


Comment 

On the night of 24 November 1959, a 
polaro id p icture s imi lar to the one on the 
cover was 'pushed into an empty vodka 
bott le and parcel led off to Moscow. The 
vodka had been given to John Adams a 
few months earl ier by Vladimir Niki t in 
label led 'Not to be opened until 10.1 G e V 
(surpassing the 10 GeV peak energy of the 
synchro-phasotron at the Dubna Laboratory 
wh ich was then the highest energy ma­
chine in the wor ld) . The polaroid picture 
showed an osc i l loscope t race of the beam 
in the CERN proton synchrotron stretching 
but to 24 GeV for the f irst t ime. 

This issue of CERN COURIER celebrates 
the 10th Anniversary of the accelerat ion of 
protons in the PS to ful l energy with ar t i ­
c les descr ib ing the exci tement of that 
night ten years ago, the development of 
the machine s ince then, and the physics 
that the machine has made possible. The 
physics is the important outcome of the 
bui ld ing of the PS and the accelerator is 
just a part, though obviously a crucia l part, 
of the who le complex of equipment and 
organizat ion involved. Nevertheless, br ing­
ing the PS into operat ion can stand by 
itself as a most remarkable achievement. 

Discussion of a European Laboratory 
bui l t around a large part ic le accelerator 
began about 1950. By 1952, the 'Provisional 
Counc i l ' of CERN came into being and a 
Proton Synchrot ron Group was set up to 
study a 10 GeV scaled-up version of the 
3 GeV Cosmotron in the USA. Late that 
year, the new idea of al ternat ing gradient 
focusing was carr ied back from Brook­
haven and the study swi tched abrupt ly 
to consider a higher energy machine. In 
October 1953, a new design for a machine 
of about 30 GeV (later pruned to 25 GeV) 
based on the al ternat ing gradient pr inc ip le 
was successful ly presented at a meeting 
in Geneva. 

Thus began a great adventure in techn i ­
cal accompl ishment and a great adventure 
in European co l laborat ion. They were 
adventures because no-one really knew 
whether ei ther the machine or the co l labo­
ration could work. 

Adams repl ied to a quest ion at a CERN 
Counci l Meet ing in 1959, 'Machines such 
as the proton synchrotron consist of an 
enormous number of parts, and there are 
therefore several mi l l ion reasons why they 
might not work ' . Construct ion of the PS 
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Ten Years Ago 
...some personal reminiscences 

Hildred Blewett 
cal led for unprecedented precis ion in 
large-scale engineer ing. Its operat ion de­
pended on the new pr inc ip le wh ich had 
quest ion marks in it even on paper. How 
much beam, for example, cou ld the ma­
chine keep under contro l when it was 
accelerated through ' t ransi t ion ' — the 
energy at which the beam behaviour chan­
ges and the accelerator has rapidly to 
fo l low suit. 

Al l these problems were in the hands of 
a br i l l iant but inexper ienced team. They 
were solved. They were solved on sched­
ule (within six years of the s igning of the 
CERN Convention) and they were solved 
at a cost (120 mi l l ion Swiss francs) rea­
sonably close to the est imate worked out 
in 1955. 

The success of the co l laborat ion was 
perhaps even more impressive. To propose 
that Belgians, Br i t ish, Dutch, French, Ger­
mans, Greeks, Ital ians, Scandinavians, 
Swiss and Yugoslavs could work success­
ful ly together on a huge pro ject — de­
manding the highest technica l sk i l l , the 
product ion of a mi l l ion components by 
manufacturers scat tered throughout Euro­
pe, very careful p lanning, and the closest 
cooperat ion — was ideal ist ic. But it work­
ed. 

In 1969, wi th CERN a large and expe­
r ienced organizat ion, it is easy to forget 
the pioneer ing spir i t of those years. But 
the bui ld ing of the PS left its mark on all 
who were involved. They wi l l st i l l ta lk 
intensely about what they d id and about 
their ' f ierce pr ide ' in doing it. It is their 
achievement in part icular that we are 
honour ing this month. 

This photo, almost as famous a record of the 
night of 24 November 1959 as the polaroid photo 
on the cover, shows the seraphic contentment 
of Hildred Blewett when full energy had been 
achieved. She was scheduled to leave Geneva 
the following day and that night was her last 
chance to see the PS in. Hildred has become 
known as the mid-wife of large accelerators 
having been present at the first operation of 
the Brookhaven Cosmotron, the CERN PS and 
the Brookhaven AGS, and close to the first 
operation of Saturne at Saclay and the ZGS 
at Argonne. She is now at CERN for three 
years during which time she hopes to continue 
her reputation by seeing in the Intersecting 
Storage Rings. 

(Photo J. Sharp) 

Remember the night of November 24th, 
1959 ? Of course I do. I was si t t ing in the 
Canteen eat ing supper wi th John Adams, 
as we had done many t imes that Fall . 
There was not a wide cho ice of food in 
those days — spaghett i or raviol i or, occa­
sional ly, f r ied eggs — but our thoughts 
were not on the meal. We had hardly 
spoken, our spir i ts were low, then John 
lit his pipe and said, 'Well, now that we've 
finished eating, we might as well walk 
over and see if anything is happening.' As 
we went in the di rect ion of the PS bu i ld ­
ings, I asked him, 'Shall we go to the Main 
Control Room or over to the Central Build­
ing ? Chris Schmelzer said that Wolfgang 
Schnell has that radial phase-control thing 
working'. John pul led on his pipe, 'Proba­
bly doesn't matter, it may not do much 
good.' Our hopes had been dashed fair ly 
of ten. Then after a few more steps, he 
added, 'Let's go to the Central Building 
and see what they're up to.' It was about 
quarter to seven. 

Trudg ing along, I thought back over the 
past weeks, back to September 16th when, 
dur ing the Accelerator Conference at 

CERN, Adams had made the electr i fy ing 
announcement that protons in jected into 
the PS had gone one turn around the 
magnet r ing. Since that t ime, at tempts to 
put the PS into operat ion had brought a 
few t r iumphant moments but most of the 
t ime we had been d iscouraged, puzzled 
by the beam's behaviour, f rustrated by 
faulty equipment or, after qu ick tr ia ls of 
this remedy or that, in despair over the 
lack of success. The protons just d idn ' t 
want to be accelerated. 

During the summer of 1959, Adams had 
wr i t ten to invite me to stay on at CERN 
after the Conference since it looked as 
if the PS wou ld be ready for running- in 
tests and Brookhaven had agreed because 
informat ion f rom these tr ials wou ld be 
very useful for the start-up of the AGS that 
wou ld probably occur dur ing the fo l lowing 
summer. But I had to go back soon to 
help on the AGS. Pressure for h igh-energy 
protons in the United States was mount ing 
even higher wi th the imminent product ion 
of European ones, so I had already book­
ed passage to sail home. For some t ime 
I had been saying to everyone that we 
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must get the protons through ' t ransi t ion ' 
before I left. Now it was November 24th, 
I must leave Geneva the fo l lowing day, 
but the prospects were bleak. Would this 
beam-night be any dif ferent ? 

A l though the PS had been ready to 
accept protons f rom the Linac in Sep­
tember, a great deal of f inal test ing had 
not been completed and instal lat ion and 
cabl ing was going on in the ring and the 
Main Control Room. Consequent ly, for the 
f i rst few weeks, beam tests cou ld be 
scheduled only for Tuesdays and Thurs­
days f rom six to ten in the evening; dur ing 
the f inal weeks of my stay there was also 
some t ime on Friday evenings. During 
these sessions, our spir i ts ranged f rom 
high to low as the beam behaved some­
what as expected or baff led us complete ly . 

Short ly after the Conference, when the 
f irst p ickup electrodes were operat ing, 
we had happi ly seen the in jected beam 
spiral in, under the inf luence of the rising 
magnet ic f ie ld (without r.f.), observed beta­
tron osci l la t ions for the f irst t ime, and 
eager ly est imated Q-values f rom the beat­
ing patterns. But the spira l l ing t ime was 
wrong and the Q-values were off, wi th 
radial and vert ical values dif ferent. Why ? 

Another night, beam f rom the Linac was 
on its way but nothing at all could be seen 
on the scopes in the MCR. After many 
checks, it was found that a resistor had 
burned out in the power supply of the 
electrostat ic inf lector. Adams, Hine and 
Lapostol le rushed into the main-r ing tun­
nel, g lared at the of fending i tem, hust led 
to have it rep laced. It burned out again — 
and again — an evening wasted and home 
d iscouraged. 

Early in October, the programmed part 
of the r.f. system was ready for t r ia l . 
Schmelzer and Hans Geibel were in the 
Central Bui ld ing and Pierre Germain was 
peer ing at scopes in the Main Control 
Room. Linac said beam was ready and 
inf lector work ing . Hine was in the MCR, 
looking at the injected beam, adjust ing 
quadrupoles, changing inf lector vol tage, 
rushing f rom one scope to another. The 
beam isn't spiralling properly... wait... all 
right, go ahead r.f.... Central Building says 
it's on, programme on. Yes, beam is being 
captured... it's accelerated... but lost after 

a few milliseconds. Changes in the r.f. 
programming... is the beam better... yes, 
now it goes for 10 milliseconds... no, it's 
15... now it's gone again. But we went 
home sat isf ied — some beam had been 
captured, there had been some acceler­
at ion. 

More evenings wi th tr ials of the r.f. 
programme fo l lowed, mostly unsatisfactory, 
then a surge of hope spread through the 
group. Careful check ing of the inf lector 
area showed that a temporary observat ion-
f lag was st ick ing into the vacuum chamber 
at the entry point and, even worse, some 
of the mechanica l structure of the inf lector 
seemed to cut off part of the c i rcu lat ing 
beam. Mixed wi th the chagr in at not f ind ­
ing these th ings earl ier was a feel ing that 
here, at last, was the source of the in jec­
t ion t roubles. Next night, there was dec i ­
ded improvement in the spira l l ing, beam 
was more rel iable, but sti l l there was 
coupl ing between the vert ical and radial 
betatron osci l la t ions and the Q-values 
were st i l l w rong . In spite of this, the r.f. 
programme was tr ied again, Schmelzer 
and the r.f. group busy in the Central 
Bui ld ing and Hine, Adams, Pierre Germain 
and the rest of us anxiously looking at the 
scopes in the MCR. But, a l though occa­
sional ly captured and accelerated for a 
few mi l l iseconds, the beam again dr ibb led 
off and was lost. 

The r.f. system had been designed to 
run wi th a f requency programme to a few 
GeV, then to swi tch over to an automat ic 
system wi th a phase- lock and wi th errors 
in the beam's radial posit ion fed back to 
the r.f. ampl i tude for correct ion. When this 
automat ic system was ready, it was tr ied 
wi th swi tch ing- in much earl ier than p lann­
ed and this d id succeed in accelerat ing 
the beam somewhat longer. But then it 
was lost, usual ly in a series of steps and 
all gone after a few tens of mi l l iseconds. 
I don' t remember if we reached 2 or 3 GeV 
on an occas ional pulse, but certainly no 
more. The behaviour of the beam remain­
ed errat ic and unstable. What was wrong? 

Measurements of the beam's posi t ion 
on the radial p ickup electrodes were hast­
ily plot ted by Adams to show that the 
closed orbi t was off in some places, but 
only by a few cent imetres, surely not 
enough to prevent some beam from going 
to t ransi t ion. The rate of rise of the ma­

gnet ic f ie ld was var ied to look for eddy-
current t roubles. Col in Ramm and the 
Magnet Group rushed around the ring in 
the dayt ime, searching for stray f ie lds or 
remanence effects. Jean Gervaise scanned 
the survey data for possible errors in 
magnet posi t ions whi le Jack Freeman 
hunted for signs of beam disappearances 
wi th radiat ion monitors. More tr ials of the 
r.f., wi th and wi thout phase-lock, more 
d iagnost ic equipment hurr iedly inserted, 
more measurements. But the protons made 
no progress. 

During those Tuesday and Thursday 
evenings in October and early November, 
many of the PS bui lders gathered around 
the tables in the centre of the Main Control 
Room. Only the most essential of the 
contro l racks were there, the rest were 
being instal led and, whi le we worked, men 
in blue coats were busy behind the racks 
cabl ing or, f rom t ime to t ime, acc ident ly 
uncabl ing. I cannot remember all the 
people who were there, but always there 
was Hine, usually Adams, Johnsen, Here-
ward , Schoch, Schmelzer, Pierre Germain. 
Somet imes Sagnel l and Sharp would stop 
work ing to take ' cand id ' photos (often in 
the way of the serious observers). Kono-
pasek wou ld be improving p ickup stat ions, 
Munday invest igat ing vacuum gauges, 
d isembodied voices coming from Linac, 
Power House, or Central Bui ld ing. To try 
to br ing order out of chaos, an Engineer-
in-Charge was appointed for each session 
and among those taking a turn were 
Bonaudi , Br iant i , Fischer, Jacob and Reich. 

At one stage, to save (or prevent ?) 
people f rom going home to eat and being 
late for the scheduled 6 p.m. start-up, 
Hine arranged cold meats, cheese and 
bread to be sent to the MCR. As I recal l , 
th is was not a rousing success. 

There were per iods of f rant ic activity. 
Beam is on... let's try this... with r.f.... 
without r.f.... look at the scope... measure 
this... photograph that... But there were 
also long per iods of wai t ing. Inflector is 
off again... the high-voltage set feeding 
the Linac is sparking over... instruments 
not ready... something disconnected. We 
sat at the tables and wai ted and wai ted. 
One night, just as beam came on, all the 
l ights went out — trouble at the CERN 
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Commissioning days 

Pierre Lapostolie (left) and Mervyn Hine do 
not give the impression of having been highly 
delighted with the way things were going. 

Below : Mervyn Hine and Kjell Johnsen also 
looking a bit short on confidence in what they 
were doing. 

(Photos B. Sagnell) 

main power house — and we groped our 
way out in darkness, Adams str ik ing 
matches all the way. 

During the days, many act iv i t ies were 
going on : tests on the magnets and pole-
face windings, Linac running, tests on r.f. 
components, tests in the Power House, 
interminable cabl ing. Throughout the bu i ld ­
ings, there were sets of cal l l ights wh ich 
f lashed in var ious patterns. One pattern 
was repeated so often that I f inal ly asked 
whose it was. It was for Kees Z i lverschoon, 
whom we seldom saw. He was in charge 
of all instal lat ion and coord inat ion and 
was always off in tunnels, chasing work­
men, fo l lowing missing items, running f rom 
place to place. 

I had a desk in Mervyn Hine's off ice 
where in the mornings, part icular ly after 
beam-nights, one after another would 
come in — Johnsen, Hereward, Schoch, 
Schmelzer, somet imes Adams, many others 
— and the talk wou ld start. Are the closed-
orbit deviations causing serious trouble ? 
Is the Linac emittance all right ? What 
about the missing bunches, caused by the 
poor performance of the inflector ? Every 
Monday morn ing, in the PS Conference 
Room, there was a meet ing of the 'Runn-
ing-in Commit tee ' , start ing at 9 a.m. sharp 
and lasting unti l wel l after 1 p.m. or even 
2 p.m. Discussions and arguments — on 
and on. 

But somet imes it was quiet, when Hine 
and the others were off prepar ing for the 
evening runs. Then, I might go down the 
hall to a nearby of f ice where Ed Regen-
streif was compi l ing the ful l story of the 
PS and we would talk of the t ime back in 
1951 when, at the request of the early 
CERN Counci l , he had come to the United 
States to look at the const ruct ion of the 
Brookhaven Cosmotron and the Berkeley 
Bevatron. Regenstreif had earned the eter­
nal grat i tude of the Cosmotron bui lders 
(then an unknown and inexper ienced 
group) for his praise of our design that 
resulted in the CERN Counci l 's dec is ion, 
at f irst, to bui ld a scaled-up Cosmotron 
of 10 GeV. It had been to reduce the costs 
of this machine that Stan Liv ingston, in a 
spir i t of internat ional goodwi l l , had f irst 
cons idered possibi l i t ies for size reduct ion 
by reversing b locks in a Cosmotron- l ike 
magnet. This was in the summer of 1952, 
at Brookhaven after the Cosmotron had 



successful ly operated. We had been look­
ing forward to a visit by Dahl, Goward and 
Widerôe to discuss the plans for the pro­
posed European high-energy accelerator . 
Further work by Liv ingston, Courant and 
Snyder had led to the a l ternat ing-gradient 
des ign pr inc ip les in t ime for presentat ion 
to our European visi tors. 

