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Comment

On the night of 24 November 1959, a
polaroid picture similar to the one on the
cover was pushed into an empty vodka
bottle and parcelled off to Moscow. The
vodka had been given to John Adams a
few months earlier by Vladimir Nikitin
labelled ‘Not to be opened until 10.1 GeV’
(surpassing the 10 GeV peak energy of the
synchro-phasotron at the Dubna Laboratory
which was then the highest energy ma-
chine in the world). The polaroid picture
showed an oscilloscope trace of the beam
in the CERN proton synchrotron stretching
out to 24 GeV for the first time.

This issue of CERN COURIER celebrates
the 10th Anniversary of the acceleration of
protons in the PS to full energy with arti-
cles describing the excitement of that
night ten years ago, the development of
the machine since then, and the physics
that the machine has made possible. The
physics is the important outcome of the
building of the PS and the accelerator is
just a part, though obviously a crucial part,
of the whole complex of equipment and
organization involved. Nevertheless, bring-
ing the PS into operation can stand by
itself as a most remarkable achievement.

Discussion of a European Laboratory
built around a large particle accelerator
began about 1950. By 1952, the 'Provisional
Council’ of CERN came into being and a
Proton Synchrotron 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 alternating gradient
focusing was carried back from Brook-
haven and the study switched abruptly
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 alternating gradient principle
was successfully presented at a meeting
in Geneva.

Thus began a great adventure in techni-
cal accomplishment and a great adventure
in European collaboration. They were
adventures because no-one really knew
whether either the machine or the collabo-
ration could work.

Adams replied to a question at a CERN
Council Meeting in 1959, ‘Machines such
as the proton synchrotron consist of an
enormous number of parts, and there are
therefore several million reasons why they
might not work’. Construction of the PS
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called for unprecedented precision in
large-scale engineering. Its cperation de-
pended on the new principle which bad
question marks in it even on paper. How
much beam, for example, could the ma-
chine keep under control when it was
accelerated through ‘transition” — the
energy at which the beam behaviour chan-
ges and the acceleraior has rapidly to
follow suit.

All these problems were in the hands of
a brilliant but inexperienced iteam. They
were sclved. They were sclved on sched-
ule {within six years of the signing of the
CERN Convention) and they were solved
at a cost (120 million Swiss francs) rea-
sonably close to the estimate worked out
in 1955,

The success of the collaboration was
perhaps even more impressive. To propose
that Belgians, British, Dutch, French, Ger-
mans, Greeks, [talians, Scandinavians,
Swiss and Yugoslavs could work success-
fully together cn a huge project — de-
manding the highest technical skill, the
production of a million components by
manufacturers scattered throughcout Euro-
pe, very careful planning, and the ¢losest
cooperation — was idealistic. But it work-
ed.

fn 1969, with CERN a large and expe-
rienced organization, it is easy to forget
the pioneering spirit of those years. But
the building of the PS left its mark on all
who were involved. They will still talk
intensely about what they did and about
their ‘fierce pride’ in doing it. It is their
achievement in particular that we are
henouring this month.

This photo, almost as famous a record of the
night of 24 November 1959 as the pofaroid photo
an the cover, shows the seraphic contantmernt
of Hildred Blewel! 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 P8 in. Hildred has become
known as the mid-wife of large accelerators
having heen present at the first operat’on of
the Brookhaven Cosmotron, the CERN PS and
the Brookhaven AGS, and clase 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 1o conlinue
her reputation by seeing in the Intersecting
Storage Rings.

{Photo J. Sharp)

Ten Years Ago

...some personal reminiscences

Remember the night of November 24th,
1958 7 Of course | do. | was sitting in the
Canteen eating supper with John Adams,
as we had done many times that Fall.
There was not a wide choice of food in
those days — spagheatti or ravioli or, occa-
sionally, fried eggs — but our thoughts
were not on the meal. We had hardly
spoken, our spirits 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 direction of the PS build-
ings, | asked him, ‘Shall we go to the Main
Control Room or over fo the Central Build-
ing ? Chris Schmelzer said that Wolfgang
Schnell has that radial phase-control thing
working'. John pulled en his pipe, ‘Proba-
bly doesn’t matter, it may not do much
good.” Our hopes had been dashed fairly
often. 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.

Trudging along, | thought back over the
past weeks, back to September 16th when,
during the Accelerator Conference at

Hildred Blewett

CERN, Adams had made the electrifying
announcement that protons injected into
the PS8 had gone one turn around the
magnet ring. Since that time, attempts to
put the PS into operation had brought a
few triumphant moments but most of the
time we had been discouraged, puzzled
by the beam’s behaviour, frustrated by
faulty equipment or, after quick trials of
this remedy or that, in despair over the
lack of success. The protons just didn’t
want to be accelerated.

During the summer of 1959, Adams had
written to invite me to stay on at CERN
after the Conference since it looked as
if the PS would be ready for running-in
tests and Brockhaven had agreed because
information from these trials would be
very useful for the start-up of the AGS that
would probably occur during the following
summer. But | had to go back soon to
help on the AGS. Pressure for high-energy
protens in the United States was mounting
even higher with the imminent production
of European ones, so [ had already book-
ed passage to sail home. For some time
| had been saying tc everyone that we
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must get the protons through ‘fransition’
before | left. Now it was November 24th,
I must leave Geneva the following day,
but the prospects were bleak. Would this
beam-night be any different ?

Although the PS8 had been ready to
accept protons from the Linac in Sep-
tember, a great deal of final testing had
not been completed and installation and
cabling was going on in the ring and the
Main Control Room. Consequently, for the
first few weeks, beam tests could be
scheduled only for Tuesdays and Thurs-
days from six to ten in the evening; during
the final weeks of my stay there was also
some time on Friday evenings. During
these sessions, our spirits ranged from
high to locw as the beam behaved some-
what as expected or baffled us completely.

Shortly after the Conference, when the
first pickup electrodes were operating,
we had happily seen the injected beam
spiral in, under the influence of the rising
magnetic field {without r.f.), observed beta-
tron oscillations for the first time, and
eagerly estimated Q-values from the beat-
ing patierns. But the spiralling time was
wrong and the Q-values were off, with
radial and vertical values different. Why ?

Another night, beam from 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
electrostatic inflector. Adams, Hine and
Lapostolle rushed into the main-ring tun-
nel, glared at the offending item, hustled
to have it replaced. It burned out again —
and again — an evening wasted and home
discouraged.

Early in October, the programmed part
of the rf. system was ready for trial.
Schmelzer and Hans Geibel were in the
Central Building and Pierre Germain was
peering at scopes in the Main Control
Room. linac said beam was ready and
inflector working. Hine was in the MCR,
looking at the injected beam, adjusting
gquadrupoles, changing inflector voltage,
rushing from one scope to another. The
beam isn't spirafling 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
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a few milliseconds, Changes in the rf.
pregramming... is the beam better... yes,
now it goes for 10 milliseconds... no, it's
16... now it's gone again. But we went
home satisfied — some beam had been
captured, there had been some acceler-
ation.

More evenings with trials of the rf.
programme followed, mostly unsatisfactory,
then a surge of hope spread through the
group. Careful checking of the inflector
area showed that a {emporary cbservation-
flag was sticking into the vacuum chamber
at the entry point and, even worse, some
of the mechanical structure of the inflector
seemed to cut off part of the circulating
heam. Mixed with the chagrin at not find-
ing these things earlier was a feeling that
here, at last, was the source of the injec-
tion troubles. Next night, there was deci-
ded improvement in the spiralling, beam
was more reliable, but still there was
coupling between the vertical and radial
betatron oscillations and the Q-values
were still wrong. In spite of this, the rf,
programme was tried again, Schmelzer
and the rf. group busy in the Central
Building and Hine, Adams, Pierre Germain
and the rest of us anxiously looking at the
scopes in the MCR. But, although occa-
sionally captured and accelerated for a
few milliseconds, the beam again dribbled
off and was lost.

The r.f. system had been designed to
run with a frequency programme to a few
GeV, then to switch over to an automatic
system with a phase-lock and with errors
in the beam’s radial position fed back to
the r.f. amplitude for correction, When this
automatic system was ready, it was tried
with switching-in much earlier than plann-
ed and this did succeed in accelerating
the beam somewhat longer. But then it
was lost, usually in a series of steps and
all gone after a few tens of milliseconds.
1 don't remember if we reached 2 or 3 GeV
on an occasional pulse, but certainly no
more. The behaviour of the beam remain-
ed erratic and unstable. What was wrong?

Measurements of the beam’s position
on the radial pickup electrodes were hast-
ily plotted by Adams io show that the
closed orbit was off in some places, but
only by a few centimetres, surely not
enough to prevent some beam from going
to transition. The rate of rise of the ma-

gnetic field was varied to look for eddy-
current troubles. Colin Ramm and the
Magnet Group rushed around the ring in
the daytime, searching for stray fields or
remanence effects. Jean Gervaise scanned
the survey data for possible errors in
magnet positions while Jack Freeman
hunted for signs of beam disappearances
with radiation monitors. More trials of the
r.f., with and without phase-lock, more
diagnostic equipment hurriedly inserted,
more measuremenis. But the protons made
no progress.

During those Tuesday and Thursday
evenings in October and early November,
many of the PS builders gathered around
the tables in the centre of the Main Control
Room, Only the most essential of the
control racks were there, the rest were
being installed and, while we worked, men
in blue coats were busy behind the racks
cabling or, from time to time, accidently
uncabling. | cannot remember all the
people who were there, but always there
was Hine, usually Adams, Johnsen, Here-
ward, Schoch, Schmelzer, Pierre Germain.
Sometimes Sagnell and Sharp would stop
working to take ‘candid’ photos {often in
the way of the serious observers). Kono-
pasek would be improving pickup stations,
Munday investigating vacuum gauges,
disembodied voices coming from Linac,
Power House, or Central Building. To try
to bring order out of chaos, an Engineer-
in-Charge was appointed for each session
and among those taking a turn were
Bonaudi, Brianti, Fischer, Jacob and Reich.

At one stage, to save (or prevent?)
people from going home to eat and being
late for the scheduled 6 p.m. start-up,
Hine arranged cold meais, cheese and
bread to be sent to the MCR. As | recall,
this was not a rousing success.

There were periods of frantic activity.
Beam is on.. let's try this... with rf...
without r.f... lock at the scope... measure
this... photcgraph that... But there were
also long periods of waiting. Inflector is
off again... the high-voftage set feeding
the Linac is sparking over... instruments
not ready... something disconnected. We
sat at the tables and waited and waited.
One night, just as beam came on, al the
lights went out — trouble at the CERN



Commissioning days

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

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

{Phctos B. Sagnell)

main power house — and we groped our
way oul in darkness, Adams striking
matches zll the way.

During the days, many activities were
going on : tests on the magnets and pole-
face windings, Linac running, tests on r.f.
components, tests in the Power House,
interminable cabling. Throughout the build-
ings, there were sets of call lights which
flashed in various patterns. One pattern
was repcated so often that | finally asked
whose it was. 1t was for Kees Zilverschoon,
whom we seldom saw. He was in charge
of all installation and coordination and
was always off in tunnels, chasing work-
men, following missing items, running from
place to place.

I had a desk in Mervyn Hine's cffice
where in the mornings, particularly after
beam-nights, one after another would
come in —— Johnsen, Hereward, Schoch,
Schmelzer, sometimes Adams, many others
— and the talk would start. Are the closed-
orbit deviations causing serious trouble ?
fs the Linac emittance all right ? What
about the missing bunches, caused by the
poor performance of the inflector ? Every
Monday morning, in the PS Conference
Room, there was a meeting of the ‘Runn-
ing-in Committee’, starting at 9 a.m. sharp
and lasting until well after 1 p.m. or even
2 p.m. Discussicns and arguments — on
and on.

. Qg U
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But sometimes it was quiet, when Hine
and the others were off preparing for the
evening runs. Then, | might go down the
hall to a nearby office where Ed Regen-
streif was compiling the full story of the
PS and we would talk of the time back in
1951 when, at the request of the early
CERN Council, he had come to the United
States to look at the construction of the
Brookhaven Cosmotron and the Berkeley
Bevatron. Regenstreif had earned the eter-
nal gratitude of the Cosmotron builders
{then an wunknown and inexperienced
group) for his praise of our design that
resulted in the CERN Council's decision,
at first, to build a scaled-up Cosmotron
of 10 GeV. it had been to reduce the costs
of this machine that Stan Livingston, in a
spirit of international goodwill, had first
considered possibilities for size reduction
by reversing blocks in a Cosmotron-like
magnet. This was in the summer of 1952,
at Brookhaven after the Cosmotron had
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successfully operated. We had been look-~
ing forward to a visit by Dahl, Goward and
Widerde to discuss the plans for the pro-
posed Eurcpean high-energy accelerator.
Further work by Livingston, Courant and
Snyder had led to the alternating-gradient
design principles in time for presentation
to our Eurcpean visitors.

Qften, in the daytime, | went over 1o the
Linac Building, to look at the 50 MeV
beam, to watch measurements being made
by Pierre Lapostolle, Peter Standley, Colin
Tayler, Bryan Montague and others. Qver
there another American visitor was fre-
quently watching or heiping — Lloyd
Smith, at CERN a .year on {eave from
Berkeley. Later on, he was o be so im-
pressed by the performance of the CERN
PS that he would go back to Berkeley
with a set of parameters for a similar
machine of 100 GeV, infect his coworkers
with his enthusiasm and begin sericus
design. Afterwards, this would be changed
to a design for 200 GeV that would find
suppoert from the US high-energy-physics
community, culminating in the large accel-
erator at Batavia.

Occasionally, on a Sunday, | would go
along the lake to visit my good friends,
Kjell and Aase Johnsen, and we would
recall the days in 1953 when the first
designs for the PS were being worked
out by groups in various places (Harwell,
Paris, Heidelberg, Bergen, etc) all under
the leadership of Odd Dahl in Bergen.
John Blewett and | had spent some
months in Bergen in the summer of 1953
and, during that time, Johnsen had been
working on the behaviour of the beam at
transition energy (where there is no phase
stability). His calculations had given us
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the first confidence that beam could be
accelerated through this dangercus region.
Or, the Johnsens and | would go back to

November 1952, when a small group
(including Kjell and myself} had come to
Geneva and been taken out near the
French border to see the fields where
some day a large Laboratory might be
built. This trip was after a meeting in Paris
where the main topic of discussion had
been the recent work of Adams, H]ﬁe, and
Lawson on the serious effects of magnet
inhomogeneities and their discovery of
frightening rescnances. Or, we would
come back again to 1953, to early October,
when the PS Design Group had come 1o
Geneva (a risky business with no govern-
mental commitments and finances 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 Council) had been presented to an
audience of accelerator experts, Council
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-
perience, the fuiure of European high-
energy physics at stake. | had been ner-
vous, too. | had worked up some cost
figures, based on Cosmotron costs, and
the totals were much in excess of what
had been anticipated. Would the Council
accept it ? But these reminiscences with
the Johnsens would be broken off by the
sudden arrival of Hine, bringing us back to
1859, 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
oscittoscope. Left to right : John Adams, Hans
Geibel, Hildred Blewett, Lioyd Smith, Chris
Schmelzer, Wolfgang Schnell, Pierre Germain.

{Photo B. Sagnell)

Many of these things were in my
thoughts as Adams and | approached the
Centra!l Building. | was depressed at hav-
ing to leave the next day, with the protons
still balking. | had wanied so much to
see this machine cperate successfully
before | left. All through the years, | had
been so involved with CERN and its PS
that | had felt a glow of pride with each
milestone passed during construction.
Meore than ever, over these past weeks,
| had felt that it was partly my machine
too. John interrupted my thoughts with
‘Well, Hildred, we haven't done much
during your stay. It's hardly been worth-
while, you haven't learned..’. | broke in,
‘Wollgang thinks this radial phase-controf
will really work, he's very optimistic, and
maybe.... But | knew that no one else had
great hopes for any improvement. Even
Schmelzer had thought it was hardly werth
the effort, but Schnell had gone ahead
over the last couple of weeks wiring it
up for a guick test. Just a few days before,
| had been down in the basement lab,
listening to his enthusiasm. The idea was
to use the radial-position signal from the
beam to control the r.f. phase instead of
the amplitude. With this system, the sign
of the phase had t¢ be reversed at transi-
tion and, in his haste, Schnell had buiit
this part into a Nescafé tin, the only thing
of the right size. But could Nescafé tins
help 7 There had been so many disap-
pointments. Perhaps something really fun-
damental was wrong. | felt a certain last
desperate hope, but | wasn't optimistic.

Adams opened the door of the Central
Building. For a moment the lights blinded
us, then we saw Schmelzer, Geibel and
Rosset — they were smiling. Schnell walk-
ed towards us and, without a word, pulled
us over to the scope. We looked... there
was a broad green tirace.. What's the
timing... why, why the beam is out fo
transition energy ? | said it out loud —
TRANSITION !