Often, in the dayt ime, I went over to the 
Linac Bui ld ing, to look at the 50 MeV 
beam, to watch measurements being made 
by Pierre Lapostol le, Peter Standley, Col in 
Taylor, Bryan Montague and others. Over 
there another Amer ican visi tor was f re­
quent ly watch ing or help ing — Lloyd 
Smi th , at CERN a .year on leave f rom 
Berkeley. Later on, he was to be so im­
pressed by the per formance of the CERN 
PS that he would go back to Berkeley 
wi th a set of parameters for a s imi lar 
machine of 100 GeV, infect his coworkers 
wi th his enthusiasm and begin ser ious 
des ign. Af terwards, this wou ld be changed 
to a design for 200 GeV that wou ld f ind 
suppor t f rom the US high-energy-physics 
communi ty , cu lminat ing in the large acce l ­
erator at Batavia. 

Occasional ly , on a Sunday, I wou ld go 
a long the lake to visit my good f r iends, 
Kjel l and Aase Johnsen, and we would 
recal l the days in 1953 when the f irst 
des igns for the PS were being worked 
out by groups in var ious places (Harwel l , 
Paris, Heidelberg, Bergen, etc.) all under 
the leadership of Odd Dahl in Bergen. 
John Blewett and I had spent some 
months in Bergen in the summer of 1953 
and, dur ing that t ime, Johnsen had been 
work ing on the behaviour of the beam at 
t ransi t ion energy (where there is no phase 
stabi l i ty) . His calculat ions had given us 

the f irst conf idence that beam could be 
accelerated through this dangerous region. 
Or, the Johnsens and I would go back to 
November 1952, when a small group 
( inc luding Kjell and myself) had come to 
Geneva and been taken out near the 
French border to see the f ields where 
some day a large Laboratory might be 
buil t . This t r ip was after a meeting in Paris 
where the main topic of d iscussion had 
been the recent work of Adams, Hine, and 
Lawson on the serious effects of magnet 
inhomogenei t ies and their d iscovery of 
f r ightening resonances. Or, we would 
come back again to 1953, to early October, 
when the PS Design Group had come to 
Geneva (a risky business with no govern­
mental commi tments and f inances on a 
month- to-month basis) to start work at the 
Physics Institute of the University of Ge­
neva. There we had all worked hard to 
prepare for a Conference, held later that 
October, where papers on the design of a 
30 GeV machine (later reduced to 25 GeV 
by the Counci l) had been presented to an 
audience of accelerator experts, Counci l 
members and their advisors. The Design 
Group had been nervous — it could not be 
proved that this novel type of accelerator 
would work, so many hazards, such inex­
per ience, the future of European h igh-
energy physics at stake. I had been ner­
vous, too. I had worked up some cost 
f igures, based on Cosmotron costs, and 
the totals were much in excess of what 
had been ant ic ipated. Would the Counci l 
accept it ? But these reminiscences wi th 
the Johnsens wou ld be broken off by the 
sudden arr ival of Hine, br inging us back to 
1959, to the problems of the PS. He had 
a new theory. What did we think ? Should 
we try this next week ? 

Expressions still worried as some of the 
commissioning team cluster around an 
oscilloscope. Left to right : John Adams, Hans 
Geibel, Hildred Blewett, Lloyd Smith, Chris 
Schmelzer, Wolfgang Schnell, Pierre Germain. 

(Photo B. Sagnell) 

Many of these th ings were in my 
thoughts as Adams and I approached the 
Central Bui ld ing. I was depressed at hav­
ing to leave the next day, wi th the protons 
st i l l ba lk ing. I had wanted so much to 
see this machine operate successful ly 
before I left. Al l th rough the years, I had 
been so involved wi th CERN and its PS 
that I had felt a g low of pr ide wi th each 
mi lestone passed dur ing const ruct ion. 
More than ever, over these past weeks, 
I had felt that it was partly my machine 
too. John interrupted my thoughts wi th 
'Well, Hildred, we haven't done much 
during your stay. It's hardly been worth­
while, you haven't learned...'. I broke in, 
'Wolfgang thinks this radial phase-control 
will really work, he's very optimistic, and 
maybe...'. But I knew that no one else had 
great hopes for any improvement. Even 
Schmelzer had thought it was hardly wor th 
the effort, but Schnel l had gone ahead 
over the last couple of weeks wi r ing it 
up for a qu ick test. Just a few days before, 
I had been down in the basement lab, 
l istening to his enthusiasm. The idea was 
to use the radial -posi t ion signal f rom the 
beam to contro l the r.f. phase instead of 
the ampl i tude. With this system, the sign 
of the phase had to be reversed at t ransi ­
t ion and, in his haste, Schnel l had buil t 
th is part into a Nescafe t in , the only th ing 
of the right size. But could Nescafe t ins 
help ? There had been so many d isap­
pointments. Perhaps someth ing really fun­
damenta l was wrong . I felt a certain last 
desperate hope, but I wasn' t opt imist ic . 

Adams opened the door of the Central 
Bu i ld ing. For a moment the l ights b l inded 
us, then we saw Schmelzer, Geibel and 
Rosset — they were smi l ing. Schnel l walk­
ed towards us and, wi thout a word , pul led 
us over to the scope. We looked... there 
was a broad green trace... What's the 
timing... why, why the beam is out to 
transition energy ? I said it out loud — 
TRANSITION ! 

Just then a vo ice came from the Main 
Control Room. It was Hine, sounding a bit 
sharp (he was running himself ragged, 
as usual, and more frustrated than any­
one), 'Have you people some programme 
for tonight, what are you planning to do ? 
I want to...'. Schnel l in terrupted, 'Have you 
looked at the beam ? Go and look at the 
scope'. A long si lence... then, very quietly, 
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The page from the PS log book, 24.11.59. 
At 19 h. 35, it reads '22 GeV Historic Moment'. 
By 20 h. 00 the entries had become rather 
incoherent. 

Below : Congratulations Italian Style. Gilberto 
Bernardini embraces John Adams in the Main 
Control Room. 

(Photo J. Sharp) 

Hereward's voice, 'Are you going to try 
to go through transition tonight ?' But 
Schnel l was already behind the racks wi th 
his Nescafe t in , Geibe! was out in front 
check ing that the wires went to the right 
places, not the usual wrong ones. Quickly, 
quick ly, it was ready. But the t iming had 
to be set right. Set it at the calculated 
value... look at the scope... yes, there's a 
little beam through... turn the timing knob 
(Schnel l says I yel led this at h im, I don' t 
remember) ...timing changed, little by 
little... the green band gets longer... no 
losses. Is it... look again... we're through... 
YES, WE'RE THROUGH TRANSITION! 

How far ? What's the energy ? Some­
thing below 10 GeV because the magnet 
cycle is set for lower fields and a one-
second repetition rate for testing. Hurr ied 
cal l to Georgi jev ic in the Power House. 
Change the magnet cycle to full field. 
Beam off whi le we wait . The long minutes 
drag by. Wil l the beam come on again ? 
This is just the t ime for that drat ted inf lec-
tor to go off again, or the high-vol tage 
set to arc over. Hurry up, Power House ! 
I remember Schnel l murmur ing, 7 prom­
ised you we'd get through transition'. But 
we were all rather awed by it. No one 
spoke — Schmelzer lit a cigar, Adams 
relit his pipe, we wai ted. 

Finally, the cal l came through — magnet 
on again, pulsing to top f ie ld . Call the 
Linac for beam. Beam on, it's injected, 
inflector holding, beam spiralling. R.f. on, 
all set as before with the blessed phase-
control and the Nescafe tin. Change tim­
ing on the scopes, watch them and hold 
your breath. One second (time for accel­
eration) is a long time. The green band 
of beam starts across the scope... steadily, 
no losses... to transition... through it... on, 
on how far will it go... on, on IT'S ALL 
THE WAY'! Can it be? There it goes 
again, all the way as before... and again... 
and again. Beautiful, smooth, constant, no-
loss green band... Look again at the tim­
ing... all the way... it must be 25 GeV ! 
I'm to ld I screamed, the f irst sound, but 
all I remember is laughing and cry ing and 
everyone there shout ing at once, pumping 
each other 's hands, c lapping each other 
on the back whi le I was hugging them al l . 
And the beam went on, pulse after pulse. 

Slowly, we came back to earth. John 
Adams was first. Looking very ca lm, he 



John Adams announces the news to the CERN 
staff in the Main Auditorium the following 
morning. In his hands the famous vodka bottle 
and the polaroid photograph it was to carry to 
Dubna. 

went to the phone to ring up the Director 
General , C.J. Bakker, to tel l him the news 
but Bakker d idn' t seem to grasp it r ight 
away (could it be that John was just a 
l i t t le incoherent?) Schmelzer was beaming, 
for once even his c igar forgot ten, co ld on 
the ashtray. Schnel l looked supremely 
happy, he was the hero of the hour. Gra­
dual ly, I co l lected my wits enough to 
wr i te out a te legram to Brookhaven that 
Geibel dashed off to send immediately. 
We went over to the Main Control Room 
and found Hine cal l ing round to locate 
some sort of counter for check ing the 
energy. Johnsen was saying, heatedly, 
'Did someone change the timing on this 
scope ? I just turned away from it for a 
moment and here is the beam going out...' 
How could it be 25 GeV wi thout poleface 
wind ings on ? But all the scopes showed 
the same smooth green t race, one second 
long — it really was 25 GeV. Even more 
unbel ievable, the signal on the p ickup 
e lect rodes gave an intensity of about 10 1 0 

protons per pulse. No, that can't possibly 
be r ight, we ' re lucky if it 's 10 9 . Check and 
recheck... look at the cal ibrat ions.. . yes, 
that number is r ight, 10 1 0 . 

The rest of that evening has been des­
cr ibed many t imes. People came f looding 
in, I don' t know who told them the news. 
Polaroid pictures of the scope traces were 
passed around for signatures on the back, 
cher ished souvenirs. Bott les appeared, by 
magic, inc luding the famous bott le of 
vodka given to Adams by Niki t in. Bakker 
arr ived with a bott le of gin under his arm. 
Bernardini bounded in, hugged Adams 
and Hine, launched into a descr ip t ion of 
what he wanted to do as a f irst exper i ­
ment, then lapsed into pure Ital ian. Miss 
Steel and the secretar ies were there, smi l ­
ing happi ly — they had had to put up wi th 
our compla in ts and bad humours. I remem­
ber Col in Ramm mutter ing, 'Where do we 
go from here ? What about two or three 
hundred GeV ?' (He was ahead of the 
times.) I left short ly before midnight to 
pack my sui tcases. 

Early next morning (at 2 a.m. New York 
t ime) I had a phone call f rom John Blewett 
of fer ing congratu lat ions from Brookhaven 
and asking quest ions. My te legram had 
come as a bombshel l and the word 
had spread rapidly across the United 
States. What had brought success ? 

I to ld him about the phase-control system 
and, s ince it was s imi lar to the one being 
bui l t for the AGS, it was a relief to know 
that this was just what the protons l iked. 

Then out to the Lab for f inal goodbyes, 
over to the Aud i to r ium to hear Adams tel l 
the story to all CERN, my PS fr iends gr inn­
ing proudly but no one happier than I. 
Then, Hine was dr iv ing me to the stat ion 
and many of these good fr iends there to 
see me off w i th , 'Well, we did it for you !' 
General euphor ia in the ait. Just one com­
plaint — Kjell Johnsen, wistful ly, 'You 
know, we've been cheated. It all happened 
too fast. I thought we would be happy to 
reach transition, then, after a while ano­
ther good feeling at 10 GeV, a week or so 
later maybe 15 GeV and, perhaps after a 
month or more, 25 GeV. Now it's all 
happened at once, there is only one mo­
ment of triumph. We've been cheated'. 

But the train is moving and there is 
Pierre Germain waving from across the 
t racks. The train passes the CERN site. 
There is the great PS ring and the g lo­
r ious memor ies of the previous evening. 
Now to hurry and get protons around the 
AGS. 
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1959-1969 
Ten years in the life 
of a machine 

Operation and development of the PS have 
brought a dramatic improvement in its 
capabilities. This article describes the years of 
getting to know the machine and of developing 
its potential, picking out some major landmarks 
on the way. The article was put together with 
the help of P.H. Standley (PS Division Head), 
C.S. Taylor (Linac), G. Plass, W. Richter (Mam 
Ring), M. Georgijevic (Power Supply), 
J.H.B. Madsen (Operation), and G.L. Munday 
(Experimental Areas). 

Parameters of the 28 GeV Proton Synchrotron 
Linac 1959 1969 
Type of ion source r.f. duoplasmatron 
Pre-accelerator (Cockcroft Walton) 500 kV 500 kV 
Number of Linac cavities 3 3 
Final energy 50 MeV 50 MeV 
Pulse length 10 jus 20 /us 
Intensity of 50 MeV beam about 3 mA about 110 mA 
Peak Linac intensity 4.8 mA 140 mA 

Main Ring 
Diameter of ring 200 m 200 m 
Magnetic field 147 G to 14 kG 147 G to 14 kG 
Number of magnets in ring 100 100 
Weight of magnet 3 400 tons 3 400 tons 
Vacuum chamber circumference 628 m 628 m 
Vacuum chamber cross-section 14.5 X 7 cm2 14.5 X 7 cm2 

Number and type of pumps 70 oil diffusion 60 oil diffusion 
24 sputter ion 

Vacuum pressure about 3 X 10~6 torr below 2 X 10~6 torr 
Number of r.f. units 16 14 
Frequency range 2.9 to 9.55 MHz 2.9 to 9.55 MHz 
Peak voltage of r.f. system 133 kV 143 kV 
Energy gain per turn 54keV(at12kG/s) 75keV(at16.7kG/s) 
Number of protons accelerated per pulse about 3.1010 about 2.1012 

Power Supply 
Type of power supply Three phase motor Three phase motor 

alternator alternator 
Twelve phase Two twelve phase 
static convertor static convenors 

Rotation speed 3 000 rev/min 1 000 rev/min 
Weight of flywheel and rotor 28 tons 90 tons 
Magnet losses 1.6 MW 2.8 MW 
Pulse repetition time 3 s (25 GeV le) 1.7 s (25 GeV/c) 

for a 20 ms flat top 5 s (28 GeV/c) 1.9 s (28 GeV/c) 

Operat ion (Early 1960) 
Number of internal targets 1 3 
Number of ejected beams None 2 fast, 1 slow 
Number of external targets None 4 
Number of experiments fed per pulse 2 to 3 7 to 8 (plus 3 to 4 

testing/parasiting ) 

Experimental Facil i t ies (Early 1960) 
Experimental floor area about 2 500 m2 9 000 m2 

(North and South (North, South, East 
Halls partially and South-East 
available) Halls, plus two 

bubble chambers) 
Bubble chambers 30 cm hydrogen 81 cm and 2 m 

(in March 1960) hydrogen 1.2 m 
heavy liquid 

Number of beam transport elements 3 about 250 
Maximum power consumption in Halls about 0.5 MW 21 MW 

When the PS was des igned many of the 
techn iques and the assoc ia ted appara tus 
w h i c h are now in everyday use on the 
mach ine had not been d r e a m e d up o r 
we re then jus t not t echno log i ca l l y feas ib le . 
No-one cou ld p red ic t e i ther the g r o w i n g 
d e m a n d s of par t i c le phys ics or the g r o w i n g 
exper t i se in the use of the mach ine w h i c h 
has led to con t inuous deve lopmen t of its 
versat i l i ty , f t is amus ing to r emember the 
fee l ing of s l igh t unease w h i c h m ing led 
w i th the t r i umph among the mach ine bu i l ­
ders w h e n the synchro t ron f i rs t came into 
ac t i on . The mach ine was bu i l t and most of 
the des ign staff expec ted to return home 
— th is was the s imp le assumpt ion on 
w h i c h most of t hem had c o m e to Geneva. 

But ten years of exper ience have taugh t 
that an ins t rument of th is k ind w i l l p roba ­
bly never be ' ready ' — ready in the sense 
of a mach ine that is sw i t ched on and off 
and runs w i thou t change. Dur ing these 
years many mod i f i ca t ions have been 
i n t roduced and new systems have been 
a d d e d — to inc rease its capab i l i t i es as a 
sou rce of h igh energy par t ic les , to ease 
ope ra t i on , to improve con t ro l of the many 
parameters , and to reduce damage due to 
i r rad ia t ion of the synchro t ron componen ts . 
Even more rad ica l changes w i l l be f o r t h ­
c o m i n g w i t h i n the next th ree o r four years 
as part of the PS Improvement P rog ramme. 

Linac 
In 1960, when the l inear acce le ra to r began 
to p rov ide a beam for the PS on a regu lar 
basis , the task of the L inac Group seemed 
to be fa i r ly c lear and s t ra igh t fo rward . The 
staff cons is ted of the phys ic is ts , eng ineers 
and t echn i c i ans w h o had ac tua l l y bu i l t the 
mach ine (the theore t i c ians and des igners 
hav ing moved to o ther jobs) and the p r io ­
r i t ies we re on ly too obv ious to the p rac t i ­
ca l l y -m inded , the re l iab i l i ty of c o m p o n e n t 
par ts be ing measured d i rec t l y in t e rms of 
lost s leep and lost week-ends . The beam 
behav iour seemed reasonab ly c lea r as 
w e l l . Ear ly measurements sugges ted that 
the energy sp read , and the beam d iame te r 
and d i ve rgence , were abou t wha t one 
expec ted . The p rob lem, main ly , w a s to 
increase the intensi ty, s ince it appea red 
that the PS cou ld use more p ro tons if the 
L inac cou ld p rov ide t hem. 
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On the other hand, as operat ional neces­
sity forced more people to learn about the 
machine as a whole, the real izat ion dawn­
ed that the classical theory of the 1950's 
wh ich had been br i l l iant ly successful in 
p roduc ing a machine that worked , was 
only a rough approx imat ion to the reality. 
The reality was a very imperfect th ing — 
non-l inear, coup led, imperfect ly a l igned, 
unstable and unrel iable. The chal lenge 
wh ich emerged then was th ree- fo ld ; to 
improve the rel iabi l i ty, to increase the 
intensity, and to understand how it actual ly 
worked as dist inct f rom how it was sup­
posed to work. 

These three aims became very c losely 
coup led together, part ly because no dis­
t inct ion was drawn init ial ly between oper­
at ion and development work. Thus as the 
engineer ing improved and the Linac be­
came more rel iable, stable and reprodu­
c ib le, better measurements could be taken 
wh ich made it possible to pin-point and 
reduce beam losses and to increase the 
intensity, but wh ich also made it possible 
to ask more quest ions about the general 
behaviour of the machine. 

One s imple event in the early 1960's had 
a profound effect on the subsequent s tu­
dies. That was when one first faced up to 
the basic fact that the distr ibut ion of par­
t ic les in a cross-sect ion of the beam or in 
energy was bel l -shaped, so that the beam 
diameter and d ivergence (or the combined 
property known as emittance) lost its 
c lear-cut s impl ic i ty , and could vary wi th in 
wide l imits depending on the sensit iv i ty 
of the detector. Equally one could get a 
range of energy spread images on the TV 
screen by playing with the TV contro ls. 
This led to th ink ing in terms of the d is t r i ­
but ions themselves rather than of arbi t rary 
l imits and this approach has been fo l lowed 
up to the present day. 

Another landmark, tr ivial in retrospect, 
was the real ization that the Linac does a 
good deal of scrambl ing of the beam in 
the early part of accelerat ion, so that 
whatever is put in to the Alvarez cavit ies 
comes out Gaussian and spread-out, 
a l though the beam can remember to some 
degree if it went in at an angle. This 
spreading-out behaviour led to a variant 
statement of Parkinson's law — 'a beam 

The Linac with the lid off. The drift-tubes in one 
of the three resonant cavities, which accelerate 
the protons to their injection energy of 50 MeV, 
being aligned prior to first operation of the 
injector. The beam enters from the ion source 
column at the top of the photograph. 

always tends to f i l l up the avai lable accep­
tance ' — of wh ich more later. 

The real v intage year for the Linac was 
1966, when 100 mA was f irst accelerated 
to 50 MeV (a wor ld f irst too, fo l lowed by 
the Serpukhov Linac a year later). This 
resulted f rom the instal lat ion of a new 
ion source of the duoplasmatron type 
combined wi th a high gradient accelerat­
ing tube. Basical ly the idea was to acce l ­
erate part ic les through the low-energy 
region as qu ick ly as possible in order to 
reduce the destruct ive effects of space 
charge. This change signi f ied the end of 
the era in wh ich higher intensit ies could 
be obta ined by making holes in the pre-
in jector bigger, and to mark the event the 
Linac Group was presented wi th a metal 
reamer, complete wi th protect ive cork. 

Exper ience wi th the 100 mA beam 
(140 mA peak value in fact) has shown 
that high intensity beams at these energies 
have to be handled wi th extreme care if 
densi ty is to be conserved. There is ano­
ther law of nature, a manifestat ion of 
Murphy 's law, akin to the second law of 
thermo-dynamics, wh ich states that any­
th ing that you do to a beam wi l l tend to 
spoi l it. 

If one is t ry ing to conserve density in 
an intense beam, then even lett ing it dr i f t 
wi l l do it a mischief ; if one tr ies to bunch 
it together it wi l l ooze out s ideways, and \ 
so on. This is really another way of saying 
that the beam up to and inc luding 50 MeV 
is not 'matched ' in the theoret ic ians ' sense 
of being d is t r ibuted in such a way that it 
does not change its propert ies wi th t ime. 
Unti l now the d is t r ibut ion has been that 
imposed by the ion source and it remains 
to be seen whether a better d ist r ibut ion 
can be found, and once found how long 
it can be mainta ined before it re-shuffles 
into the fami l iar Gaussian. 

As an example of the Man-Machine 
symbiosis the past 10 years have been 
part icu lar ly sat isfy ing. Apart f rom the ob­
vious Freudian symbol ism of work ing wi th 
the Linac, the machine has been generous 
in its rewards, if somet imes capr ic ious in 
its demands. A who le week-end of syn­
chrot ron operat ing t ime was lost once due 
to pre- in jector breakdown but that in itself 
was benef ic ia l s ince the Linac Group, 
harassed by beam customers, vowed 
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The Lund Conference report 
appears 

The Lund Conference report will as the reports 
from the previous conferences of this kind, present 
the last year's advances in the Elementary Particles 
Physics, as it is represented by the 440 contribu­
tions to the Conference, and summarised by the 
rapporteur's talks. A new feature of the Confer­
ence report is, however, the invited review talks 
which give a coherent picture of the state of the 
field prior to the Conference. These review talks 
are responsible for the increase in volume, by about 
15 percent, with respect to previous conference 
reports. They should give the report a lasting value 
and also make it useful as a textbook for advanced 
studies in Elementary Particle Physics. The Or­
ganising Committee feels that this feature is an 
important part of the aim to make these types of 
conferences of pedagogical value to advanced stu­
dents, as well as a meeting place for the specialists. 



An early view inside the then comparatively 
uncluttered main ring. Several of the alternating 
gradient magnet units can be seen positioned 
in the ring. 

'never again ' and set about a complete 
redesign of the 500 kV accelerat ing tube 
wi th s impl ic i ty foremost, as if in response 
to a valuable lesson f rom the machine. 
The whole process can be seen rat ional ly, 
but human beings are not always rat ional 
— anthropomorphism sets in and one sees 
the machine as having a personal i ty and 
a wi l l of its own. On one occas ion a dr ink 
to celebrate something or other just after 
start-up was interrupted when the te le­
phone rang and the MCR announced that 
the Linac was del iver ing only 35 MeV 
instead of 50 MeV; the person who is far 
gone in fantasy sees that the machine was 
protest ing at being left out of the party. 

It is cur ious how this awareness of life 
in the machine d imin ishes when it is 
swi tched off for a long shutdown. Then 
it reverts to being much more just another 
inanimate col lect ion of copper and steel, 
and it requires a real effort of imaginat ion 
to visual ize a beam of protons passing 
through th ings wh ich are so obviously 
problems in mechanical to lerances and 
vacuum and r.f. technology. 

One becomes fond of a machine wh ich 
has played such a large part in ones life 
in the past ten years or so. It wi l l be sad 
if it is insulated f rom people in the future 
and to ld what to do by a computer . But no 
doubt the Linac wi l l have the percept ion 
to see that the computer is only an amia­
ble idiot doing what it is to ld , and that its 
t rue f r iends are always there to hold its 
hypervolume when it feels i l l . 

Main Ring 
Magnet 

Stabi l i ty of the magnet r ing, in the sense 
of keeping the 100 separate magnet units 
accurate ly al igned around thei r c i rc le of 
200 m diameter, was one of the pr ime 
concerns when the PS was bui l t . A special 
system of suspension was used for the 
concrete beams on wh ich the magnets sit 
and this has proved very successfu l . 

Neither At lant ic t ides (which were re­
corded on the CERN site in Geneva more 
than 500 km f rom the coast dur ing the sur­
vey for the PS), nor ear thquakes in the Va­
lais mountains (which had lamps swinging 
in Geneva) were felt by the synchrot ron. 

However local excavat ion work at the PS 
— for the East Hall and for the Synchro­
tron In jector — did cause the magnet to 
rise by 2 to 3 mi l l imetres. It sett led back 
close to its or ig inal posi t ion once the 
normal loading of the area was re-esta­
b l ished. 

There are sti l l 99 out of the or ig inal 
100 magnet units in the PS tunnel . Only 
one has had to be replaced by a spare 
(in 1967) due to radiat ion damage. In 
ant ic ipat ion of more magnets being da­
maged, part icular ly those near internal 
targets and near e ject ion points, more 
spare units and spare pole-face w ind ings 
(which are part icular ly suscept ib le to 
radiat ion damage) are on order. Substant ia l 
work has also gone into ' radiat ion harden­
ing' of magnets. Many magnet units have 
exchanged their places in the tunnel in 
order to provide space for new ejected 
beam lines (only one of wh ich was p lann­
ed in the PS design, whereas the four th 
is now being instal led and i ronical ly the 
one wh ich was planned has been 
removed). 

Many new correct ion elements have 

been instal led in addi t ion to those prov id­
ed at the outset, part icular ly in order to 
compensate defects of the f ie ld pattern 
at very low f ie ld levels. These have inc lud­
ed vert ical d ipoles and low-current back-
leg wind ings (instead of horizontal dipoles) 
and di f ferent types of quadrupoles — 
approx imate ly 80 units in a l l . Special h igh-
power w ind ings or special magnets in 
straight sect ions have been instal led to 
provide the orbi t deformat ions necessary 
for e ject ion purposes. Much effort has 
also gone into the many special power 
suppl ies and their contro ls or servo- loops 
wh ich are necessary for pulsing magnet 
elements in connect ion wi th operat ions 
l ike in ject ion, e ject ion, and target ing. 

An important quest ion on the PS magnet 
wi l l need an answer in the next year or 
two. After ten years of operat ion and wi th 
much higher beam intensit ies coming up, 
some of the synchrotron magnet units are 
almost certa in to receive more radiat ion 
than they can stand. Wil l it be necessary 
to replace the whole magnet r ing wi th 
new magnets using more radiat ion resist­
ant components (and maybe wi thout pole 
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Then and now. Two aerial views of the proton 
synchrotron — 

1. Taken towards the end of 1959 

2. Taken in August of this year. 

In 1959 the wheel shape of the PS was clearly 
visible and the North and South Experimental 
Halls dominated other buildings. Now, one has 
to look hard to distinguish the PS ring. The large 
East Hall and the South East Hall have been 
added and many other buildings are crowded 
close together. Construction work on the new 
Synchrotron Injector and on the Intersecting 
Storage Rings is off left. 

face windings) ? Or wi l l the magnet units 
be rebui l t one after another spread over 
many years ? (This problem is the result 
of the per formance of the machine far 
exceeding expectat ions. Since the magnets 
have wi thstood ten years of operat ion at 
beam intensit ies very much h igher than 
they were designed for, they might — f rom 
the radiat ion point of v iew — have surviv­
ed a thousand years if they had operated 
wi th the 'des ign ' beam. This wou ld pro­
bably have been adequate... even for par­
t ic le physics !) 

Acceleration system 

Sixteen r.f. accelerat ing cavi t ies were 
instal led init ial ly, of wh ich four teen are 
st i l l left in the r ing. However, the total 
accelerat ion vol tage avai lable per turn is 
now higher than in the early days. It is 
now possible to run, wi th the new magnet 
power supply, at an increased rate of 
energy gain because the vol tage on each 
accelerat ing gap was raised by 25 % in 
total fo l lowing modi f icat ions in 1963 and 
1966. 

This, however, is only one of many 
modi f icat ions on this system. It is hard 
to imagine that ini t ial ly it took three 
operators — in the , Central Bu i ld ing, the 
Main Control Room, and the so-cal led 
'Computer Room' — to run the acce lera­
t ion system. It now normal ly runs for many 
days wi th only l i t t le adjustment. 

Many man-years have been spent in the 
replacement of most of the e lect ronic 
c i rcu i ts of the or ig inal system ( inc luding 
the famous c i rcui t in the Nescafe tin) by 
s impler, more rel iable, automat ized ones, 
and in the painstaking job of improving 
rel iabi l i ty and reducing sensit iv i ty to ra­
d iat ion of the h igh-power components. By 
May 1969, the r.f. cavit ies had worked for 
a total of 50 000 hours. 

New faci l i t ies are being added such as 
vol tage and phase modulat ion for in ject ion 
studies, and cavity detuning and vol tage 
reduct ion in order to avoid r.f. s t ructure 
in the s low ejected beam. A cr i t ical exa­
minat ion of the behaviour of the acce lera­
t ion stat ions under the condi t ions of much 
higher beam intensity is under way, and 
a complete ly new design of the phase- lock 
system (to remedy the technolog ica l short­
comings of the 'o ld ' design and to meet 

1 

the requirements of the improvement pro­
gramme) has reached the stage of proto­
type tests. 

Also, a new set of accelerat ing cavit ies, 
together wi th ampl i f iers and power sup­
pl ies, is about to be ordered. The new 
cavit ies wi l l be powerful enough to cope 
with the load produced by a beam ten or 
twenty t imes more intense than the present 
one. They wi l l also have substant ial ly 
reduced sensit ivi ty to radiat ion s ince much 
of the equipment wi l l be instal led in a 
bui ld ing in the centre of the ring rather 
than in the tunnel . 

Vacuum System 

In 1960, the instal lat ion of targets in the 
PS vacuum chamber required parts of the 
chamber to be opened up rather f requen­
tly. At that t ime the pump contro ls were 
located next to each pump and each t ime 
that air was let in or pump-down re-start­
ed, a vacuum man had to pass f rom pump 
to pump opening and closing the contro l 
cubic les. The myster ious tool used for this 
job became the 'badge- in- t rade' of the 
vacuum group. 

Things are now rather more sophis t i ­
cated. Modi f icat ions started when more 
and more equipment began to be instal led 
in the vacuum chamber. New tanks for 
k icker magnets and septum magnets need­
ed addi t ional large di f fusion pumps but it 
was not always possible to compensate 
for increased outgassing rates. At tent ion 
had to be paid to types of material and 
to methods of construct ion for components 
used in the vacuum chamber. A bl ind 
hole — t rapping a smal l vo lume of air — 
would no longer pass the instal lat ion test. 

The dif ferent e ject ion systems required 
enlarged chambers. The first of them was 
a large insulated chamber made f rom 
reinforced araldi te wh ich resisted all 
efforts to make it vacuum t ight. This led 
to a much s impler design wi th two inde­
pendent chambers side by side. By now 
the technique of producing enlarged 
vacuum chambers is wel l understood and 
more than 1 0 % of the chambers have 
been enlarged for the e ject ion systems. 

Increasing beam intensit ies caused 
radiat ion damage to rubber gaskets and 
though only a small f ract ion of the 2 000 

340 



gaske ts in the mach ine have needed to 
be changed regular ly , these gaskets are 
s i tua ted at the 'hot test ' po in ts of the 
r ing. Meta l seals we re deve loped to f i t 
t he ex is t ing c h a m b e r s and began to be 
insta l led two years ago. Abou t 4 0 % have 
been rep laced to date . 

Pressure measurements f rom the 100 
s t ra igh t sec t ions and comp le te in fo rmat ion 
on the state of each pump are t ransmi t ted 
to the MCR. 

The vacuum c h a m b e r has not a lways 
been empty w h e n the p ro ton beam has 
been sw i t ched on ! Once the opera t ing 
c rew were busy fo r more than an hour 
sea rch ing for wha t p roved to be a rag 
left in the way of the beam. On ano ther 
occas ion , a washer was left ly ing on the 
f loor of the vacuum tube. As the magne t i c 
f ie ld rose, it pu l led the washe r up the wa l l 
of the tube f rom w h e r e it fe l l back to 
the f loor . The ef fect of th is was to swa l l ow 
a chang ing f rac t ion of the beam du r ing 
each cyc le . The ef fect was so c lear -cu t 
and rep roduc ib le that it is a w o n d e r that 
washe rs have not been s t rewn a round the 
mach ine for some method of beam con t ro l . 