Just then a voice came from the Main
Control Room. [t was Hine, sounding a bit
sharp (he was running himself ragged,
as usual, and more frustrated than any-
one), ‘Have vou people some programme
for tonight, what are you planning to do ?
I want fo..’. Schnell interrupted, ‘Have you
fooked af the beam ? Go and look at the
scope’. A long silence... then, very quieily,



The page from the PS log bock, 24.71.59.

At 19 h. 35, it reads '22 GeV Historic Moment’.
By 20 h, 00 the enirigs had become rather
fncoherent,

Befow : 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
Schnell was already behind the racks with
his Nescafé tin, Geibel was cut in front
checking that the wires went to the right
places, not the usual wrong ones. Quickly,
quickly, it was ready. But the timing 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
{Schnell says [ yelled this at him, | don’t
remember) ..timing changed, liltle by
little... the green band gels longer.. ho
losses. Is it... ook again... we're through...
YES, WE'RE THROUGH TRANSITION {

How far ? What's the energy ? Some-
thing helow 10 GeV because the magnet
cycle is set for lower fields and a one-
second repetition rate for testing. Hurried
call to Georgijevic in the Power House.
Change the magnet cycle toc full field.
Beam off while we wait. The long minutes
drag by. Will the beam come on again ?
This is just the time for that dratted inflec-
tor to go off again, or the high-voltage
set to arc over. Hurry up, Power House!
I remember Schnell murmuring, */ prom-
ised you we'd get through transition’. But
we were all rather awed by it. No cne
spoke — Schmelzer lit a cigar, Adams
relit his pipe, we waited.

Finally, the call came through — magnet
on again, pulsing to top field. Call the
Linac for beam. Beam on, i¥'s injected,
inflector holding, beam spiralling. R.f. on,
all set as before with the blessed phase-
control and the Nescafé tin. Change tim-
ing on the scopes, waich them and hold
your breath. One second (time for accel-
eration) is a long time. The green band
of beam staris across the scope... steadily,
no losses... to transition... through it... on
on how far will it go.. on, on {T'S ALL
THE WAY!! Can it be? There it goss
again, all the way as before... and again...
and again. Beautiful, smoath, constant, nc-
loss green band... Look again at the tim-
ing... afl the way... it must be 25 GeV/
I'm told | screamed, the first sound, but
all 1 remember is laughing and crying and
everyone there sheuting at once, pumping
each other's hands, clapping each other
on the back while | was hugging them all.
And the beam went on, pulse after pulse.

Slowly, we came back to earth. John
Adams was first. Looking very calm, he
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John Adams announces the news lo the CERN
staff in ihe Main Auditorium the foffowing
morning. In his hands the famous vodka hoitle
and the pofarcid pholograph it was to carry to
Dubna.

went to the phone to ring up the Director
General, C.J. Bakker, to tell him the news
but Bakker didn't seem to grasp it right
away (could it be that John was just a
little incoherent?) Schmelzer was beaming,
for once even his cigar forgotten, cold on
the ashtray. Schnell looked supremely
happy, he was the hero of the hour. Gra-
dually, | collected my wits enough to
write out a telegram to Brookhaven that
Geibel dashed off to send immediately.
We went over to the Main Control Room
and found Hine calling round to locate
some sort of counter for checking the
energy. Johnsen was saying, heatedly,
‘Did someone change the timing on this
scope ? [ just turned away from if for a
moment and here is the beam going out...
How could it be 25 GeV without poleface
windings con ? But all the scopes showed
the same smooth green trace, cne second
long — it really was 25 GeV. Even more
unbelievable, the signal on the pickup
electrodes gave an intensity of about 107
protons per pulse. No, that can't possibly
be right, we're lucky if it's 10°. Check and
recheck... look at the calibrations... yes,

that number is right, 10'°,

The rest of that evening has been des-
cribed many times. People came flooding
in, 1 dont know who told them the news.
Polaroid pictures of the scope traces were
passed arcund ior signatures on the back,
cherished socuvenirs. Bottles appeared, hy
magic, including the famous bottle of
vedka given to Adams by Nikitin. Bakker
arrived with a bottle of gin under his arm.
Bernardini bounded in, hugged Adams
and Hine, launched into a description of
what he wanted to do as a first experi-
ment, then lapsed into pure Italian. Miss
Steel and the secretaries were there, smil-
ing happily — they had had to put up with
our complaints and bad humours. | remem-
ber Colin Ramm muitering, ‘Where do we
go from here ? What about two or three
hundred GeV ?° (He was ahead of the
times.) | left shortly before midnight fo
pack my suitcases.

Early next morning {at 2 a.m. New York
time) | had a phone call from John Blewett
offering congratulations from Brockhaven
and asking questions. My telegram had

come as a bombshell and the word
had spread rapidly across the United
States. What had brought success?

I told him about the phase-control system
and, since it was similar to the one being
built for the AGS, it was a relief to know
that this was just what the protons liked.

Then out to the Labk for final goodbyes,
over to the Auditorium to hear Adams tell
the story to ail CERN, my PS friends grinn-
ing proudly but no one happier than 1.
Then, Hine was driving me to the station
and many of these good friends there to
see me off with, ‘Well, we did it for you I
General euphoria ir; the air. Just one com-
plaint — Kjell Johnsen, wistfully, “You
know, we've been cheated. It all happened
too fast. | thought we would be happy to
reach transition, then, affer 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 af 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
tracks. The train passes the CERN site.
There is the great PS ring and the glo-
rious memories 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

Parameters of the 28 GeV Proton Synchrotron

Linac

Type of ion scurce

Pre-accelerator (Cockeroft Walton)
Number of Linac cavities

Final energy

Pulse length

Intensity of 50 MeV beam

Peak Linac intensity

Main Ring

Diameter of ring

Magnetic field

Number of magnels in ring
Weight of magnet

Vacuum chamber circumference
Vacuum chamber cross-section
Number and type of pumps

Vacuum pressure

Number of rf. units

Frequency range

Peak voltage of r.f. system

Energy gain per turn

Number of protons accelerated per pulse

Power Supply
Type of power supply

Rotation speed
Weight of flywheel and rotor
Magnet losses
Puise repetition time
for a 20 ms flat top

Operation

Number of internal targets

Number of ejected beams

Number of external targets

Number of experiments fed per pulse

Experimental Facilities
Experimental floor area

Bubble chambers

Number of beam transport elements
Maximum power consumption in Halls

1959 1969

r.f. duoplasmatron
500 kV 500 kV

3 3

50 MeV 50 MeV

10 ps 20 us

about 3 mA about 110 mA
4.8 mA 140 mA

200 m 200 m

147 G to 14 kG 147 G to 14 kG
100 100

3400 tons 3400 tons
628 m 628 m

145 X 7 em? 145 X 7 em?

70 oil diffusion 60 oil diffusion

24 sputter ion
about 3 X 10°¢ torr below 2 X 107 torr
16 . 14

2.9 to 9.55 MH~= 2.9 fo 8.55 MHz

133 kV 143 KV

54 keV (at 12 kG/s) 75keV(at16.7 kGls)

about 3.10™ about 2.10"

Three phase motor Three phase motor
alternator alternator

Twelve phase Two twelve phase
static convertor static convertors
3000 revimin 1000 rev/min

28 fons 90 tons

1.6 MW 28 MW

3 s (25 GeV/c) 1.7 & (25 GeV/c)

5 5 (28 GeV/c) 7.9 s (28 GeV/c}

{Early 1960)

1 3

None 2 fast, 1 slow
None 4

2 o 3 FtoB({plus3to 4

testing/parasiting)
(Early 1960,
about 2 500 m? 9000 m?
{North and South (North, South, East
Halls partially and South-East
available) Halls, plus two
bubble chambers)
8tcmand 2 m
hydrogen 1.2 m
heavy liquid
3 about 250
about 0.5 MW 21 MW

30 cm hydrogen
(in March 71960)

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
cn the way. The article was put together with
the help of P.H. Standiey (FS Division Head),
C.S. Taylor (Linac), G. Plass, W. Richter {Main
Ring), M. Georgifevic {Power Supply),

J.H.B. Madsen (Operalion), and G.L. Munday
{Experimental Areas}.

When the PS was designed many of the
techniques and the associated apparatus
which are now in everyday use on the
machine had not been dreamed up or
were then just not technologically feasible.
No-one could predict either the growing
demands of particle physics or the growing
expertise in the use of the machine which
has led to continucus development of its
versatility. # is amusing to remember the
feeling of slight unease which mingled
with the triumph among the machine buil-
ders when the synchrotron first came into
action. The machine was built and most of
the design staff expected to return home
— this was the simple assumption on
which most of them had come to Geneva.