A f ter ten years of con t inuous opera t i on 
the p u m p s uni ts — rough ing and d i f fus ion 
pumps — are be ing rep laced by sput ter -
ion pumps . Th is change wi l l avo id the 
inc reas ing ma in tenance ef for t fo r the o ld 
pump uni ts, and wi l l improve the pressure 
by a f ac to r of 5 to 10. At the same t ime , the 
change over to meta l l i c seals w i l l be 
c o m p l e t e d al l a round the mach ine and the 
ex is t ing a ra ld i te chambers w i l l be rep laced 
by chambers made f rom ce ramic . The 
con t ro l s and power supp l ies for the new 
p u m p i n g system wi l l be g rouped toge the r 
in the Cent ra l Bu i ld ing to a l low ma in te ­
nance w i th a m in imum of w o r k ins ide the 
r ing tunne l whe re h igher rad ioac t iv i t y 
levels w i l l p reva i l . 

In those p laces in the r ing whe re h igh 
rad ioac t iv i t y is a p rob lem, remote hand l ing 
dev ices are in tended to do most of the 
work . Pre l im inary tests w i th a remote ly 
con t ro l l ed robot proved the i r capab i l i t i es 
but a lso showed a l im i ta t ion due to the 
very s low wo rk i ng speed . A second ver­
s ion , us ing a servo-con t ro l led man ipu la to r 
w i th two arms, is expec ted to be much 
faster and more versat i le . 

Machine Instrumentation 

Space a round the acce le ra to r c i r cumfe r ­
ence is h igh ly va luab le — it is one of the 
th ings that canno t be bough t fo r money 
once the mach ine is bui l t . A deve lopmen t 
has the re fo re been s tar ted to p r o d u c e 
p i ck -up e lec t rodes wh i ch d i sappear in the 
v a c u u m man i fo lds on each magnet uni t . 
A pa i r of the o ld uni ts — w h i c h we re insuf­
f i c ien t in number anyway — took a lmos t 
a comp le te s t ra igh t sec t ion of the mach ine . 
The des ign of an au tomat i c measur ing 
sys tem was subsequent l y unde r taken . It 
w i l l make it poss ib le to measure the beam 
orb i t a round the mach ine in 40 p laces 
w i t h i n one revo lu t ion and the c o m p u t e r w i l l 
pr in t the resul t . Th is can be c o m p a r e d to 
the present sys tem where the tak ing of 
osc i l l og raph photos a lone takes abou t 
30 minu tes w i t h the analys is t ime to be 
a d d e d . 

Many o ther ins t ruments have been newly 
deve loped du r ing these ten years : va r ious 
t im ing sys tems, measurement of mean 
radia l beam pos i t ion , measurement of the 
be ta t ron f requency , a b roadband p i ck -up 
sys tem fo r the invest igat ion of the b u n c h -
shape, etc. 

Ejection Systems 

Ejec t ion sys tems — now of t r emendous 
impo r tance in everyday runn ing as a 
means of d i s t r i bu t ing the acce le ra ted p ro ­
tons to the m a x i m u m number of expe r i ­
menters — we re v i r tua l ly neg lec ted at the 
des ign s tage of the PS (apart f r om one 
repor t w h i c h es tab l i shed that a ce r ta in 
type of e jec t i on wou ld be poss ib le in 
p r inc ip le ) . Maybe one sees here most 
c lear ly jus t how much of a s tep in to the 
unknown these mach ines we re at the t ime . 

Deve lopment w o r k s tar ted more than ten 
years ago on two d is t inc t sys tems : fast 
e jec t ion (e jec t ion of the who le beam or 
part of the beam w i th in two m i c r o s e c o n d s 
— the t ime taken for the beam to t rave l one 
tu rn in the mach ine) and s low e jec t i on 
(p roduc t ion of a long burst of p ro tons) . 
It invo lved ent i re ly new appara tus fo r 
w h i c h there was very l i t t le t echno log i ca l 
p receden t — fast k i cker magnets and 
sep tum magne ts fo r shor t and long pu l ­
ses, t oge the r w i th pu lse genera to rs for 
shor t h igh vo l tage pulses or long h igh 
cur ren t pu lses. Th is deve lopmen t w o r k 
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The new magnet power supply commissioned 
in 1968 which increases the repetition rate of the 
PS to about twice its previous value for normal 
operation. 

Some figures from ten years of PS operation. 

* The figures for 1969 are taken up to the start 
of the shutdown on 11 October. 

** The bump in 1966 for the percentage of time 
lost was mainly due (18.1 °/o) to the major 
breakdown of the magnet power supply. 

cont inues today as the demands become 
st i l l more str ingent. 

When it became clear dur ing 1969 that 
exper iments wi th high energy neutr inos 
cou ld be performed at the PS, provided 
the whole accelerated beam was avai lable 
to the exper iment, the development of the 
fast e ject ion system was pushed wi th high 
pr ior i ty. The f irst tests on fast e ject ion 
into the South Hall were made in spr ing 
1963, and the f irst neutr ino exper iment 
took place dur ing the summer of the same 
year. 

Though unchanged in its basic concept , 
the fast e ject ion system has s ince been 
improved and almost ent irely rebui l t . It is 
now very f lexib le as far as e ject ion energy, 
number of bunches e jected, and number 
of shots per cycle are concerned, e ject ing 
equal ly wel l towards the East and South-
East Halls and soon also towards the 
Intersect ing Storage Rings. The excel lent 
per formance of the present system — 
using a k icker magnet of smal l aperture 
wh ich is pushed into the machine aperture, 
in eaôh cycle — has decreased, for the 
moment, the urgency of changing over to 

a system wi th a stat ic fu l l -aperture magnet. 
However,, for high intensity operat ion wi th 
the concomi tant larger beam size and 
higher radiat ion levels in the ring tunnel , 
such a system is being buil t . 

The study of s low eject ion began to­
wards the end of 1960 when it was real ized 
that betatron resonances could be put to 
use to make protons jump the current 
str ip of a septum magnet. Schemes pre­
viously considered y ie lded very low ef f i ­
c iencies. The f irst s low eject ion for test 
purposes was achieved in August 1963 
into the South Hall and two years later a 
s low e jected beam became avai lable in 
the East Hal l . A large amount of work 
went into the adapt ion of a number of 
components of the synchrotron, into the 
stabi l izat ion of pulsed currents, and into 
making the necessary measuring equip­
ment. In fact, it took almost up to th is 
10th Anniversary of the machine to f ind 
designers and users of the system equal ly 
content — or at least moderately so — 
the former as to ef f ic iency and the under­
standing of what happens, and both part ies 
as to the durat ion and the smoothness of 

the proton burst. The next generat ion of 
s low eject ion systems is already being 
studied a iming to achieve sti l l h igher 
ef f ic iency and to have paral lel running 
wi th internal targets. 

Power supply 
Meanwhile.. . in an ad jo in ing bui ld ing, many 
tons of rotat ing plant have been provid ing 
the surges of power for the PS magnet. 
The magnet power supply is obviously 
cruc ia l to the operat ion of the machine. 
When the power supply stops, everybody 
stops. It is also perhaps the most vulner­
able component of the machine, having 
to wi thstand a f ierce mechanical cyc le 
every t ime the PS pulses. The f irst power 
supply, that came into operat ion in 1959 
and saw the PS through its f irst nine years, 
had its t roubles, but there was only one 
very ser ious fa i lure and that was after 
40 924 500 pulses. 

A new power supply is now in act ion and 
the or ig inal one stands by as a spare. The 
power supply history can thus be d iv ided 
into two parts. In the first, up to the end 
of 1965, the or ig inal power supply was 
developed in several steps to its f inal 
status. In the second the new power supply 
was des igned, bui l t and brought into oper­
at ion to give a substant ia l increase in the 
pulse repet i t ion rate of the PS. 

In May 1960 the f irst improvement of 
the or ig inal power supply was carr ied out 
when the gr id contro l of the main rect i f iers 
was modi f ied in order to make a ' f lat- top' 
on the magnet cyc le wh ich was necessary 
for product ion of a long spi l l of part ic les 
f rom a target. This had not been speci f ied 
in the or ig inal des ign. In November of the 
same year a fur ther modi f icat ion to the 
gr id contro l gave a f lat- top of good qua­
lity having a uni form r ipple wi th a basic 
f requency of 600 Hz. However, the repro­
duc ib i l i ty f rom cyc le to cycle of the maxi ­
mum f ie ld was not sat isfactory (varying 
wi th in 2 % ) and the vol tage r ipple dur ing 
f lat- top was high (more than 2 kV peak to 
peak). 

The reproducib i l i ty problem was solved 
in Apr i l 1961 when a mean speed regu­
lator was brought into service. This result­
ed in a cycle to cyc le reproducib i l i ty of 
better than 0.1 % . 

CERN/PI 16.3.68 
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In October 1961 a new M-pulse genera­
tor was put into service produc ing precise 
t iming pulses in a f ixed relat ion to the 
magnet cycle. This was necessary for 
general contro l and measurement. The 
t iming improved fur ther in 1963 when a 
new master t imer came into act ion. The 
general t iming was then adapted to new 
operat ional condi t ions and its rel iabi l i ty 
was improved. 

The problem of high vol tage r ipple dur­
i n g f lat- top was largely solved in 1963 
when a dynamic r ipple f i l ter reduced it 
to 30 to 40 V peak to peak. This was 
vital for the operat ion of the s low eject ion 
system but also improved in general the 
f lat- top operat ion. 

In December 1965 the last of the major 
modi f icat ions to the or ig inal power supply 
was carr ied out when a new gr id contro l 
was put into service giv ing more f lex ib i l i ty 
in the magnet cycle (such as mul t ip le f lat­
top operat ion) and better rel iabi l i ty. 

It was the fo l lowing February that the 
major fai lure of the power supply occur red . 
Circular steel bands cover ing the overhang 
part of the rotor w ind ings in the main dr iv­
ing motor ruptured ei ther due to fat igue 
or to local overheat ing caused by a short 
c i rcui t . The PS was out of act ion for 3 V2 
months whi le repairs, using a new techn i ­
que to improve rel iabi l i ty, were carr ied out. 
The new power supply had been ordered 
the week before the breakdown ! 

The new supply was planned as part of 
the improvement p rogramme of the PS, 
the aim being great ly to increase the num­
ber of protons accelerated per second. 
Whi le developments on the main r ing and 
part icular ly the addi t ion of the synchrot ron 
in jector wi l l increase the number of pro­
tons per pulse, the role of the new power 

supply is to increase the number of pulses 
per second. Its design drew heavi ly on 
exper ience wi th the or ig inal supply. 

It came into operat ion in September 1968 
and roughly doubled the pulse repet i t ion 
rate. In Apr i l of this year, a f i l ter was 
added in the al ternator exci ter rect i f ier to 
improve the f lat- top stabi l i ty. In July, the 
gr id contro l was replaced wh ich has result­
ed in a much better overal l shape and 
reproducib i l i ty of the f lat- top. 

Operation 
Operat ion of the PS has also been an 
adventure in the sense of always moving 
ahead confront ing new problems. The oper­
ators have never been able to rest on 
their laurels wi th a machine that they 
could handle thoroughly we l l , for the 
potent ial i t ies of the machine have been 
cont inual ly developing both in terms of 
intensity and of versat i l i ty in prov id ing 
part ic les for the exper iments. 

Al l these improvements could be made 
thanks to the numerous addi t ions and 
modi f icat ions to the machine and the 
increased understanding of the physics of 
the accelerator . The operators proved 
capable of making good use of the new 
tools as they became successively avai ­
lable and their part in the success of the 
PS is s igni f icant. They have l ived through 
many landmarks in machine per formance, 
and have enjoyed them wi th other people 
who helped prepare the achievements. But 
operat ing staff have been also on the 
receiving end of the compla ints of those 
most demanding customers — the exper i ­
mental physicists. It has helped that over 
the years they began to acqui re a better 

understanding of the desires and worr ies 
of the physic ists running their exper iments. 

During 1960, a large percentage of the 
running t ime was devoted to studies of the 
accelerator itself, mainly per formed by the 
designers. It soon became clear, however, 
that cont inuous running for exper imenta l 
physics should be entrusted to a profes­
sional operat ing staff and this has been 
done f rom the end of 1962. A staff s t rength 
in the Main Control Room (MCR) of one 
shift engineer and two operators has been 
kept constant over the years — in spi te of 
the var ious extensions for new equipment 
and of the more complex operat ional 
schemes. This was accompl ished by intro­
duc ing job- ta i lored controls, improved 
operat ing procedures and, more recently, 
by involving more and more a process 
contro l computer . 

To make the most eff ic ient use of the 
accelerated protons has been one of the 
guid ing pr inc ip les in the development of 
the machine. In 1960, short and long beam 
spi l ls were produced on internal targets, 
but they were not perfect — there was 
a lack of stabi l i ty in the spi l l and the spi l l 
rate on the target was not constant. The 
in t roduct ion of an e lectronic f i l ter in the 
main magnet power supply in 1962 resulted 
in an almost complete suppression of the 
r ipple modulat ion in the beam spi l l . In 
1963 new target mechanisms came into 
operat ion wi th accurate radial and ver t ica l 
posi t ioning of the target heads and a servo-
system to keep the spi l l rate constant. 
With comple te mastery of s imul taneous 
target shar ing techniques, one conc luded 
a line of development on produc ing beams 
f rom internal targets. Further ref inements 
were in t roduced later, but the next big 

343 



The first fast ejected beam from the PS was 
obtained on 12 May 1963. This photograph shows 
the beam lighting up blocks of plastic scintillator 
as it travels in air on its way into the South Hall. 

CERN/PI 65.5.63 

step forward was not made unti l the con ­
st ruct ion in 1968,of fast moving targets, 
wi th wh ich the t ime needed between 
successive operat ions in the same machine 
cyc le is reduced. 

The PS in 1963 was the f irst acce lerator 
to have fast e ject ion. Numerous improve­
ments to the e ject ion system made it a 
very rel iable tool and it has taken over, 
f rom internal targets, the major i ty of the 
work for bubble chambers. 

Three months later, the f irst s low e jected 
beam was obta ined f rom the machine. 
Contrary to fast e ject ion, s low e ject ion d id 
not then create much interest amongst 
the exper imental is ts as they were happy 
wi th the internal target operat ion and the 
possible advantages of s low e ject ion cou ld 
not easi ly be assessed. The f irst exper i ­
ments using a s low ejected beam started 
in 1965 and more fo l lowed the next year 
using a more permanent beam arrange­
ment. 

Operat ing the s low eject ion system has 
been a headache for the operators f rom 
the start because of the incomplete under­
standing of the s low eject ion process and 

the hardware problems involved. The per­
formance of the system has, however, been 
s igni f icant ly improved this year : h igher 
ef f ic iencies, longer spi l l t imes and less 
structure. At this point it is perhaps appro­
priate to remember that s low eject ion 
offers important advantages over internal 
target ing : reduct ion of proton losses in 
the machine (essential for future high in­
tensity operat ion) and more f reedom in 
the lay-out of secondary beams around 
the target. 

Eff icient use of the accelerated beam is 
rather di f f icul t to def ine, but the other aim 
in machine development is s imple to def ine 
— to increase the beam intensity. Beam 
intensity depends, in the f irst p lace, upon 
the intensity and qual i ty of the beam acce l ­
erated up to 50 MeV in the Linac. The 
impressive improvements in the Linac 
beam in the course of the years have 
made it possible to obtain higher inten­
sit ies in the PS. 

During the first months of operat ion, 
accelerat ion of up to 2.10 1 0 p/p was achiev­
ed wi th a Linac beam up to 5 mA, but a l ­

ready by the summer of 1960 unexpectedly 
good intensit ies were obta ined : 30.10 1 0 p/p 
wi th about 15 mA f rom the Linac. The 
intensity cont inued to show considerable 
increases up to 1964 and the PS managed 
to beat the Brookhaven AGS by a short 
head in reaching the f igure of 1 ter rapro-
ton/pulse (10 1 2 p/p). In the fo l lowing years 
the intensity only increased sl ight ly des­
pite much more intense Linac beams — 
up to 140 mA — obta ined wi th a new 
pre in jector in 1966. Many other factors 
also determine beam intensity, such as 
magnet ic condi t ions at in ject ion, the r.f. 
accelerat ing system, vacuum pressure, 
space charge effects, and adequate instru­
mentat ion. Further work on these factors 
resulted in a spectacular jump in intensity 
to over 200.10 1 0 protons per pulse this year. 
In addi t ion, the coming into operat ion of 
the new main magnet power supply in 
1968 has more than doubled the pulse 
repet i t ion rate of the machine. 

After ten years the sense of adventure 
in PS operat ion st i l l remains. In the imme­
diate future there are the chal lenges of 
sti l l fur ther increasing the PS intensity 
wi th a longer Linac pulse in ref ined mul t i -
turn in ject ion and r.f. capture, improving 
s low eject ion ef f ic iency wi th a thin e lec­
t rostat ic septum, and master ing the s low 
e jected beam structure. 