But ten vears of experience have taught
that an instrument of this kind will proba-
bly never be 'ready’ — ready in the sense
of a machine that is switched on and off
and runs without change. During these
years many modifications have been
introduced and new systems have been
added — to increase its capabilities as a
source of high energy particles, to ease
operation, to improve control of the many
parameters, and to reduce damage due to
irradiation of the synchrotron components.
Even more radical changes will be forth-
coming within the next three or four years
as part of the PS Improvement Programme.

Linac

In 1960, when the linear accelerator began
to provide a beam for the PS on a regular
basis, the task of the Linac Group seemed
to be fairly clear and straightforward. The
staff consisted of the physicists, engineers
and technicians who had actually built the
machine (the theoreticians and designers
having moved to other jobs) and the prio-
rities were only too obvious to the practi-
cally-minded, the reliability of component
paris being measured directly in terms of
lost sleep and lost week-ends. The beam
behaviour seemed reasonably clear as
well. Early measurements suggested that
the energy spread, and the beam diameter
and divergence, were about what one
expected. The problem, mainly, was to
increase the intensity, since it appeared
that the PS could use more protons if the
Linac could provide them.
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On the other hand, as operational neces-
sity forced maore people to learn about the
machine as a whole, the realization dawn-
ed that the classical theory of the 1950's
which had been brilliantly successful in
preducing a machine that worked, was
only a rough approximation to the reality.
The reality was a very imperfect thing —
non-linear, coupled, imperfectly aligned,
unstable and unreliable. The challenge
which emerged then was three-fold; to
improve the reliability, to increase the
intensity, and to understand how it actually
worked as distinct from how it was sup-
posed o work.

These three aims became very closely
coupled together, partly because no dis-
tinction was drawn initially between oper-
ation and development work. Thus as the
engineering improved and the Linac be-
came more reliable, stable and reprodu-
cible, better measurements could be taken
which made it possible to pin-point and
reduce beam losses and to increase the
intensity, but which also made it possible
to ask more questions about the general
behaviour of the machine.
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One simple event in the early 1960's had
a profound effect on the subsequent stu-
dies. That was when one first faced up to
the basic fact that the distribution of par-
ticles in a cross-section of the beam or in
energy was bell-shaped, so that the beam
diameter and divergence {or the combined
property known as emiftance} lost its
clear-cut simplicity, and could vary within
wide limits depending on the sensitivity
of the detector. Equally one could get a
range of energy spread images on the TV
screen by playing with the TV controls.
This led to thinking in terms of the distri-
hutions themselves rather than of arbitrary
limits and this approach has been followed
up to the present day.

Another landmark, trivial in retrospect,
was the realization that the Linac does a
good deal of scrambling of the beam in
the early part of acceleration, so that
whatever is put in to the Alvarez cavities
comes out (Gaussian and spread-out,
although the beam can remember to some
degree if it went in at an angle. This
spreading-out behavicur led to a variant
statement of Parkinsen's law — ‘a beam

The Linac with the lid off. The dritt-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
injectar. The beam enters from the jon source
cofumn at the top of the photograph.

always tends to fill up the available accep-
tance' — of which more later.

The real vintage year for the Linac was
1966, when 100 mA was first accelerated
to 50 MeV (a world first too, followed by
the Serpukhov Linac a vyear later). This
resulted from the installation of a new
ion source of the duoplasmatron iype
combined with a high gradient accelerat-
ing tube. Basically the idea was to accel-
erate particles through the low-energy
region as quickly as possible in order to
reduce the destructive effects of space
charge. This change signified the end of
the era in which higher intensities could
be obtained by making holes in the pre-
injector bigger, and to mark the event the
Linac Group was presented with a metal
reamer, complete with protective cork.

Experience with the 100 mA beam
{140 mA peak value in fact} has shown
that high intensity beams at these energies
have to be handled with extreme care if
density is {o be conserved. There is ano-
ther law of nature, a manifestation of
Murphy’s law, akin to the second law of
thermo-dynamics, which states that any-
thing that you do to a beam will tend to
spoil it

iIf one is trying to conserve density in
an intense beam, then even letting it drift
will do it a mischief; if one tries to bunch
it together it will coze out sideways, and
so0 on. This is really another way of saying
that the beam up to and including 50 MeV
is not ‘'matched’ in the theoreticians’ sense
of being distributed in such a way that it
does not change ifs properties with time.
Until now the distribution has been that
imposed by the ion source and it remains
to be seen whether a better distribution
can be found, and once found how long
it can be maintained hefore it re-shuffles
into the familiar Gaussian.

As an example of the Man-Machine
symbiosis the past 10 years have been
particularly satisfying. Apart from the ob-
vious Freudian symbolism of working with
the Linac, the machine has been generous
in its rewards, if sometimes capricious in
its demands. A whole weck-end of syn-
chrotron operating time was lost once due
to pre-injector breakdown but that in itself
was beneficial since 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 Flementary 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.




‘never again’ and set about a complete
redesign of the 500 kV accelerating tube
with simplicity foremost, as if in response
to a valuable lesson from the machine.
The whole process can be seen rationally,
but human beings are not always rational
— anthropomorphism sets in and one sees
the machine as having a personality and
a will of its own. On one occasion a drink
to celebrate something or other just after
start-up was interrupted when the tele-
phone rang and the MCR anncunced that
the Linac was delivering only 35 MaV
instead of 50 MeV; the person who is far
gone in fantasy sees that the machine was
protesting at being left out of the party.

11 is curious how this awareness of life
in the machine diminishes when it is
switched off for a long shutdown. Then
it reverts to being much more just another
inanimate collection of copper and steel,
and it requires a real effort of imagination
to visualize a beam of protons passing
through things which are so obviously
proeblems in mechenical tolerances and
vacuum and r.f. technology.

One becomes fond of a machine which
has played such a large part in ones life
in the past ten years or so. It will be sad
if it is insulated from people in the future
and teold what to do by a computer. But no
doubt the Linac will have the perception
to see that the computer is only an amia-
ble idiot doing what it is told, and that its
true friends are always there to hold its
hypervolume when it feels ill.

Main Ring

Magnet

Stability of the magnet ring, in the sense
of keeping the 100 separate magnet units
accurately aligned around their circle of
200 m diameter, was one of the prime
concerns when the PS was built. A special
system of suspension was used for the
concrete beams cn which the magnets sit
and this has proved very successful.

Neither Atlantic tides (which were re-
corded on the CERN site in Geneva more
than 500 km from the coast during the sur-
vey for the PS), nor earthquakes in the Va-
lais mountains {(which had lamps swinging
in Geneva) were felt by the synchrotron.

However local excavation work at the PS
— for the East Hall and for the Synchro-
tron Injector — did cause the magnet to
rise by 2 to 3 millimetres. It settled back
clese to its original position once the
normal loading of the area was re-esta-
biished.

There are still 99 out of the original
100 magnet units in the PS tunnel. Only
one has had to be replaced by a spare
(in 1967) due to radiation damage. In
anticipation of more magnets being da-
maged, particularly those near internal
targets and near ejection poinis, more
spare units and spare pole-face windings
(which are particularly susceptible to
radiation damage) are on order. Substantial
work has also gone into 'radiation 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 which was plann-
ed in the PS design, whereas the fourth
is now being installed and ironically the
one which was planned has been
removed).

Many new correction elements have

1761

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

been installed in addition to those provid-
ed at the outset, particularly in order to
compensate defects of the field patiern
at very low field levels. These have includ-
ed vertical dipoles and low-current back-
leg windings (instead of horizontal dipoles)
and different types of quadrupoles —
approximately 80 units in all. Special high-
power windings or special magnets in
straight sections have been installed to
provide the orbit deformations necessary
for ejection purposes. Much effort has
also gone into the many special power
supplies and their controls or servo-loops
which are necessary for pulsing magnet
elements in connecticn with operaticns
like injecticn, ejection, and targeting.

An important question on the PS magnet
will need an answer in the next year or
two. After ten vears of operation and with
much higher beam intensities coming up,
some of the synchrotron magnet units are
almost certain te receive maore radiation
than they can siand. Will it be necessary
to replace the whole magnet ring with
new magnets using more radiation resist-
ant componenis (and maybe without pole
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face windings} 7 Or will the magnet units
be rebuilt one after another spread over
many years ? (This problem is the result
of the performance of the machine far
exceeding expectations. Since the magnets
have withstood ten years of operation at
beam intensities very much higher than
they were designed for, they might — from
the radiation point of view -— have surviv-
ed a thousand years if they had operated
with the ‘design’ beam. This would pro-
bably have been adequate... even for par-
ticle physics )

Acceleration system

Sixteen r.f. acceierating cavities were
installed initially, of which fourteen are
still left in the ring. However, the total
acceleration voltage available per tum is
now higher than in the early days. 1t is
now possible to run, with the new magnet
power supply, at an increased rate of
energy gain hecause the voltage cn each
accelerating gap was raised by 25% in
total following modifications in 1963 and
1966.