Experimental Halls 
and Equipment 
It is in the exper imenta l halls of the PS 
that the act iv i t ies of nearly every Division 
in CERN come together. The exper imenter 
is in f luenced in his concept of the exper i ­
ment by the theoret ic ian and he is also 
in f luenced, and perhaps l imi ted, by a host 
of other people — by the e lectr ical eng i ­
neer who th inks in MVA, by the e lectronic 
engineer who th inks in nanosecond pulses, 
and by the pipe-f i t ter, mason, w i reman, 
mechanic, e lect r ica l f i tter, all of whom 
contr ibute to the ul t imate success of the 
exper iment. The computer programmer 
and the comput ing capaci ty he has avai ­
lable may seem remote f rom the hardware 
on the exper imenta l hall f loor but he too 
ref lects back in terms of the t ime taken 
for an exper iment . And , of course, the 
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exper imen ta l hal ls and equ ipmen t feel the 

ub iqu i tous in f luence of the man f rom 

f inance . These are al l a d d e d to the in f lu ­

ence of the pe r f o rmance of the PS itself. 

Ef f ic ient p lann ing and o rgan iza t ion of 

the exper imen ta l fac i l i t i es invo lv ing so 

many d i f ferent p ro fess ions t o o k t ime to 

deve lop . When the PS f i rs t ope ra ted in 

1959, somewha t ahead of the most op t i ­

mis t ic expec ta t ions of the expe r imen te rs , 

CERN w a s jus t not ready to beg in an 

exper imen ta l p r o g r a m m e . Now, w i t h ten 

years exper ience , the p r o g r a m m e is d e n ­

sely packed — in space and in t ime — 

and the exper imen ta l fac i l i t i es are vast and 

st i l l g r o w i n g . Wha t f o l l ows is a h is to r i ca l 

run- th rough of s o m e of the ma jo r events 

of the past ten years . 

Dur ing 1959, the re w a s ac t ive p repa ra ­

t ion fo r a somewha t i l l -de f ined e x p e r i m e n ­

ta l phys ics p r o g r a m m e . Beam t ranspor t 

magnets and quad rupo les w e r e des igned 

and o rde red . The Sou th Genera to r House 

was bu i l t and o rde rs we re p laced fo r the 

f i rs t genera to rs to power expe r imen ta l 

equ ipmen t and fo r a wa te r - coo l i ng sys tem 

to coo l the magne ts in the Sou th Ha l l . But 

when the PS s ta r ted to run fo r phys ics 

exper imen ts at the beg inn ing of 1960, none 

of the i tems had a r r i ved . The f i rs t beams 

we re made w i t hou t lenses and w i t h m a g ­

nets begged or b o r r o w e d f r o m var ious 

sources . We ld ing genera to rs w e r e put into 

serv ice as power supp l i es and the o rd ina ry 

t o w n wa te r w a s used fo r c o o l i n g . S o m e ­

th ing l ike a th i rd of the Sou th Hal l was 

st i l l a w o r k s h o p and the Nor th Hal l was 

st i l l be ing used as an assemb ly area by 

the PS Div is ion . (The East Hal l w a s at the 

p re l im inary p lann ing stage.) 

In March there was the f i rs t bubb le 

c h a m b e r run w i t h the 30 c m hyd rogen 

bubb le chamber w h i c h took th ree days 

and n igh ts co l l ec t i ng 50 000 p ic tu res . Th is 

was known as T h e Long Run ' p r e c e d e d 

by a mounta in of m e m o r a n d a rang ing f rom 

ins t ruc t ions to t he Eng inee r - i n - cha rge to 

feed ing a r rangements . The magne t of 

the c h a m b e r was powe red by a genera to r 

at the synch ro -cyc lo t ron v ia a cab le l ink 

to the PS. 

By the end of 1960, qu i te a n u m b e r of 

beam t ranspor t i tems had a r r i ved , the 

wa te r coo l i ng equ ipmen t and the new 

genera to rs had been put into serv ice . A t 

the far end of the South Hal l , in add i t i on 

to t t ie 30 cm chamber , t he re was now the 

Eco le Po ly techn ique Heavy L iqu id C h a m ­

ber. The re were a l ready 12 g roups us ing 

the PS, and the exposures m a d e by the 

Emuls ion Group had a l ready gone to 32 

Labora to r ies , 11 of w h i c h we re in non -

m e m b e r States. 

Dur ing th is t ime many p rob lems had to 

be f a c e d : rad ia t ion safety, the use of l iqu id 

hyd rogen and the ef f ic ient use of the p ro ­

tons ava i lab le f rom the PS. Targe t shar ing 

was i n t roduced so that a bubb le c h a m b e r 

(short burst) and e lec t ron ics expe r imen ts 

( long spi l l ) cou ld be served on the same 

PS cyc le . 

In 1961 there was a large ex tens ion in 

the phys ics fac i l i t ies . The 81 cm hyd rogen 

c h a m b e r f rom Saclay, the CERN Heavy 

L iqu id Chamber and the Wi l son C loud 

Chamber (CERN/ETH) came into ope ra t i on . 

A lmos t al l of the Nor th Hal l and a la rger 

share of the South Hal l we re m a d e ava i ­

lab le fo r phys ics . 

The f i rs t e lec t ros ta t i ca l l y separa ted 

beam w a s made for low m o m e n t u m an t i -

p ro tons to go into the 81 c m chamber . 

The t w o separa to rs were made by the 

Univers i ty of Padova (one of t h e m , Zad ig 

No. 1, is st i l l in use af ter cons ide rab le mo­

d i f i ca t ions and some lenses w e r e bor­

rowed f r om Saclay. By the end of the year, 

the f i rs t two of the CERN 10 m e lec t ro ­

stat ic separa to rs had been b rough t into 

ope ra t i on , one for the beam in the Nor th 

Hal l and one in the South Ha l l . 

De l ivery of a second ba tch of beam 

t ranspor t equ ipmen t s tar ted and , by the 

end of the year, a th i rd o rde r of 55 a d d i ­

t iona l beam t ranspor t e lements was p lac­

ed . Th is was done w i th the fu tu re East 

Hal l in m ind . 

The ma in c iv i l eng ineer ing w o r k fo r the 

East Hal l w a s comp le ted du r ing 1962, t oge ­

ther w i t h the East Genera to r Bu i l d i ng , and 

it c a m e into use the fo l l ow ing year fo r the 

f i rs t t echn i ca l runs w i th the 1.5 m Br i t i sh 

Nat iona l Hyd rogen Bubb le Chamber . 

In 1963 the newly ins ta l led fast e jec t i on 

sys tem was used for the neut r ino expe r i ­

ment w i t h the CERN Heavy L iqu id C h a m ­

ber as p r inc ipa l detec tor . E lec t ron ic expe ­

r iments we re then be ing served in the 

South and East Hal ls by shar ing the long 

spi l l us ing a servo- target . 

In 1964 the 1.5 m c h a m b e r s ta r ted oper ­

a t ing success fu l l y w i th the 02 beam w h i c h , 

w i th its 30 m of e lec t ros ta t i c separa tor , 

was ab le to g ive a reasonab le y ie ld of 

6 GeV/c kaons . Late in the year, the 2 m 

hyd rogen c h a m b e r had its f i rst coo l d o w n 

and p re l im ina ry tests, and beams w e r e 

p repared fo r its use in the f o l l ow ing year . 

There w e r e then f ive bubb le c h a m b e r s 

a round the PS. 

In the Sou th Hal l , in the ma in , the 

p r o g r a m m e and the beams con t i nued as 

before and the f i rs t use in CERN of a c o m ­

puter on- l ine took p lace in the Miss ing 

Mass Exper iment . 

S tud ies w e r e under way on new sepa ­

rators and new types of beam t ranspor t 

e lements . In par t icu lar , the deve lopmen t 

of new a lum ina coa ted e lec t rodes led to 

the f i rs t success fu l tests, under expe r i ­

menta l cond i t i ons , of a 3 m separa to r in 

w h i c h the e lec t r i c f ie ld g rad ien t , fo r a 

g iven gap , was near ly d o u b l e d . Th is re­

p laced a 6 m separa to r w i th s ta in less s teel 

e lec t rodes . The s tud ies on beam t ranspor t 

e lements w e r e m a d e w i th an eye to i n ­

c reas ing the over-a l l beam layout e f f i ­

c iency ; a numbe r of these e lements w e r e 

o rde red for de l i ve ry in 1965. 

Dur ing 1964 there were many wo r r i es 

that t he re w o u l d not be su f f i c ien t powe r 

on the s i te to car ry out the PS e x p e r i m e n ­

tal p r o g r a m m e as p lanned , and fo r a 

wh i le the use of la rge magnets had to be 

s tagge red . However , th is p rob lem w a s 

reso lved w i t h the he lp fu l coope ra t i on of 

the Serv ices Indust r ie ls de Genève. 

Three new e jec ted beams c a m e into 

opera t i on in 1965, two of t hem fo l l ow ing 

the same l ine (fast o r s low e jec t i on f rom 

s t ra igh t sec t ion 58 to the East Hal l) and 

pro tons were t ranspor ted for the f i rs t 

t ime into the East Hal l . In the Sou th Ha l l , 

fast e jec t i on f rom s t ra ight sec t ion 1 , at 

11 GeV/c , w a s used to in jec t p ro tons in ­

to the muon s to rage r ing fo r the g-2 expe ­

r iment . 

The g r o w i n g use of e jec ted p ro ton 

beams so lved s o m e p rob lems, but a lso 

c rea ted new ones. The in tens ive s tud ies 

made fo r a new neut r ino beam s h o w e d 

that a neu t r ino ins ta l la t ion in the Sou th 
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A view of the congested East Hall taken in 
September before the present PS shutdown. 
In the photograph can be seen the beam-lines, 
the huts which serve as local control rooms for 
the experimentalists (many housing on-line 
computers) and, everywhere, concrete shielding 
blocks. 

CERN/PI 122.9.69 

Hall would be an ineff icient and unsatis­
factory arrangement. It was dec ided there­
fore to have an independent neutr ino area 
wi th an eject ion system start ing f rom 
straight sect ion 74. 

The 2 m hydrogen chamber was fed wi th 
10 GeV/c negative kaons f rom the new r.f. 
separated beam using the new fast e jec­
t ion system ; pr ior to this a pre l iminary 
test of the r.f. beam had been made using 
an internal target together wi th the 1.5 m 
chamber. The 1.5 m chamber comple ted 
its programme of physics and prepared 
to leave CERN. 

The plans that had been made for new 
beams were complete ly re-evaluated at the 
t ime of the breakdown of the magnet 
power supply early in 1966. This af fected 
part icular ly the East Hall where all the 
beams were remade. The const ruct ion of 
the new neutr ino area (to be known later 
as the South-East Area) began and plans 
were made for instal l ing the heavy l iquid 
chamber, Gargamel le, at the end of the 
neutr ino area. 

For the f irst t ime, in 1967, only e jected 

beams were used into the East Hal l . The 
s low ejected beam from straight sect ion 
62 was d iv ided into three pr imary proton 
beams feeding a complex of f ive secon­
dary beams. 

The neutr ino area had its f irst run 
wi th the CERN Heavy Liquid Chamber 
f i l led wi th propane and took 1.1 mi l l ion 
pictures wi th a spark chamber exper iment 
co l lect ing data at the same t ime. Soon 
after the neutr ino run had f in ished, the 
Heavy Liquid Chamber was moved to the 
so-cal led 'Jet-Area' behind the 2 m cham­
ber. 

At the beginning of 1968, the 'Jet-Area' 
was brought into operat ion. The beam 
used was a short extension of the r.f. 
separated beam feeding the 2 m chamber, 
and those part ic les that did not interact in 
the 2 m chamber were t ransported on into 
the Heavy Liquid Chamber. 

In summer 1968, there was an abnor­
mal ly long shutdown of four months for 
p ierc ing the PS shielding wi th the tunnels 
towards the ISR and the Synchrot ron In­
jector . In th is per iod, pract ical ly all beams 
were ei ther considerably modi f ied or c o m ­

pletely rebuil t . In the South Hal l , wi th the 
complet ion of the g-2 experiment, the 
fast e jected beam was removed. 

The pattern of beams in the Halls has 
remained essent ial ly the same dur ing 1969. 
Nevertheless two major modi f icat ions took 
place in the s low ejected beam complex 
in the East Hal l . There are only two targets 
in series in the proton beam instead of 
three, wh ich has eased some of the opera­
t ional problems exist ing previously. The 
instal lat ion of a s topped kaon beam f rom 
an external target gave a forewarning of 
the problems that wi l l be faced when the 
PS intensity is great ly increased ; instal la­
t ion had to be carr ied out in a compact 
shie ld ing area where induced radioact iv i ty 
levels were h igh. 

Early this year, k11, the f irst secondary 
beam in the South East Area, was used in 
con junct ion wi th the CERN Heavy Liquid 
Chamber. The programme was interrupted 
when a f i re broke out on the magnet ic 
horn that was under test in an anci l lary 
tunnel . A few days later, the 2 m chamber 
took its ten mi l l ionth picture. 
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And to come... 
A brief sketch of the further developments in 
PS performance and in experimental facilities 
which will come about in the next few years 
in the context of the PS Improvement Programme 
and the coming into operation of the Intersecting 
Storage Rings. 

At the December Session of the CERN 
Counci l in 1965 an Improvement Pro­
gramme was approved to increase the 
capaci ty of the PS for par t ic le physics at 
energ ies up to 28 GeV. This programme 
has f ive prongs : 
1. To increase the PS repet i t ion rate by 
instal l ing a new magnet power supply 
2. To increase the PS accelerated beam 
intensity by means of a new higher energy 
in jector (second stage of PS improvement 
programme) 
3. To provide faci l i t ies for Gargamel le , a 
large heavy l iquid bubble chamber buil t 
by Saclay 
4. To bui ld a large hydrogen bubble cham­
ber (BEBC) in cooperat ion wi th France 
and Germany 
5. To bui ld a large spect rometer magnet 
and spark chamber system (the Omega 
project) . 

At the same meet ing, the Intersect ing 
Storage Rings (ISR) pro ject was approved 
and in addi t ion to the storage r ings them­
selves was inc luded an exper imenta l hall 
for 28 GeV physics (the West Hall), some­
what larger than the total area of the 
exist ing South, North and East Halls. 

To date, the f irst point of th is programme 
is completed — the new main magnet 
power supply was commiss ioned in mid 
1968; the rest of the programme is sched­
uled to come into operat ion as fo l lows : 

1970 eject ion f rom PS towards ISR, 
commiss ion ing of Gargamel le 

1971 commiss ion ing of ISR and BEBC 
1972 commiss ion ing of Omega and the 

higher energy in jector (the Syn­
chrotron In jector or Booster). 

Thus, in the next three years the com­
plexi ty of the PS faci l i ty wi l l increase 
considerably. BEBC, Omega and other 
e lect ron ics exper iments in the West Hall 
wi l l require both fast and s low e jected 
beams down the same channel . The tech­
nique of shar ing s imul taneously between 
this s low eject ion and the internal target 

in stra ight sect ion 1, feeding the South 
Hall exper iments, must be developed, and, 
as now, fast e jected beams wi l l be neces­
sary in the East Hall (for the 2 m chamber) 
and the South East Area (for Gargamel le) . 
Al l th is dur ing the same machine cyc le. 

The ISR wi l l make more str ingent de­
mands on the qual i ty of the accelerated 
beam; the PS wi l l become an in jector 
and not just a provider of protons for 
internal or external targets. 

Al l these operat ions wi l l have to be 
carr ied out wi th a beam intensity an order 
of magni tude greater than in 1968. The 
double problem facing the PS is, f i rst ly, 
the product ion of this higher intensity, 
wi th the min imum beam blow-up, and, 
secondly, l iving wi th this beam once it 
has been achieved. 

The f irst proposal to increase the PS 
intensity per pulse was to replace the 
50 MeV Linac by a Linac of 200 MeV; it 
was demonst ra ted, however, that a mul t i -
ring s low-cyc l ing booster synchrot ron 
operat ing between 50 and about 800 MeV 
wou ld , for about the same cost, give more 
f lexib i l i ty and greater development possi ­
bi l i t ies, part icular ly for the ISR. A deta i led 
design study for a four-r ing booster (des­
cr ibed in CERN COURIER vol . 8, page 3) 
was completed in 1967 and in January 
1968 the Synchrotron Injector Division was 
formed to bui ld it. 

With adding the Synchrot ron Injector, 
considerable modi f icat ions are necessary 
to the PS itself. The repeti t ion rate of the 
Linac must be doubled and its beam pulse 
length increased to 100 p,s. In order to 
cope wi th the increased beam loading 
due to the higher intensity beam and to 
provide the higher accelerat ing vol tages 
necessi tated by the increased rate of rise 
of the magnet ic f ie ld, the r.f. accelerat ion 
system wi l l be replaced. Sputter ion pumps 
are being instal led to improve the vacuum. 
A variety of instrumentat ion wi l l be added 
to keep a good watch on, and good con ­
trol of, the beam. 

In order that beam losses (and thus 
induced radioactivi ty) are kept wi th in man­
ageable l imits the average operat ional 
ef f ic iency of e ject ion must be kept very 
close to the peak eff ic iency obta inable, 
despi te the necessity of shar ing wi th 
targets. To this end considerable effort 

is going into computer contro l of e ject ion. 
Here again good instrumentat ion is of 
great impor tance. Equipment inside the 
ring and especia l ly around internal and 
external targets and eject ion systems must 
be radiat ion hardened and designed for 
rapid maintenance (or maintenance by 
remotely-contro l led manipulator) . 

By the mid-1970's the PS complex really 
wi l l be complex. A proton leaving the ion 
source wi l l have a wide variety of oppor­
tuni t ies for its immediate future. It wi l l be 
accelerated to 50 MeV in the Linac. From 
there it can go into any one of four ver t i ­
cal ly s tacked rings in the synchrotron 
in jector where its energy wi l l be taken to 
800 MeV (crossing the Franco-Swiss bor­
der over a mi l l ion t imes in the process) 
before being transferred (in var ious possi ­
ble combinat ions wi th its f r iends who went 
into the other three rings) into the main 
PS r ing. There it can be taken to peak 
energy of 28 GeV and then the possibi l i t ies 
really open wide. It can remain in Switzer­
land and be f i red into an internal target 
to feed exper iments in the South Hal l , 
s low e jected to feed exper iments in the 
East Hal l , or fast e jected to feed ' loca l ' 
bubble chambers — Gargamel le or the 
2 m hydrogen. It can return to France and 
travel several k i lometres to the West Hall 
being s low e jected for the Omega or fast 
e jected for BEBC. If it is not t i red of going 
round and round, it can spend as much 
as a ful l day at it by choosing fast e ject ion 
into one or other of the storage r ings. 

Hopeful ly all these manoeuvres wi l l not 
in fact be at the wi l l of the proton but 
under the contro l of the PS operators. 
However, br ing ing all these systems into 
operat ion together eff ic ient ly is a cha l ­
lenge wh ich sustains the interest wh ich 
f i red the f irst bui lders of the PS. 

The PS : past, present and future. Drawn in black 
are the Linac, the PS ring and the North (1) and 
South (2) Experimental Halls which existed 
in 1959. 
In hatched red are the additions up to 1969 — 
the East Experimental Hall (3), the 2 m bubble 
chamber (4) and the South East Area (5) to be 
used eventually for Gargamelle. 
In red are the coming additions — the 
synchrotron injector (SI), the intersecting storage 
rings (ISR) with the beam transfer lines (6) and 
experimental halls (7, 8), the West Experimental 
Hall (9) and the large European bubble chamber 
(10). 
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A list of Universit ies, Insti tutes and Laborator ies who have part ic ipated in the 

exper imental programme of the proton synchrot ron dur ing the past ten years. This 

par t ic ipat ion may have been in e lect ron ics exper iments, in f i lm analysis f rom bubble 

chambers or in nuclear emuls ion analysis. Teams f rom many centres, especial ly of 

course those f rom CERN Member States, have been heavily involved in the programme 

for many years. Others have par t ic ipated only br ief ly but al l have drawn some mater ial 

for their physics research f rom the PS. 
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Research at the PS 
Two articles bringing out some of the highlights 
of the particle physics research carried out at 
the proton synchrotron during the past ten years. 
The articles divide between the two techniques 
— 'electronics' experiments involving the use of 
counters and spark chambers, and bubble 
chamber experiments involving the use of 
hydrogen and heavy liquid bubble chambers. 

1. Electronics 
experiments 

G. Cocconi 
During the past ten years, a good f ract ion 
of the research at CERN has centred on 
the use of the proton synchrot ron. The 
nature and the qual i ty of th is research are 
so int imately connected wi th the poss ib i ­
l i t ies offered by the accelerator , that, in 
t rac ing the history of this per iod , it is not 
c lear whether the main responsibi l i ty for 
the achievements (and even for the few 
fai lures) rests wi th the physic ists who 
per formed the exper iments or wi th the 
engineers who operated the accelerator 
and organized the exper imenta l hal ls. 

As a physicist who spent most of this 
t ime around the PS, I w i l l present my 
recol lect ions and my apprec ia t ion of the 
research wi th the so-cal led 'electronics* 
techniques, i.e. wi th apparatus incorporat­
ing detectors giv ing e lect ron ic responses, 
such as scint i l la t ion counters, Cherenkov 
counters, and spark chambers. 

At the beginning of 1960, when 25 GeV 
protons f irst started to hit the PS internal 
targets regularly, the relat ively smal l group 
of physicists present at CERN was not 
really ready for exper iment ing wi th the 
var ious possible beams of secondary par­
t ic les. Though this is a s i tuat ion that easily 
arises whenever a faci l i ty far super ior to 
the already exist ing ones enters into oper­
at ion, in 1960 our preparat ion was abnor­
mal ly poor : in post-war Europe there was 
no t radi t ion of high energy research, and 
in CERN (only a few years old) most of the 
act iv i ty had been devoted to the construc­
tion of the accelerator itself. In 1960, the 
secondary beams were analyzed using a 
total of only three smal l bending magnets 
(borrowed f rom the 600 MeV synchro­
cyclotron) and wi th no quadrupoles. Only 
at the beginning of 1961 did the f irst 
s tandard 1 and 2 m bending magnets 
arr ive, and also some quadrupoles, and by 
the end of that year we cou ld count on 20 
units (now we have about 400 units). For­
tunately, good e lectronics, w i th resolving 
t imes in the nanosecond range, was avai­
lable in si tu, thanks to the research wh ich 

had been in progress for some years at 
the synchro-cyc lot ron. Also, the analysis of 
the secondary beams was fac i l i ta ted by 
the avai labi l i ty of a di f ferent ial Cherenkov 
counter that a group in CERN had bui l t 
and studied in advance. 

This s low start explains why the f irst 
results were rather modest, and gives more 
meaning to the present f lour ish ing status 
of European high energy research. A l ­
though it would be interest ing to fo l low, 
year by year, the chronic le of all exper i ­
mental achievements, I wi l l select only a 
few l ines of research that have f lour ished 
at the PS. 

As a f irst example I wi l l take the ser ies 
of 'missing-mass' measurements. In a co l ­
l ision between two part ic les, the deta i led 
measurement of the momentum spect rum 
of one of the part ic les emerg ing f rom the 
interact ion gives valuable informat ion 
about the mass of the 'miss ing ' body fo rm­
ed by al l , the other part ic les p roduced. 
Measurements of this kind i n proton-proton 
col l is ions were started at the very beg inn­
ing of PS operat ion, and showed that the 
missing masses which are associated wi th 
the product ion of a baryon preferred some 
wel l -def ined values, the f irst indicat ion of 
what is known today as the 'per iphera l ' 
product ion of baryonic states. 

The same pr incip le, appl ied in 1964 to 
p ion-proton col l is ions, where bosons plus 
one proton are produced, led to the d isco­
very of several massive mesons. The 
search for meson resonances soon took 
advantage of a new technique : the wi re 
spark chamber, which was invented at 
CERN by F. Krienen and wh ich is now, 
connected on-l ine wi th a computer , of 
wide-spread use in high energy research. 

An aim of the missing-mass exper iments 
is to f ind how large is the populat ion of 
exc i ted baryons and mesons. So far, more 
and more exci ted states have been d isco­
vered as higher and higher mass regions 
have been invest igated. We do not know 
how far the complex i ty of hadronic matter, 
this matter that can be created by pumping 
energy into a few part ic les, can go. Is 
there a 'uranium' for these part ic les ? It 
is to pursue this kind of research into the 
region where sti l l heavier bosons cou ld 
be produced, that a CERN-Swiss group is 
prepar ing to work wi th the more energet ic 

part ic les avai lable at the 76 GeV Serpu­
khov accelerator . 

Another avenue of research that has a 
strong CERN impr int is the study of pro­
ton-proton scat ter ing. This started in the 
very f i rst years of PS operat ion, when the 
proton beam was that scattered out of 
an internal target. Later (1965) the study 
benef i ted great ly f rom the existence of an 
e jected pfoton beam. (The slow eject ion 
was by itself a remarkable feat of the 
CERN accelerator experts.) Precise mea­
surements of the proton-proton di f ferent ial 
cross-sect ion at smal l , as wel l as at large, 
scat ter ing angles, revealed that the proton 
is not a point- l ike 'elementary' par t ic le but 
has a complex structure, of about 1 fermi 
(1 x 10~ 1 3 cm) radius, whose boundar ies 
become sharper as the col l is ion energy 
increases. The exper iment is sti l l go ing on 
as one feels that better precis ion and 
higher energies can give a c lue to the 
nature of the complex i t ies hiding inside 
the nucléons. 

The study of neutr ino interact ions is an 
interest ing story. It started unsuccessful ly 
when in 1961 a sti l l inhomogeneous and 
inexper ienced group tr ied to observe inter­
act ions of neutr inos produced by the 
secondary beams created in the PS, and 
made some mistakes in evaluat ing the 
f luxes of part ic les avai lable. In the mean­
t ime, physic ists f rom Columbia work ing at 
Brookhaven, d iscovered that the neutr inos 
produced by muons behave di f ferent ly 
f rom those produced in nuclear beta-decay; 
an unexpected result of deep s igni f icance 
for the understanding of the weak inter­
act ions. 

Further exper iments at CERN, both wi th 
spark chambers and wi th a heavy l iquid 
bubble chamber, coupled wi th or ig inal im­
provements in the handl ing of the second­
ary beams (the famous neutr ino horn of 
S. Van der Meer), brought to Europe other 
important results in this f ie ld . For instance, 
it was found that the proton behaves also 
for neutr inos as a complex body of about 
1 fermi radius, and not as a point, as 
many theoret ic ians expected. Furthermore, 
the neutr ino-nucleon cross-sect ion was 
observed to increase as the energy of the 
neutr ino increases. This suggested that the 
neutr ino, wh ich at the energies explored 
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Wide gap spark chambers detecting charged 
particles in a 'missing mass' type of experiment 
recently completed at the proton synchrotron. 
This particular experiment extended the search, 
which had previously revealed seven new mesons, 
into a range where still heavier mesons could 
be detected. The search is to be extended still 
further in 1970 by a CERN/Serpukhov team at the 
76 GeV proton synchrotron in the Soviet Union. 

thus far interacts wi th matter only very 
weakly, could perhaps become as s t ron­
gly interact ing as the hadrons, at cosmic 
energies. The c lar i f icat ion of th is point 
must wait for accelerators provid ing beams 
of energy substant ial ly h igher than those 
avai lable at present. 

The search into the unknown is pursued 
wi th a high energy machine l ike the PS, 
not only by at tempt ing exper iments that 
can br ing to l ight new unexpected pheno­
mena, but also by test ing the l imi tat ions 
of theor ies whose val id i ty is wel l conf i rmed 
by the exist ing exper imental ev idence. In 
CERN the best example of research of this 
kind is the test of e lec t rodynamics per­
fo rmed by measur ing the magnet ic mo­
ment, j i , of the muon. Quantum elect ro­
dynamics predicts, wi th an uncerta inty of 
some units in the last f igure, that the 
gyromagnet ic ratio of the muon has the 

4 ii value g = - = 2.00 233174. 
eh/mc 

Measur ing the precession of mono-energe­
t ic muons in a magnet ic f ie ld it is possible 
to check this predict ion wi th a prec is ion that 
depends on the energy of the muons. The 
f irst at tempt was started at CERN in 1959 
by a team of European and Amer ican 

physicists, using 200 MeV/c muons produc­
ed by the synchro-cyc lot ron. The result 
(1961) was g = 2.002324 ± 0.000010. This 
conf i rmed the theory wi th in about 1 part in 
10 5. In 1964, a new apparatus was bui l t 
that permit ted the use of 2 GeV/c muons 
f rom the PS, and the work of f ive years 
has now produced the f igure 2.00233232 ± 
0.00000062. This checks the theoret ical 
expectat ion wi th in some parts in 10 7 . We 
are now start ing to assemble an apparatus 
wh ich , using 3.2 GeV/c muons, wi l l permit 
a gain of another factor of at least ten in 
prec is ion. 

Obviously, the possibi l i ty of pushing the 
test of a theory to these l imits has an 
esthet ic beauty in itself, but it also gives 
us more conf idence in our understanding 
of the vast class of phenomena governed 
by e lect rodynamics. On the other hand, as 
the precis ion of these measurements pro­
gresses even further, we wi l l be brought 
inescapably into contact wi th the l imi ta­
t ions of the theory, and wi l l haye to face 
the reasons why the theory is no longer 
val id beyond a certain level. 

I wi l l end this select ive descr ipt ion of 
the PS research programme wi th two 
examples of more recent t rends. One pro­
ject started in 1964, after the discovery by 
Fitch and Cronin at Brookhaven in 1963 
of the anomalous decay of the long-l ived 
(5 x 10~8 s) neutral kaon into two pions — 
anomalous because the decay into two 
pions is permi t ted for the short- l ived 
(8 x 10~ 1 0 s) kaon but should not occur, 
accord ing to the known rules of quantum 
mechanics, for the long- l ived. What pro­
duces this anomaly ? The problem is st i l l 
open, notwi thstanding the concentrated 
effort of many teams of physicists on both 
s ides of the At lant ic . What is involved here 
is the apparent v io lat ion of what was 
bel ieved to be one of the fundamental 
tenets of quantum mechanics, the inva­
r iance of CP (charge and parity con juga­
t ion). 

In CERN, no less than six teams have 
conducted some of the most elaborate and 
ingenious exper iments, involving Cheren-
kov counters, opt ica l spark chambers and 
wi re spark chambers, in an attempt to 
resolve this anomaly. Next year three new 
exper iments wi l l cont inue the search. 

The common aim of the second group of 
' recent t rend ' exper iments is the detai led 
study of the scat ter ing of var ious part ic les 
by protons, so as to be able, for example, 
to establ ish the quantum numbers of the 
resonances produced, or the nature of the 
forces that give rise to the scat ter ing. 

Unti l a few years ago it was hoped that, 
at each energy, the precise measurement 
of the di f ferent ia l cross-sect ion as a func­
t ion of the polar angle of scat ter ing, aver­
aged over all azimuthal angles, could give 
suff ic ient in format ion. It turned out that 
whi le this is perhaps true for the study of 
the states wi th the lowest quantum num­
bers, as soon as the complex i ty of the 
system increases it becomes imperat ive 
not to average over the azimuth. This 
means that we have to uti l ize not isotropic 
but polar ized targets, where the protons 
have all thei r spins al igned in a f ixed 
d i rect ion. 

Scat ter ing exper iments wi th polar ized 
targets have been vigorously pursued in 
CERN dur ing the last few years, and the 
most advanced systems buil t thus far for 
high energy research have been realized 
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The muon storage ring which was used in the 
measurement of the 'g-2' of the muon. This 
experiment was the most refined test to-date 
of the limits of the validity of quantum 
electrodynamics. A fan of counters to detect the 
electrons produced as the muons decayed, can 
be seen inside the ring. 

here with the help of a team of physicists 
f rom the sol id-state laboratory of A. Abra-
gham in Paris. Three teams are at present 
carry ing out exper iments of th is k ind, wi th 
targets in which up to 50 % of the protons 
are polar ized. 

The fact that I have descr ibed only six 
l ines of research that have developed wi th 
success around the PS dur ing the last 
decade, should not give the impression 
that the many other exper iments conc lud ­
ed or in progress are less interest ing or 
less promis ing. And the fact that I reported 
the results in a rather s imple way should 
not give the impression that the knowledge 
acqui red is commonp lace and somewhat 
ant ic ipated. 