This, however, is only one of many
modifications on this system. It is hard
to Imagine that initially it took three
operators — in the Central Building, the
Main Control Room, and the so-called
‘Computer Room’ — to run the accelera-
tion system. It now normally runs for many
days with only little adjustment.

Many man-years have been spent in the
replacement of most of the electronic
circuits of the original sysiem (including
the famous circuit in the Nescafe tin) by
simpler, more reliable, autocmatized ones,
and in the painstaking job of improving
reliability and reducing sensitivity to ra-
diation of the high-power components. By
May 1969, the r.f. cavities had worked for
a total of 50 000 hours.

New facilities are being added such as
voltage and phase modulation for injection
studies, and cavity detuning and voltage
reduction in order to avoid rf. structure
in the slow ejected beam. A critical exa-
mination of the behaviour of the accelera-
tion stations under the conditions of much
higher beam Intensity is under way, and
a completely new design of the phase-lock
system (to remedy the technological short-
comings of the ‘old” design and to meet
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1.

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

Also, a new set of accelerating cavities,
together with amplifiers and power sup-
piies, is about to be ordered. The new
cavities will be powerful enough to cope
with the load produced by a beam ten or
twenty times more intense than the present
one. They will also have substantially
reduced sensitivity to radiation since much
of the equipment will be installed in a
building in the centre of the ring rather
than in the turnel.

Vacuum System

In 1960, the installation of targets in the
PS vacuum chamber required paris of the
chamber to be opened up rather frequen-
tly. At that time the pump controls were
located next to each pump and each time
that air was let in or pump-down re-start-
ed, a vacuum man had to pass from pump
to pump opening and closing the control
cubicles. The mysterious tool used for this
job became the ‘badge-in-trade’ of the
vacuum group.

Then and now. Two aerial views of the proton
syncharotron —

1. Taken lowards 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 fock hard to distinguish the PS ring. The large
East Hal! and the South East Hall have been
added and many ather buildings are crowded
close together. Construction work on the new
Synchrotron Injector and on the Intersecting
Storage Rings is off feft.

Things are now rather more sophisti-
cated. Maodifications started when more
and more equipment began to be installed
in the vacuum chamber. New tanks for
kicker magnets and septum magnets need-
ed additional large diffusion pumps but it
was not always possible to compensate
for increased outgassing rates. Attention
had to be paid to types of material and
to methods of construction for cemponents
used in the vacuum chamber. A biind
hole — trapping a small volume of air —
would no longer pass the installation test.

The different ejection systems required
enlarged chambers. The first of them was
a large insulated chamber made frem
reinforced araldite which resisted zll
efforts to make it vacuum tight. This led
to a much simpler design with two inde-
pendent chambers side hy side. By now
the technique of producing enlarged
vacuum chambers is well understood and
more than 10% of the chambers have
been enlarged for the ejection systems.

Increasing beam intensities caused
radiation damage to rubber gaskets and
though only a small fraction of the 2000



gaskets in the machine have needed to
be changed regularly, these gaskets are
situated af the ‘hottest’ points of the
ring. Metal seals were developed to fit
the existing chambers and began to be
installed two years ago. About 40 %o have
been replaced to date.

Pressure measurements from the 100
straight sections and complete information
on the state of each pump are transmitted
to the MCR.

The wvacuum chamber has not always
been empty when the proton beam has
been switched on! Once the operaling
crew were busy for more than an hour
searching for what proved to be a rag
left In the way of the beam. On another
occasion, a washer was left Iying on the
floor of the vacuum tube. As the magnetic
field rose, it pulled the washer up the wall
of the tube from where it fefl back to
the floor. The effect of this was to swaliow
a changing fraction of the beam during
each cycle. The effect was so clear-cut
and reprecducible that it is a wonder that
washers have not been strewn around the
machine for some method of beam control.

CERN/PI 72.8.69

After ten years of continucus operation
the pumps units — roughing and diffusion
pumps — are being replaced by sputter-
ion pumps. This change will avoid the
increasing maintenance effort for the old
pump units, and will improve the pressure
by a factor of 5 to 10. At the same time, the
change over to metallic seals will be
completed all around the machine and the
existing araldite chambkers will be replaced
by chambers made from ceramic. The
controls and power supplies for the new
pumping system will be grouped together
in the Central Building to allow mainte-
nance with a minimum of work inside the
ring tunnel where higher radioactivity
levels will prevail.

In those places in the ring where high
radicactivity is a problem, remote handling
devices are intended to do most of the
work. Preliminary tests with a remoltely
contrelled robot proved their capabilities
but alsc showed a limitation due to the
very slow working speed. A second ver-
sion, using a servo-controlled manipulator
with two arms, is expected to be much
faster and more versatile.

Machine Instrumentation

Space around the accelerator circumfer-
ence is highly valuable — it is one of the
things that cannot be bought for money
once the machine is built. A development
has therefore been started 1o produce
pick-up electrodes which disappear in the
vacuum manifolds on each magnet unit.
A pair of the old units — which were insuf-
ficlent in number anyway — took almost
a complete straight section of the machine.
The design of an automatic measuring
system was subsequently undertaken. It
will make it possible to measure the beam
orbit around the machine in 40 places
within one revolution and the computer will
print the result. This can be compared to
the present system where the taking of
oscillograph photos alone takes about
30 minutes with the analysis time to be
added.

Many other instruments have been newly
developed during these ten years : various
timing systems, measurement of mean
radial beam position, measurement of the
betatren frequency, a broadband pick-up
system for the investigation of the bunch-
shape, etc.

Ejection Sysfems

Ejection systems — now of tremendous
importance in everyday running as a
means of distributing the accelerated pro-
tons to the maximum number of experi-
menters — were virtually neglected at the
design stage of the PS (apart from one
report which established that a certain
type of ejection would be possible in
principle). Maybe one sees here most
clearly just how much of a step into the
unknown these machines were at the time.

Development work started more than ten
years ago on two distinct systems : fast
ejection (ejection of the whole beam or
part of the beam within two microseconds
— the time taken forthe beam to travel one
turn in the machine) and slow ejection
(production of a long burst of protons).
It involved entirely new apparatus for
which there was very little technological
precedent — fast kicker magnets and
septum magnets for short and long pul-
ses, together with pulse generators for
short high voltage pulses or long high
current pulses. This development work
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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.

continues today as the demands become
still more stringent.

When it became clear during 1969 that
experiments with high energy neutrinos
could be performed at the PS, provided
the whole accelerated beam was available
to the experiment, the development of the
fast ejection system was pushed with high
priority. The first tests on fast ejection
into the South Hall were made in spring
1963, and the first neutrino experiment
took ptace during the summer of the same
year.

Though unchanged in its basic concept,
the fast ejection system has since been
improved and almost entirely rebuilt. It is
now very flexible as far as ejection energy,
number of bunches ejected, and number
of shots per cycle are concerned, gjecting
equally well towards the East and South-
East Halls and soon also towards the
Intersecting Storage Rings. The excellent
performance of the present system —
using a kicker magnet of smali aperture
which is pushed into the machine aperture,
in each cycle — has decreased, for the
moment, the urgency of changing over to
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a system with a static full-aperture magnet.
However, for high intensity operation with
the concomitant larger beam size and
higher radiation levels in the ring tunnel,
such a system is being built.

The study of slow ejection began to-
wards the end of 1960 when it was realized
that betatron rescnances could be put to
use to make protons jump the current
strip of a septum magnet. Schemes pre-
viously considered vyielded very low effi-
ciencies. The first slow ejection for test
purposes was achieved in August 1963
into the South Hall and two years later a
slow ejected beam became available in
the East Hall. A large amount of work
went into the adaption of a number of
components of the synchrotron, into the
stabilization of pulsed currents, and into
making the necessary measuring equip-
ment. In fact, it took almost up to this
10th Anniversary of the machine to find
designers and users of the system equally
content — or ai least moderately so —
the former as to efficiency and the under-
standing of what happens, and both parties
as o the duration and the smoothness of

CERN/PI 16.3.68

Same figures from ten years cf PS operation.

* The figures for 1969 are taken up io the start
of the shutdown on 11 Gctober.

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

the preton burst. The next generation of
slow ejection systems js already being
studied aiming to achieve still higher
efficiency and to have parallel running
with internal targets.