It is the habit of people who try to 
interrogate Nature and, f rom the answers, 
to formulate new quest ions, to show a 
certain detachment and apparent coldness 
towards the f in ished exper iments, even 
when the results are new and of great 
moment. This is because the scient ist is 
t ra ined to accept Nature as the norm of 
t ruth, and Nature's ever deeper and more 
astonishing variety is to him a cont inuous 
reminder of his ignorance. But there is 
no doubt that in the exper iments I have 
descr ibed, as also in many of the others, 
the results were radical ly di f ferent f rom 
what exper imental is ts and theoret ic ians 
expected. Ten years ago we were con­
v inced that the propert ies of strongly 
interact ing elementary part ic les, in the 
GeV ranges and beyond, cou ld in some 
c i rcumstances be s imi lar to those of a 
hard ball and in others to those of centres 
radiat ing a few kinds of mesons and 
baryons. The weak interact ions were 
expected to be all of one type, obeying 
the rules learned f rom the behaviour of 
the decay of nucle i . In both cases we 
were grossly wrong, and if I am al lowed 
to enclose wi th in a unique f rame the 
complex variety of phenomena that has 
manifested itself dur ing the last ten years, 
I wou ld say that as the energy per part ic le 
increases, all interact ions — st rong, elec­
t romagnet ic and weak — are showing the 
common property of p roduc ing complex 
states, of ever increasing mass and rather 
constant l i fet ime : a mechanism that re­
sembles the opening of a Pandora's box 
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conta in ing more and more winds as more 
energy is compressed into it. 

The problem that we are now fac ing 
after ten years of research is, 'What kind 
of w ind is contained in our Pandora's 
box ?' That elusive stuff is cal led by the 
more determined physicists 'quarks ' , by 
others 'partons' (a synonym of dust). What­
ever its name, the most astonishing pro­
perty of this 'matter ' is its abi l i ty, g iven 
enough energy, to bui ld st ructures of 
greater and greater complexi ty , short- l ived 
in our t ime-scale, but lasting long enough 
in the part ic le 's t ime-scale, to possess 
wel l def ined structure. 

Faced wi th this new, complex wor ld , we 
f ind ourselves (to f inish wi th a t imely com­
parison) l ike a man f rom the moon who 
f rom his exper ience was led to th ink that 
atoms could combine only in the s imple 
molecules found in rocks and dust — the 
molecules that even the scorch ing solar 
wind is not able to destroy on the lunar 
surface. On landing on our planet, he 
d iscovers that the possibi l i t ies of the 
wor ld of molecules are much more numer­
ous and complex. That carbon, hydrogen, 
oxygen and a few other atoms, when put 
together in a 'gent le ' way, can give rise 
to organic molecules that are rather un­
stable but are of almost inf inite var iety 
and mi l l ions of t imes heavier than those 
of the inorganic wor ld . 

How large can the big 'molecules ' bui l t 
wi th quarks or partons become; and how 
do they behave ? These are the quest ions 
that our work has al lowed us to formulate 
and that summarizes the d i rect ion of our 
future efforts. 

It is for these reasons that I th ink that 
here in CERN we can feel conf ident of 
having fu l f i l led, dur ing these ten years, 

the augury made by Niels Bohr at the 
PS inaugurat ion ceremony on 5 February 
1960. 

'The main human lesson drawn from 
investigations of phenomena ever more 
remote from ordinary experience is the 
recognition of the inseparability of objec­
tive knowledge from our ability to put 
questions to Nature by means of experi­
ments suited to give unambiguous ans­
wers. It is therefore imperative that physi­
cists taking part in such inquiry can have 
the opportunity of getting experience 
about all aspects of the situation. This 
would, however, be impossible for scien­
tists from countries with more limited 
resources, if it were not by means of such 
co-operative efforts as those we are wit­
nessing in CERN.' 

And for the came reasons I feel that I 
can paraphrase the famous answer given 
by Faraday to the Minister who was asking 
whether his research on e lect romagnet ic 
induct ion was leading to something useful . 
Whi le Faraday said 'Sir, I do not know to 
what it will lead, but I am sure that even­
tually you will tax it', I th ink that to the 
same quest ion, asked about high energy 
physics, we can reply, 'Sir, I do not know 
to what it will lead, but I am sure that 
eventually you will need it to understand 
what you are'. 
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A photograph taken during the latest series of 
neutrino experiments at CERN. The heavy liquid 
bubble chamber was filled with propane and the 
photograph shows the interaction of a neutrino 
with a 'free' proton, the first time such 
interactions had been observed. The neutrino 
enters from the bottom of the photograph and 
interacts with a proton to give a proton (short 
track to the right) a muon (long upward track) 
and a positive pion which decayed into a positron 
'the tight spiral). 

2. Bubble 
chamber 
experiments 

J. Meyer 
Before the PS came into operat ion it was 
evident that a great deal of physics re­
search could be undertaken wi th bubble 
chambers, the pr inc ip le of wh ich had just 
been discovered by Glaser and wh ich 
were coming into use in great numbers 
in the United States. CERN p lunged into 
the use of this technique const ruct ing 
hydrogen and heavy l iquid (to take pro­
pane or freon) chambers and suppor t ing 
the operat ion for many years of chambers 
constructed in some Member States. 

A whole series of complex techno log ica l 
problems had to be tack led wi th regard 
to the bubble chambers themselves, the 
part ic le beams to feed them and the 
techniques for their analysis. Successfu l 
and, in some cases, or ig inal so lut ions in 
the provision of p ion, kaon, proton and 
ant i -proton separated beams, and in the 
processing of events recorded on photo­
graphic f i lm have enabled more than 20 mi l ­
l ion pictures to be taken and analysed 
by European physicists over the past ten 
years, producing important results. 

The bubble chamber is, in a way, a 
complementary instrument to e lect ron ics 
equipment. It enables col l is ions to be 
detected and measured wi th uni form ef f i ­
c iency in all d i rect ions. On the other hand, 
only about ten incident par t ic les may be 
analysed per PS cycle. Electronics equ ip­
ment can accept over 100 000 part ic les, 
but their detect ion ef f ic iency is general ly 
strongly dependent on a compl ica ted geo­
metr ic arrangement of detectors. The heavy 
l iquid chamber adds to detect ion poss ib i ­
l i t ies s ince it may record and y ie ld 
eff ic ient measurements of e lect rons and 
gamma rays, wh ich is more di f f icu l t w i th 
hydrogen chambers. 

The physics results obta ined f rom 
bubble chambers have been largely the 
result of co l laborat ions between var ious 
European groups, some of wh ich have 
inc luded CERN scient ists and some of 
wh ich have been ent irely external groups. 

These large col laborat ions have been 
necessary to tack le the problem of ob ­
tain ing s igni f icant stat ist ics — hundreds 
of thousands, even mil l ions, of p ic tures 
must be taken and the processing of this 
mass of informat ion is long and complex. 
The col laborat ions have been set up be­
tween di f ferent groups in dif ferent Member 
States and to a lesser extent in other 
European countr ies or in the United 
States. In this way over a mi l l ion events 
have been measured in the last twelve 
months. 

In a short summary it is not possible 
to enumerate all the results obta ined over 
the past ten years since the PS started 
operat ing, because they are so numerous 
and also because it is not always easy to 
judge their intr insic value : what was im­
portant yesterday may not be so today 
and results wh ich are considered of l i t t le 
account today may prove to be important 
tomorrow in the l ight of theoret ical devel ­
opments. Therefore, I shall Limit myself 
to giv ing a sample of certain important 
studies and cases where the contr ibut ion 
made by European Laborator ies was of a 

p ioneer ing nature : when the discovery of 
phenomena was made in Europe or when 
it was made s imul taneously wi th USA 
work , or when the results obtained f rom 
pictures taken at CERN made a decis ive 
cont r ibut ion towards a better understand­
ing of important physical processes. 

I shal l list some major results obtained 
wi th hydrogen and heavy l iquid chambers 
in three broa<i f ie lds of elementary par­
t ic le physics: weak interact ions, the d is­
covery and study of part ic les and reso­
nances, and the study of the product ion 
mechanism in high energy col l is ions. 

Weak interactions 

1) Ver i f icat ion of the rule A S = A Q. 
This rule states that the d ist r ibut ion 
in t ime of neutral kaons decaying into 
a pion and a lepton pair fo l lows a wel l 
def ined law. A heavy l iquid chamber 
exper iment showed that wi th in exper i ­
mental errors, the law is val id . 

2) The study of leptonic decays of charg­
ed s igma hyperons in a batch of more 
than a mi l l ion sigmas has made it 

352 



possible to measure the ratio of the 
axial and vector coup l ing constants 
and to check the agreement wi th 
theory. On the other hand, a search 
of decays contrary to the rule 
A S = A Q was under taken and an 
upper l imit to the rate of v io lat ion of 
this law was obta ined. Lambda hyperon 
leptonic decays were also analysed in 
order to measure the ratio of the 
coupl ing constants. 

3) Var ious exper iments were made to 
verify the law A I = V2 in strange 
part ic le decays. 

4) Precise measurements were taken of 
the form factor of the posit ive kaon 
decaying into a p ion, a muon and a 
neutr ino. 

5) Large heavy l iquid bubb le chambers 
provide an adequate target for the 
study of neutr ino interact ions. This is 
a most interest ing f ie ld and the CERN 
chamber, exposed to neutr ino beams 
has provided valuable informat ion on 
the 'elast ic ' interact ion of the neutr ino 
wi th a neutron y ie ld ing a muon and 
a proton. 

6) One of the great d iscover ies of recent 
.years has been the decay of the long-
l ived neutral kaon into two pions. This 
phenomenon indicates a CP v io lat ing 
kaon decay and numerous exper iments 
have been carr ied out in Europe and 
in the United States to measure the 
decay rate. The l i terature conta ins 
var ious contradictory results on the 
rate into two neutral pions. The meas­
urement in a heavy l iquid chamber 
exper iment at CERN gave a value 
wh ich was not in d isagreement wi th 
the 'super-weak' theory. 

7) Precise measurements have been taken 
of the average l i fe-t imes of the neutral 
xi and the posit ive and negative s igma 
hyperons. 

Particles and resonances 

1) The ant i -part ic le of the x i -hyperon, wi th 
strangeness — 2 , was d iscovered dur ing 
the study of ant iproton-proton col l is ions 
at 3 GeV/c. 

2) The relative parity of the lambda and 
neutral s igma hyperons was found to 

be posit ive f rom a study of the decay 
of the s igma into a lambda and an 
e lectron pair. 

3) Dif ferent meson resonances have been 
d iscovered and in many cases thei r 
branch ing ratios and quantum numbers 
have been measured, in part icular the 
fo l lowing states: f ° , Ai, A2, C, D, E, the 
KK threshold effect, g, K* (1400), 
L (1800). The importance of the cont r i ­
but ion of physicists using pictures ta ­
ken at CERN may be apprec iated when 
one considers that at the present t ime 
only about thir ty meson states have 
been conclusively ident i f ied. 

4) The spin and the pari ty of K* (890), 
whose existence was f i rmly estab­
l ished previously, have been measured 
by an or ig inal method using s topping 
ant iprotons. 

5) Baryon resonances of strangeness -1 in 
the mass region 1600 to 1900 MeV 
have been the object of an exhaust ive 
study in a systematic ' format ion ' exper­
iment. A new resonance A (1830) has 
been d iscovered and its spin and 
pari ty have been determined. Spin and 

The ten millionth photograph taken in 1968 with 
the 81 cm hydrogen bubble chamber which came 
to CERN in 1961 initially on loan from Saclay. 
Positive kaons with a momentum of 0.98 GeV/c 
enter from the left. Two of them decay (e) while 
three others interact with protons in the chamber: 
at (a) an elastic scattering takes place, at (b) the 
interaction gives a pion, a positive kaon (which 
decays at (f) and neutral particles, at (c) the 
interaction gives a positive pion, a proton and 
a neutral kaon which decays into two charged 
pions, at (d). The 2 m hydrogen bubble chamber 
also reached ten million pictures in September 
of this year. 
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parity together wi th branch ing ratios 
have been successful ly measured for 
A (1660), A (1670), A (1690), 2 (1760) 
and A (1815). 

6) Three baryon resonances of st range­
ness — 2 have been ident i f ied by 
means of European bubble chambers : 
E*(1820), S*(1930) and E*(2530) — 
these const i tute about 50 % of the 
S * fami ly current ly known. 

High Energy Production Mechanisms 

1) Since the f irst exper iments in 1960, it 
has become evident that a large num­
ber of high energy col l is ions are of a 
'per iphera l ' nature. This means that in 
react ions of the type 
jt ± + p - > p + mesons 
K~ + p - > A + mesons 
K~ + p - > 2 + + mesons 
p" + p - > A + Â 
baryons are produced preferent ia l ly 
wi th a low kinet ic energy. The study of 
many react ions wi th a momentum 
exceeding 3 GeV/c has shown sub­
sequent ly that 'per iphera l ism' is a 
dominant character is t ic in high energy 
interact ions. 

2) The character is t ics of bubble chambers 
wh ich enable several react ions to be 
studied s imul taneously have made pos­
sible the discovery of the impor tance 
of two-body and quasi two-body reac­
t ions. This affects react ions of the type 
A + B - > C + D where C and D are 
either stable part ic les or resonances. 
At high energies these react ions are 
responsible for a sizable f ract ion of 
the total cross-sect ion. 

3) Trie di f ferent ial cross-sect ions for thir­
teen quasi two-body channels have 
been analysed in detai l and breaks 
have been shown to exist there. 
These results indicate that the st ruc­
ture observed in a channel may be 
corre lated wi th the nature of the par­
t ic les (or t rajector ies) exchanged. The 
measured cross-sect ions were compar­
ed wi th var ious theoret ica l models . 

4) Informat ion has been obta ined on the 
nature of exchanged part ic les by meas­
ur ing the density matr ix e lements of 
the resonances produced in quasi two-
body react ions, for example — the 

study of K *(890) produced in the 
react ions K~ + p - > K *(890) + nu­
cléon and K + + p - > K *(890) + p at 
high momenta. 

5) Backward peaks have been d iscovered 
in the quasi two-body react ions for 
p ion-proton and kaon-proton interac­
t ions. They are evidence for the baryon 
exchange mechanism and have been 
interpreted in terms of this mechanism. 

6) A systematic study of the var iat ion of 
two-body and quasi two-body cross-
sect ions has been made in terms of 
the inc ident momentum. It was found 
that they varied as p~n and all the 
react ions could be classi f ied rough­
ly in four groups, accord ing to the 
value of n, each group cor respond­
ing to exchange processes of a wel l 
def ined nature. 

From this list it is evident that European 
physicists, using bubble chamber photo­
graphs taken at CERN,. have made a very 
posit ive contr ibut ion to elementary part ic le 
physics. A l though the bubble chamber is 
an instrument essential ly adapted to the 
study of st rong interact ions, s igni f icant 
and somet imes very precise measurements 
have been taken in the f ie ld of weak inter­
act ions. In the domain of strong interact ions, 
physicists have succeeded in d iscover ing 
numerous resonant states and in de termin­
ing their propert ies and the propert ies of 
others a l ready discovered elsewhere. 
The results thus obtained have made a 
signi f icant contr ibut ion to the main theo­
ret ical developments of the last few years, 
namely the classi f icat ion of part ic les and 
resonances by unitary symmetry models 
and Regge t ra jector ies. 

Finally, several extremely important ex­
per imental laws governing the f ie ld , 
wh ich was complete ly untouched ten years 
ago, of high energy col l is ions were d is­
covered in bubble chamber exper iments 
and their interpretat ion has st imulated 
theoret ic ians to a deeper insight into 
elementary part ic le interact ions. 

Suppose the PS is running non-stop all 
the year round, accelerating 1012 protons 
per pulse every two seconds... try to guess 
(or even calculate) how long you would 
need to run the machine — 
a) To accelerate the same number of 

protons as there are in a small drop 
of water (50 mm3) ? 

b) To accelerate as much charge as 
passes through a 100 watt bulb (250 
volt mains) in one second ? 

c) To accelerate as many protons as 
would fit onto a CERN COURIER 
page (21 X 30 cm2) if they could be 
laid side by side ? 

Answers at the bottom of the column. 

Nature, it seems, is the popular name 
for mi l l iards and mi l l iards and mi l l iards 
of part ic les playing their inf inite game 
of b i l l iards and bi l l iards and bi l l iards. 

This is a grook (short aphor ist ic poem) 
cal led 'Atomyr iades ' f rom the book 
'Grooks ' by Piet Hein produced by MIT 
Press, Cambr idge, Mass. ($1.5 paperback) . 

What does a European pay to have CERN 
in 1969 ? It depends a little where he 
comes from but, looked at in terms of 
Swiss francs per head, it is not too 
frightening : 
Austria 0.63 Italy 0.485 
Belgium 0.94 Netherlands 0.90 
Denmark 1.12 Norway 0.85 
Federal Republic 

of Germany 1.01 Sweden 1.37 
France 0.99 Switzerland 1.38 
Greece 0.17 U.K. 0.96 
It averages out at 0.90 Swiss francs per 
man, woman and child in the twelve Mem­
ber States. The price of a litre of beer. 
And some might say that it is not a bad 
idea to deprive at least the child of a 
litre of beer in this way. 