Power supply

Meanwhile... in an adjoining building, many
tons of rotating plant have been providing
the surges of power for the PS magnet.
The magnet power supply is obviously
crucial to the operation of the maghine.
When the power supply stops, everybody
stops. It is also perhaps the most vulner-
able component of the machine, having
to withstand a fierce mechanical cycle
every time the PS pulses, The first power
supply, that came into coperation in 1959
and saw the PS through its first nine years,
had its troubles, but there was only one
very sericus failure and that was after
40 924 500 pulses.

A new power supply is now in action and
the original one stands by as a spare. The
power supply history can thus be divided
intc two parts. In the first, up to the end
of 1965, the original power supply was
developed in several steps to its final
status. In the second the new power supply
was designed, built and brought into oper-
ation to give a substantial increase in the
pulse repetition rate of the PS.

In May 1960 the first improvement of
the original power supply was carried out
when the grid control of the main rectifiers
was modified in order to make a ‘flat-top’
on the magnet cycle which was necessary
for production of a long spill of particles
from a target. This had not been specified
in the original design. In November of the
same year a further modification to the
grid conirol gave a flat-top of good qua-
lity having a uniform ripple with a basic
frequency of 600 Hz. However, the repro-
ducibility from cycle o cycle of the maxi-
mum field was not satisfactory (varying
within 2 %) and the voltage rippie during
fiat-top was high {more than 2 kV peak to
peak}.

The reproducibility problem was solved
in April 1961 when a mean speed regu-
lator was brought into service. This result-
ed in a cycle to cycle reproducibility of
better than 0.1 %,
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In October 1961 a new M-pulse genera-
tor was put into service producing precise
timing pulses in a fixed relation to the
magnet cycle. This was necessary for
general control and measurement. The
timing improved further in 1963 when a
new master timer came into action. The
general timing was then adapted to new
operational conditions and its reliability
was improved.

The problem of high voltage ripple dur-
ing flat-top was largely solved in 1963
when a dynamic ripple filter reduced it
to 30 to 40 V peak to peak. This was
vital for the operation of the slow ejection
system but also improved in general the
flat-top operation.

In December 1965 the last of the major
modifications to the original power supply
' was carried out when a new grid control
was put into service giving more flexibility
in the magnet cycle (such as multiple flat-
top operation) and better reliability.

It was the following February that the
major failure of the power supply occurred.
Circular steel bands covering the overhang
part of the rotor windings in the main driv-
ing motor ruptured either due to fatigue
or to local overheating caused by a short
circuit. The PS was out of action for 3/2
months while repairs, using a new techni-
que to improve reliability, were carried out.
The new power supply had been ordered
the week before the breakdown !

The new supply was planned as part of
the improvement programme of the PS,
the aim being greatly to increase the num-
ber of protons accelerated per second.
While developments on the main ring and
particularly the addition of the synchrotron
injector will 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 heavily on
experience with the original supply.

It came into operation in September 1968
and roughly doubled the pulse repetition
rate. In April of this year, a filter was
added in the alternator exciter rectifier to
improve the flat-top stability. In July, the
grid control was replaced which has result-
ed in a much better overall shape and
reproducibility of the flat-top.

Operation

Operation of the PS has also been an
adventure in the sense of always moving
ahead confronting new problems. The oper-
ators have never been able to rest on
their laurels with a machine that they
could handle thoroughly well, for the
potentialities of the machine have been
continually developing both in terms of
intensity and of versatility in providing
particles for the experiments.

All these improvements could be made
thanks to the numerous additions and
modifications 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 significant. They have lived through
many landmarks in machine performance,
and have enjoyed them with other people
who helped prepare the achievements. But
operating staff have been also on the
receiving end of the complaints of those
most demanding customers — the experi-
mental physicists. It has helped that over
the years they began to acquire a better

understanding of the desires and worries
of the physicists running their experiments.

During 1960, a large percentage of the
running time was devoted to studies of the
accelerator itself, mainly performed by the
designers. It soon became clear, however,
that continuous running for experimental
physics should be entrusted to a profes-
sional operating staff and this has been
done from the end of 1962. A staff strength
in the Main Control Room (MCR) of one
shift engineer and two operators has been
kept constant over the years — in spite of
the various extensions for new equipment
and of the more complex operational
schemes. This was accomplished by intro-
ducing job-tailored controls, improved
operating procedures and, more recently,
by involving more and more a process
control computer.

To make the most efficient use of the
accelerated protons has been one of the
guiding principles in the development of
the machine. In 1960, short and long beam
spills were produced on internal targets,
but they were not perfect — there was
a lack of stability in the spill and the spill
rate on the target was not constant. The
introduction of an electronic filter in the
main magnet power supply in 1962 resulted
in an almost complete suppression of the
ripple modulation in the beam spill. In
1963 new target mechanisms came into
operation with accurate radial and vertical
positioning of the target heads and a servo-
system to keep the spill rate constant.
With complete mastery of simultaneous
target sharing techniques, one concluded
a line of development on producing beams
from internal targets. Further refinements
were introduced later, but the next big
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step forward was not made until the con-
struction in 1968 of fast moving targets,
with which the time needed between
successive operations in the same machine
cycle is reduced.

The PS in 1963 was the first accelerator
to have fast ejection. Numerous improve-
ments to the ejection system made it a
very reliable tool and it has taken over,
from internal targets, the majority of the
work for bubble chambers.

Three months later, the first slow ejected
beam was obtained from the machine.
Contrary to fast ejection, slow ejection did
not then create much interest amongst
the experimentalists as they were happy
with the internal target operation and the
possible advantages of slow ejection could
not easily be assessed. The first experi-
ments using a slow ejected beam started
in 1965 and more followed the next year
using a mocre permanent beam arrange-
ment.

Operating the slow ejection system has
been a headache for the operators from
the start because of the incomplete under-
standing of the slow ejection process and
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the hardware problems involved. The per-
formance of the system has, however, been
significantly improved this year: higher
efficiencies, longer spill times and less
structure. At this point it is perhaps appro-
priate to remember that slow ejection
offers important advantages over internal
targeting : reduction of proton losses in
the machine (essential for future high in-
tensity operaiion} and more freedom in
the lay-out of secondary beams around
the target.

Efficient use of the accelerated beam is
rather difficult to define, but the other aim
in machine development is simple to define
— to increase the beam intensity. Beam
intensity depends, in the first place, upon
the intensity and quality of the beam accel-
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-
sities in the PS.

During the first months of operation,
acceleration of up to 2.10'° p/p was achiev-
ed with a Linac beam up to 5 mA, but al-

The first fast ejected beam from the PS was

obtained on 12 May 1263. This photagraph shows
the beam lighting up blocks of plastic scintiliator
as it travels in air on its way info the South Hall,

ready by the summer of 1960 unexpectedly
good intensities were obtained : 30.10" p/p
with about 15 mA from the Linac. The
intensity conlinued to show considerable
increases up to 1964 and the PS managed
to beat the Brookhaven AGS by a short
head in reaching the figure of 1 terrapro-
ton/pulse (10'? p/p). In the following years
the intensity only increased slightly des-
pite much more intense Linac beams —
up to 140 mA — obtained with a new
preinjector in 1966. Many other factors
also determine beam intensity, such as
magnetic conditions at Injection, the r.f.
acceleraling system, vacuum pressure,
space charge effects, and adequate instru-
mentation. Further work on these factors
resulted in a spectacular jump in intensity
to over 200.10'9 protons per pulse thisyear.
In addition, the coming into operation of
the new main magnet power supply in
1968 has more than doubled the pulse
repetition rate of the machine.

After ten years the sense of adventure
in PS operation still remains. In the imme-
diate future there are the challenges of
still further increasing the PS intensity
with a longer Linac pulse in refined multi-
turn injection and r.f. capture, improving
slow ejection efficiency with a thin elec-
trostatic septum, and mastering the slow
ejected beam structure.

Experimental Halls
and Equipment

it is in the experimental halls of the PS
that the activities of nearly every Division
in CERN come together. The experimenter
is influenced in his concept of the experi-
ment by the theoretician and he is also
influenced, and perhaps limited, by a host
of other people — by the electrical engi-
neer who thinks in MVA, by the electronic
engineer who thinks in nanosecond pulses,
and by the pipe-fitter, mason, wireman,
mechanic, electrical fitter, all of whom
contribute to the ultimate success of the
experiment. The computer programmer
and the computing capacity he has avai-
lable may seem remote from the hardware
on the experimental hall floor but he too
reflects back in terms of the time taken
for an experiment. And, of course, the



experimental halls and equipment feel the
ubiquitous influence of the man from
finance. These are all added to the influ-
ence of the performance of the PS itself.

Efficient planning and organization of
the experimental facilities involving so
many different professions took time to
develop. When the PS first operated in
1952, scmewhat ahead of the most opti-
mistic expectations of the experimenters,
CERN was just not ready to begin an
experimental programme. Now, with ten
years expetience, the programme is den-
sely packed — in space and in time —
and the experimental facilities are vast and
still growing. What follows is a historical
run-through of some of the major events
of the past ten years.

During 1959, there was active prepara-
tion for a somewhat ill-defined experimen-
tal physics programme. Beam transport
magnets and quadrupoles were designed
and ordered. The South Generator House
was built and orders were placed for the
first generators to power experimental
equipment and for a water-cooling system
te cool the magnets in the Scuth Hall. But
when the PS started to run for physics
experiments at the beginning of 1960, none
of the items had arrived. The first beams
were made without lenses and with mag-
nets begged or borrowed from various
sources. Welding generators were put into
service as power supplies and the ordinary
town water was used for ceoeoling. Some-
thing like a third of the South Hall was
still a workshop and the North Hall was
still being used as an assembly area by
the PS Division. (The East Hall was at the
preliminary planning stage.)

In March there was the first bubble
chamber run with the 30 cm hydrogen
bubble chamber which took three days
and nights collecting 50 000 pictures. This
was known as ‘The Long Run’ preceded
by a mountain of memoranda ranging from
instructions to the Engineer-in-charge to
feeding arrangements. The magnet of
the chamber was powered by a generator
at the synchro-cyclotron via a cable link
to the PS.

By the end of 1960, quite a number of
beam transport items had arrived, the
water cooling equipment and the new
generators had been put into service. At

the far end of the South Hall, in addition
to the 30 cm chamber, there was now the
Ecole Polytechnigque Heavy Liquid Cham-
ber. There were already 12 groups using
the PS8, and the exposures made by the
Emulsion Group had already gone to 32
Laboratories, 11 of which were in non-
member States.

During this time many problems had to
be faced: radiation safety, the use of liquid
hydrogen and the efficient use of the pro-
tons available from the PS8. Target sharing
was introeduced so that a bubble chamber
(short burst) and electronics experiments
(long spill) could be served on the same
PS cycle.

In 1961 there was a large extension in
the physics facilities. The 81 cm hydrogen
chamber from Saclay, the CERN Heavy
Liquid Chamber and the Wilson Cloud
Chamber (CERN/ETH) came into operation.
Almost all of the North Hall and a larger
share of the South Hall were made avai-
lable for physics. ‘

The first electrostatically separated
beam was made for low momentum anti-
protons to go into the 81 cm chamber.
The two separators were made by the
University of Padova (one of them, Zadig
No. 1, is still in use after considerable mo-
difications and some lenses were bor-
rowed from Saclay. By the end of the year,
the first two of the CERN 10 m electro-
static separators had been brought into
operation, one for the beam in the North
Hall and one in the South Hall.

Delivery of a second batch of beam
transport equipment started and, by the
end of the year, a third order of 55 addi-
tional beam transport elements was plac-
ed. This was done with the future East
Hall in mind.

The main civil engineering work for the
East Hall was completed during 1962, toge-
ther with the East Generator Building, and
it came into use the following year for the
first technical runs with the 1.5 m British
National Hydrogen Bubble Chamber.

In 1963 the newly installed fast ejection
system was used for the neutrino experi-
ment with the CERN Heavy Liquid Cham-
ber as principal detector. Electronic expe-
riments were then being served in the

South and East Halls by sharing the long
spill using a servo-target.

In 1964 the 1.5 m chamber started oper-
ating successfully with the o2 beam which,
with its 30 m of electrostatic separator,
was able to give a reasonable vyield of
6 GeV/c kaons. Late in the year, the 2 m
hydrogen chamber had its first cool down
and preliminary tests, and beams were
prepared for its use in the following year.
There were then five bubble chambers
around the PS.

In the South Hall, in the main, the
programme and the beams continued as
before and the first use in CERN of a com-
puter on-line took place in the Missing
Mass Experiment.

Studies were under way on new sepa-
rators and new types of beam transport
elements. In particular, the development
of new alumina coated electrodes led to
the first successful tests, under experi-
mental conditions, of a 3 m separator in
which the electric field gradient, for a
given gap, was nearly deoubled. This re-
placed a 6 m separator with stainless steel
electrodes. The studies on beam transport
elements were made with an eye to in-
creasing the over-all beam Ilayout effi-
ciency ; a number of these elements were
ordered for delivery in 1985.

During 1964 there were many worries
that there would not be sufficient power
on the site to carry out the PS experimen-
tal programme as planned, and for a
while the use of large magnets had to be
staggered. However, this problem was
resclved with the helpful cooperation of
the Services Industriels de Genéve.

Three new ejected beams came into
operation in 1965, two of them following
the same line (fast or slow ejection from
straight section 58 to the East Hall) and
protons were ftransported for the first
time into the East Hall. In the South Hall,
fast ejection from straight section 1, at
11 GeV/c, was used to inject protons in-
to the muon storage ring for the g-2 expe-
riment.

The growing use of ejected proton
beams solved some problems, but also
created new ones. The intensive studies
made for a new neutrino beam showed
that a neutrino installation in the South
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A view of the congested East Hall taken in
September before the present PS shuldown.

In the photograph can be seen the beam-lines,
the huts which serve as focal confrof rooms for
the experimentalists (many housing on-line
computers) and, everywhere, concrete shielding
blocks.

CERN/PI 122.9.65

Hall weould be an inefficient and unsatis-
factory arrangement. It was decided there-
fore to have an independent neutrino area
with an ejection system starting from
straight section 74,

The 2 m hydrogen chamber was fed with
10 GeV/c negative kaons from the new r.f.
separated beam using the new fast ejec-
tion system ; prior to this a preliminary
test of the r.f. beam had been made using
an internal target together with the 1.5 m
chamber. The 15 m chamber completed
its programme of physics and prepared
to leave CERN.

The plans that had been made for new
beams were completely re-evaluated at the
time of the breakdown of the magnet
power supply early in 1986. This affected
particularly the East Hall where all the
beams were remade. The construction of
the new neutrino area (to be known later
as the South-East Area) began and plans
werg made for instatling the heavy liquid
chamber, Gargamelle, at the end of the
neutrino area.

For the first time, in 1967, only ejected
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beams were used into the East Hall. The
slow ejected beam from straight section
62 was divided into three primary proton
beams feeding a complex of five secon-
dary beams.

The neutrine area had its first run
with the CERN Heavy Liquid Chamber
filled with propane and took 1.1 million
pictures with a spark chamber experiment
collecting data at the same time. Scon
after the neutrino run had finished, the
Heavy Liquid Chamber was moved to the
so-called ‘Jet-Area’ behind the 2 m cham-
ber.

At the beginning of 1968, the ‘Jet-Area’
was brought into operation. The beam
used was a short extension of the rf.
separated beam feeding the 2 m chamber,
and those particles that did not interact in
the 2 m chamber were transported on into
the Heavy Liquid Chamber.

In summer 1968, there was an abnor-
mally Jong shutdown of four months for
piercing the PS shielding with the tunnels
towards the ISR and the Synchretron In-
jector. In this period, practically all beams
were either considerably medified or com-

pletely rebuilt. In the South Hall, with the
completion of the g-2 experiment, the
fast ejected beam was removed.

The pattern of beams in the Halls has
remained essentially the same during 1969.
Nevertheless two major modifications took
place in the slow ejected beam complex
in the East Hall. There are only two targets
in series in the proton beam instead of
three, which has eased some of the opera-
tional problems existing previously. The
installation of a stopped kaon beam from
an external target gave a forewarning of
the problems that will he faced when the
PS intensity is greatly increased ; installa-
tion had to be carried out in a compact
shielding area where induced radioactivity
levels were high.

Early this year, k11, the first secondary
beam in the South East Area, was used in
conjunction with the CERN Heavy Liquid
Chamber. The programme was interrupted
when a fire broke out on the magnetic
horn that was under test in an ancillary
funnel. A few days later, the 2 m chamber
took its ten millionth picture.