"UOJÎOJUOUÀS uoiojd B punq oi eoueBmeiui 
lUQiouins Aejdsjp }ou pip AieiBuniJo^un 
QUI io swjoi ISJU ou± 'U}JBd em /o QBB 

QUI inoqB si UOIUM SJBOÂ UOJIUUI OOOP (O 
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And now, a NIM-compatible and practical European Standard for 
100 MHz + logic systems has been founded with the introduction of 
Borer Fast Logic Modules. So highly flexible, these CERN design 
based units form the most comprehensive decision-making family of 
modules ever to have been offered at such a realistic price. Bonus 
advantages of shorter neater inter-module cabling can be gained from 
Lemo-equipped models : BNC-equipped models are available too for 
existing system compatibility. 

Some details of one of these modules are given below and more data 
on this, and the rest of the family, will be sent at the drop of a postcard. 

«3? 

È • 
y 

« m i t wmmm mmmam miïÊB w* 1 * * / H8B31 

Inputs Impedance 

Reflections 'ON' 

Reflections 'OFF1 

Voltage 

Overlap LIN 

50 ohms ± 2 % 

20 % max (capacitive) 

15 % m a x (inductive) 

- 700 mV typ. 1 
cnn m \ / f f o r coincidence 

— 600 mv mm. J 

—100 mV max. for anti-coincidence 

2 ns min. for singles 

2 ns min. for 5-fold 

OUT.OUT 1.5 ns min. for singles 

1.25 ns min. for 5-fold 

Linear outputs Impedance High, 16 mA current sources. Unused 

outputs need not be terminated. 

Rise Time 
Fall Time 

1.8 ns max. 
2.0 ns max. 

Width, equal to 

Rate 

(Overlap + 1.0) ns for singles 

(Overlap —1.0) ns for 5-fold 

200 MHz max. 

Propagation delay 6 ± 0.75 ns for singles 

Decreases by 0.5 ns max for 5-fold 

Feedthrough + 15 mV max for n-1 

Logic outputs Impedance High, 32 mA current sources, unused 

outputs must be terminated. 

Width OUT 
Width OUT 

8.5 ± 1 ns 
9.0 ± 1 ns 

Rise time OUT 
Fall time OUT 

1.5 ns max. 
2.2 ns max. 

Rise time OUT 
Fall time OUT 

2.0 ns max. 
2.2 ns max. 

Rate Greater than 50 MHz 

Propagation delay 10.5 + 0.75 ns for singles 
Decreases by 0.5 ns max for 5-fold 

Great Britain: 35 High Street, Shoreham-by-Sea 
Sussex BN4 5DD 
Tel : Shoreham-by-Sea 5262 Telex: 87274 
Germany: Verkaufsburo Munchen, Kaiserstrasse 10 
8000 Mûnchen 23 
Te l : 34 8016 
France: Numelec, 2 Petite Place, 78-Versailles 
Tel: 951-29-30 b©rep 

E L E C T R O N I C S 

Switzerland: P. O. Box, 4500 Solothurn 2 
Tel : (065) 4 88 21, Telex 34228 
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First, we' l l tell you something about 
medium-sized computers, you know 
already. 

They're a pain in the neck. 

Because all the ones you've ever seen 
up to n o w come w i th big price tags and 
nothing like the kind of versatil ity you want , 
unless you're wi l l ing to fork out a for tune 
to get them tai lor-made to your 
requirements. 

Hence, the new Digital PDP-1 5 
medium-sized computer. Really four 
medium-sized computers for you to choose 
f rom. Not just one. All costing you far less 
than any comparable competi t ive 
computers. 

It w o n ' t have escaped you that a range of 
four computers means a fair old bit of 
versatil ity. But you couldn ' t possibly know 
just h o w much versatil ity. 

So we' l l tell you. Because the PDP-1 5 
comes in four different packages you get 
different peripherals and different levels of 
software, for different budgets and different 
needs. Al l upward compatible. 

Offering peripherals and software in 
standard configurat ions is wha t al lows us 
to offer substantial price reductions on all 
four systems. 

All but the basic PDP-1 5 /10 
conf igurat ion are moni tor-contro l led to 
permit ease of use and device 
independence. This means that you get 
your programs 'on the air' quickly. W i thou t 
having to change them every t ime you add 
new devices. 

Actual ly , the PDP-1 5 is both new and 
not new. New in its high-speed I/C 

meetings of DECUS, the Digital Equipment 
Computer Users Society. 

N o w that you've discovered a 
medium-sized computer that's anything 
but a pain in the neck, undoubtedly you' l l 
wan t to f ind out all about it. 

P D P - 1 5 / 1 0 4,096 18-b i t words of 
800-nanosecond core memory. Teletype 
Model ASR-33 console teleprinter. 
COMPACT Software System inc luding 
assembler, editor, debugging aids, and 
mathematical and util ity routines. 

P D P - 1 5 / 2 0 Advanced Moni tor System : 
8,1 92 words of core memory, KSR-35 
Teletype for extra reliability, t w o DECtape 
transports and control units, high-speed 
paper tape reader/punch. Extended 
Ar i thmet ic Element for high-speed 
arithmetic operations and register 
manipulat ion. Advanced Moni tor System 
w i t h FORTRAN IV, FOCAL-15, 
M A C R O - 1 5 macro assembler, l inking 
loader, batch processor, system generator, 
scientif ic library, and comprehensive 
debugging and util ity routines. 

P D P - 1 5 / 3 0 Background/Foreground 
System : 1 6,384 words of core memory, 
KSR-35 Teletype, Extended Ari thmetic 
Element, Automat ic Priority Interrupt 
System, Memory Protect System, 
high-speed paper tape reader/punch, 
three DECtape transports and control unit , 
real-t ime clock,.and a second on- l ine 
Teletype for background use. Background/ 
Foreground Monitor System combin ing all 
Advanced Moni tor funct ions w i th con ­
current execution of real-time foreground 

technology. Expanded instruction set. 
Improved expandabil i ty. Not new because 
PDPr15 users can draw on the software 
and applications expertise that stand 
behind several generations of Digital 
computers. Some 900 of our machines are in 
use in Physics applications th roughout 
the wor ld . 

Major areas include Nuclear data 
acquisit ion and analysis, reactor and 
instrumentation control and f i lm scanning 
Not to mention hundreds of other 
applications in various sciences. 

In addit ion to all the standard PDP-15 
sof tware, new users can share in the 
Program Library and exchange of 
informat ion at regularly scheduled 

tasks and program development or other 
lower-pr ior i ty background computat ion. 

P D P - 1 5 / 4 0 Disk-Oriented Background/ 
Foreground System : 24,576 words of core 
memory, KSR-35 Teletype, Automat ic 
Priority Interrupt System, Memory Protect 
System, high-speed paper tape reader/ 
punch, t w o DECtape transports and control 
unit, RF1 5 DEC-disk control and t w o 
RS09 random-access disk fi les, real-t ime 
clock, and a second on- l ine Teletype for 
background use. Disk-oriented version of 
the Background/Foreground Moni tor 
System, a l lowing concurrent execution of 
real-t ime tasks and background 
computa t ion , in addit ion to all standard 
Advanced Moni tor funct ions. 

SQSDQSD 
C O M P U T E R S • M O D U L E S 
Arkwr igh t Road, Reading, Berks. 
T e l : (ORE 4) 8 5 1 3 1 . 
Bi l ton House, Uxbr idge Road, Ealing, W.5 . 
T e l : (01) 579 2 7 8 1 , and 13 Upper Precinct 
Walkden, Manchester. T e l : (061) 790 4 5 9 1 . 
Offices also in Geneva, Switzerland; Paris, France; 
Munich and Cologne, Germany; Stockholm, 
Sweden; Milan, Italy; The Hague, Netherlands; 
Sydney and West Perth, Australia; Carleton Place, 
Toronto, Montreal and Edmonto, Alberta, Canada 
and in principal cities of'the U.S.A. 
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Soufflet elliptique en acier AISI 
304 destiné à l'accélérateur Pro-
ton-Synchroton. 
Diamètre extérieur 180 x 104 mm 
Soudé avec l'appareil PLASMA-
FIX40 
Intensité du courant de soudage 
2,8 A. 
(Réalisation CERN) 

MICRO-PLASMA9 

PLASMAFIX 40 

Le PLASMAFIX 40 contribue au 
succès des investigations dans 
le domaine nucléaire. Il permet 
la réalisation d'équipements qui 
nécessitent l'assemblage d'élé­
ments de très faible épaisseur, 
garantissant une parfaite étan-
chéité et une résistance mécani­
que supportant les contraintes 
les plus sévères. 

Nombreuses références. 

S.A. des Ateliers de Sécheron 
Division Soudure 1196 Gland 
Téléphone 022 641381 Télex 22 439 
Représentation MICRO-PLASMA pour la Suisse: 
MAX C. MEISTER, Lôwenstrasse 25, 8021 Zurich, Tél. 051 27 03 92 
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Type 2004 FOUR-FOLD CAMAC SCALER 
DESCRIPTION AND SPECIFICATIONS. 

The type 2004 four-fold scaler is a 
simple, general purpose CAMAC 
scaler with 16 bit capacity. Low price 
was the main design objective. Thus, 
useful functions only have been 
incorporated and the input specifica­
tions are those readily obtainable 
with current TTL technology. 

ELECTRONIQUE 

1. Input 
Each scaler has a 50 ohm input (IN A) and an unter-
minated dual connector input (IN B). Both inputs 
accept fast NIM pulses or levels and enter an AND 
gate. Thus, either Input A or B can be used as count 
input or as gate input. While using A cas count input, B 
may be left open. Input B allows bridging connection 
of a gate line for reduced fan-out requirements. 
• Scaling Rate: typically 40 MHz 
• Input Pulses, A or B: 12 ns pulses are typically 

required,-200 mVis max. 
"O ' \ -600 mV is min. " L " , 
-2 V, diode limited 
LEMO RA 00 C 50 

• Maximum Amplitude: 
• Connectors: 

2. Overflow outputs 
Overflows are brought out separately on the back 
of the module. Nim pulses of approximately 1 ^s 
duration are produced. Individual overflow outputs 
may be very useful for triggering a "Direct Memory 
Increment"- module. 

3. CAMAC Functions Used in the Module 
Function 0: Read the scaler selected by the sub-

address, Clear the corresponding 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Read the scaler selected by the sub-
address, Reset the scaler, Clear its 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Increment all 4 scalers, Produce a Q-
response. 
Test L. This function produces a Q-
response if the scaler selected by the 
subaddress has its overflowset and its 
L enabled. 
Write a 4 bit mask. This 4 bit mask 
-written from the W1 to W4 lines-
enables the individual sources of L 
request. 
Reset all scalers, Clear all overflow 
flags and set the L-mask at 0000. 
Close the input gate of all 4 scalers. 

The L-mask register is a particulary powerful device 
when the L signal is used as a computer interrupt 
request. Managing nested interrupt service routines 
is much easier because priority assignment is under 
program control. 

4. Physical 
Single unit CAMAC module, fully shielded construc­
tion. 

Function 2: 

Function 25: 

Function 8: 

Function 17: 

Clear and 
initialize: 
Inhibit: 

Representatives throughout Europe and The United States 

31 Av. Ernest-Pictet-1211 GENEVA 13/Switzerland-Tel.(022)442940 
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les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Résolution meilleure 
que 100 nanosecondes. 
Auto-déclenchement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 
APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation. 
Basses énergies : 
Plan focal de spectromètre.-
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographic p. 
Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption 
Electronique : 
Enregistrement des événements : 
résolution ^ 100 ns 
Temps de lecture : environ 2 0 ( is 

new possibilities 
with raultiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
Time resolution better 
than 1 0 0 nanoseconds. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with .other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer. 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 
Electronics: 
Event recording: resolution > 100 ns 
Read-out time: about 20 [xs 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE L A P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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fraiseuses 
universelles 

universal 
milling 
machines 

ACIERA SA FABRIQUE DE MACHINES CH 2400 LE LOCLE 







Caoutchouc 

Mat ières synthétiques 

Amiante 

Eléments de transmission 

Angst+Pfister 
52-54, Route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Téléphone (022) 45 14 00 

OZALID SA 

• PHOTOCOPIE — Apparei ls d 'écla i rage et 
disposit i f de déve loppement - Papiers pour 
photocopies - Instal lat ions pour la photocopie. 

• HÉLIOGRAPHIE — Machines à hél iographier 
modèles OZALID et BODAN. Papiers OZALID 
pour développement à sec et OZAFLUID pour 
développement semi-humide. 

• BUREAU-OFFSET — Machines-offset et pla­
ques-offset présensibi l isées OZASOL. 

@ DESSIN — Machines à dessiner JENNY et 
combinaison de dessins - Papiers à dessin 
(papiers pour dessins de détai ls), l istes de 
pièces, papiers t ransparents (à calquer), papier 
pour croquis. 

• INSTALLATIONS DE REPRODUCTION pour 
hél iographies, impression de plans, photoco­
pies, travaux de photographie technique, ré­
duct ions, agrandissements. 

Seefeldstrasse 94 
8034 Zurich 
Tél. (051) 32 7442 

depuis 1924 
LH0MARGY 
a étudié et mis au point plus de 

150 machines d'essais 
conformes aux normes françaises ou 
étrangères. 
Ces machines équipent les laboratoires, 
tant pour la recherche fondamentale 
que pour les contrôles de qualité des 
matières premières ou des produits finis. 

MACHINE 
DE TRACTION 
ÉLECTRONIQUE 
Modèle DY.08 

En 1969 , Lhomargy présente une gamme 
complète de machines d'essais électroniques 
pour t rac t ion , f lex ion, adhérence, f luage, 
relaxation, sur matériaux en fibres, fils, feuilles, 
planches, etc. . 

• Lhomargy exporte 

3 5 % de sa production dans 50 pays. 

• Salle de démonstration permanente. 

• Service après vente efficace. 

• Les plus hautes références. 

consultez 

LHOMARGY 
3 f boulevard de Bellevue - 91 - Draveil - F 

tél.: 921.87.47 et 921.52.18 
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EAI QUAD + m 250B 
first residual gas analyzer with 
dual f i laments.. . dual detectors. 

Now the foremost RGA is even 
better. You can switch filaments with­
out breaking vacuum. Two filaments 
are premounted and prealigned on a 
block in the ion source region. The entire 
block can be replaced as a plug-in unit. 

You can also switch between the electron multiplier 
and Faraday detector without venting the system. 
A simple external cable change does it. 

Other significant improvements: A new sweep 
circuit betters linearity at slow sweep speeds. 
An improved emission control regulates operation 
and monitorina of current down to a few microamos. 

Introducing 
non-stop 

AA11 II I C O C Û U U C U U C I I C I I I O U U L LI I C |JI I O C 

remains the same. Always look to Varian/EAI 
for innovations in vacuum. Now, it's non-stop 

Vacuum Division, Palo 
Alto, California; 
Zug, Switzerland; 
Georgetown, 
Ontario. 
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my dearWatson 
two other great 
detectors! 

Holmes is, as usual, perfectly correct. NE 102A, today's 
most widely used general purpose plastic scintillator, 
has unequalled all-round performance. NE 110 has light 
transmission superior to that of any other plastic 
scintillator currently available and is especially 
recommended for use in large area sheets and large 
volume scintillators. Both detectors can be supplied in 
virtually any size (up to 3 metres long). See our 
1970 Catalogue for full details. 

Like The Great Detective, our chemists and physicists 
welcome the challenge of any unusual detection 
problems. Why not call 031 -443 4 0 6 0 and discuss 
your special requirements. 

Light output, % anthracene 
Decay time, ns 
Light attenuation length, cm 
Maximum emission, Â 

NE 102A 
65 
2.4 
170 
4250 

NE 110 
60 
3.3 
250 
4300 

NUCLEAR 

LIMITED 
Sighthill, Edinburgh EH114EY 
Scotland. 
Telephone: 031-443 4060 
Cables: Nuclear, Edinburgh 
Telex: 72333 

Associate Companies: 
Nuclear Enterprises GmbH, 
Neherstrasse 1,8 Munich 80. 
Telephone: 44-37-35. Telex: 529938 
Nuclear Enterprises Inc., Terminal 
Way, San Carlos, California 94070. 
Telephone: 415-593-1455 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, chemin de Tavernay - GRAND-SACONNEX - 1218 GENEVA - Tél . (022) 34 17 07/34 17 05 
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For the newest appl icat ion data and specs, contact EG&G, Inc., 
Nuclear Instrumentat ion Div is ion, 36 Congress Street, Salem, Massa­
chusetts 01970. Phone : (617) 745-3200. Cables : EGGINC-SALEM. 
TWX : 710-347-6741. TELEX : 949469. 

• • 

NUCLEAR INSTRUMENTATION DIVISION 
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