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
Council in 1965 an Improvement Pro-
gramme was approved to increase the
capacity of the PS for particle physics at
energies up to 28 GeV. This programme
has five prongs:

1. To increase the PS repetition rate by
installing a new magnet power supply

2. To increase the PS accelerated beam
intensity by means of a new higher energy
injector (second stage of PS improvement
programme)

3. To provide facilities for Gargamelle, a
large heavy liquid bubble chamber built
by Saclay

4. To build a large hydrogen bubble cham-
ber (BEBC) in cooperation with France
and Germany

5. To build a large spectrometer magnet
and spark chamber system (the Omega
project).

At the same meeting, the Intersecting
Storage Rings (ISR) project was approved
and in addition to the storage rings them-
selves was included an experimental hall
for 28 GeV physics (the West Hall), some-
what larger than the total area of the
existing South, North and East Halls.

To date, the first point of this programme
is completed — the new main magnet
power supply was commissioned in mid
1968; the rest of the programme is sched-
uled to come into operation as follows :

1970 ejection from PS towards ISR,
commissioning of Gargamelle

1971 commissioning of ISR and BEBC

1972 commissioning of Omega and the

higher energy injector (the Syn-
chrotron Injector or Booster).
Thus, in the next three years the com-
plexity of the PS facility will increase
considerably. BEBC, Omega and other
electronics experiments in the West Hall
will require both fast and slow ejected
beams down the same channel. The tech-
nique of sharing simultaneously between
this slow ejection and the internal target

in straight section 1, feeding the South
Hall experiments, must be developed, and,
as now, fast ejected beams will be neces-
sary in the East Hall (for the 2 m chamber)
and the South East Area (for Gargamelle).
All this during the same machine cycle.

The ISR will make more stringent de-
mands on the quality of the accelerated
beam; the PS will become an injector
and not just a provider of protons for
internal or external targets.

All these operations will have to be
carried out with a beam intensity an order
of magnitude greater than in 1968. The
double problem facing the PS is, firstly,
the production of this higher intensity,
with the minimum beam blow-up, and,
secondly, living with this beam once it
has been achieved.

The first proposal to increase the PS
intensity per pulse was to replace the
50 MeV Linac by a Linac of 200 MeV; it
was demonstrated, however, that a multi-
ring slow-cycling booster synchrotron
operating between 50 and about 800 MeV
would, for about the same cost, give more
flexibility and greater development possi-
bilities, particularly for the ISR. A detailed
design study for a four-ring booster (des-
cribed in CERN COURIER vol. 8, page 3)
was completed in 1967 and in January
1968 the Synchrotron Injector Division was
formed to build it.

With adding the Synchrotron Injector,
considerable modifications are necessary
to the PS itself. The repetition rate of the
Linac must be doubled and its beam pulse
length increased to 100 ps. In order to
cope with the increased beam "loading
due to the higher intensity beam and to
provide the higher accelerating voltages
necessitated by the increased rate of rise
of the magnetic field, the r.f. acceleration
system will be replaced. Sputter ion pumps
are being installed to improve the vacuum.
A variety of instrumentation will be added
to keep a good watch on, and good con-
trol of, the beam.

In order that beam losses (and thus
induced radioactivity) are kept within man-
ageable limits the average operational
efficiency of ejection must be kept very
close to the peak efficiency obtainable,
despite the necessity of sharing with
targets. To this end considerable effort

is going into computer control of ejection.
Here again good instrumentation is of
great importance. Equipment inside the
ring and especially around internal and
external targets and ejection systems must
be radiation hardened and designed for
rapid maintenance (or maintenance by
remotely-controlled manipulator).

By the mid-1970's the PS complex really
will be complex. A proton leaving the ion
source will have a wide variety of oppor-
tunities for its immediate future. It will be
accelerated to 50 MeV in the Linac. From
there it can go into any one of four verti-
cally stacked rings in the synchrotron
injector where its energy will be taken to
800 MeV (crossing the Franco-Swiss bor-
der over a million times in the process)
before being transferred (in various possi-
ble combinations with its friends who went
into the other three rings) into the main
PS ring. There it can be taken to peak
energy of 28 GeV and then the possibilities
really open wide. It can remain in Switzer-
land and be fired into an internal target
to feed experiments in the South Hall,
slow ejected to feed experiments in the
East Hall, or fast ejected to feed ‘local’
bubble chambers — Gargamelle or the
2 m hydrogen. It can return to France and
travel several kilometres to the West Hall
being slow ejected for the Omega or fast
ejected for BEBC. If it is not tired of going
round and round, it can spend as much
as a full day at it by choosing fast ejection
into one or other of the storage rings.

Hopefully all these manceuvres will not
in fact be at the will of the proton but
under the control of the PS operators.
However, bringing all these systems into
operation together efficiently is a chal-
lenge which sustains the interest which
fired the first builders 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 (Sl), 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 Universities, Institutes and Laboratories who have participated in the
experimental programme of the proton synchrotron during the past ten years. This
participation may have been in electronics experiments, in film analysis from bubble
chambers or in nuclear emulsion analysis. Teams from many centres, especially of
course those from CERN Member States, have been heavily involved in the programme
for many years. Others have participated only briefly but all have drawn some material

for their physics research from the PS.
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Research at the PS

Two articles bringing out some of the highlights
of the particle physics research carried cut at
the proton synchrotron during the past ten years.
The ariicles divide between the itwo technigues
— ‘electronics’ experiments invoiving the use of
counters and spark chambers, and bubble
chamber experiments involving the use of
hydrogen and heavy fiquid bubbie chambers.

1. Electronics
experiments

G. Cocconi

During the past ten years, a good fraction
of the research at CERN has centred on
the use of the proton synchrotron. The
nature and the quality of this research are
5o intimately connected with the possibi-
lities offered by the accelerator, that, in
tracing the history of this period, it is not
clear whether the main responsibility for
the achievements (and even for the few
failures) rests with the physicists who
performed the experiments or with the
engineers who operated the accelerator
and organized the experimental halls.

As a physicist who spent most of this
time arcund the PS, | will present my
recollections and my appreciation of the
research with the so-called ‘electronics’
techniques, i.e. with apparatus incorporat-
ing detectors giving electronic responses,
such as scintillation counters, Cherenkov
counters, and spark chambers.

At the beginning of 1960, when 25 GeV
protons first started to hit the PS internal
targets regularly, the relatively small group
of physicists present at CERN was not
really ready for experimenting with the
various pessible beams of secondary par-
ticles. Though this is a situation that easily
arises whenever a facility far superior to
the already existing ones enters into oper-
ation, in 1960 our preparation was abnor-
mally poor : in post-war Europe there was
no tradition of high energy research, and
in CERN (only a few years ofd) most of the
activity had been devoted to the construc-
tion of the accelerator itself. In 1960, the
secondary beams were analyzed using a
total of only three small bending magnets
{borrowed from the 600 MeV synchro-
cyclotron) and with ne quadrupoles. Only
at the beginning of 1961 did the first
standard 1 and 2 m bending magnets
arrive, and also some quadrupoles, and by
the end of that year we could count on 20
units (now we have about 400 units}. For-
tunatety, good electronics, with resolving
times in the nanosecond range, was avai-
lable in situ, thanks 1o the research which

had been in progress for some years at
the synchro-cyclotron. Also, the analysis of
the secondary beams was facilitated by
the availability of a differential Cherenkov
counter that a group in CERN had built
and studied in advance.

This slow start explains why the first
results were rather modest, and gives more
meaning to the present flourishing status
of Eurcpean high energy research. Al-
though it would be interesting to follow,
year by year, the chronicle of all experi-
mental achievemnents, | will select only a
few lines of research that have flourished
at the PS.

As a first example | will take the series
of ‘missing-mass’ measurements. in a cof-
fision between two particles, the detailed
measurement of the momentum spectrum
of one of the particles emerging from the
interaction gives valuable information
about the mass of the ‘missing’ bady form-
ed by all the other particles produced.
Measurements of this kind in protan-proton
collisions were started at the very beginn-
ing of PS operation, and showed that the
missing masses which are associated with
the production of a baryon preferred some
well-defined values, the first indication of
what is known today as the ‘peripheral’
production of baryonic states.

The same principle, applied in 1964 to
pion-proton collisions, where bosons plus
one proton are produced, led to the disco-
very of several massive mesons. The
search for meson resonances soon took
advantage of a new technigue : the wire
spark chamber, which was invented at
CERN by F. Krienen and which is now,
connected on-line with a computer, of
wide-spread use in high energy research.

An aim of the missing-mass experiments
is to find how large is the population of
excited baryons and mesons. So far, more
and more excited states have been disco-
vered as higher and higher mass regions
have been investigated. We do not know
how far the complexity of hadronic matter,
this matter that can be created by pumping
energy into a few particles, can go. Is
there a ‘uranium’ for these particles ? It
is to pursue this kind of research into the
region where still heavier bosons could
be produced, that a CERN-Swiss group is
preparing to work with the more energetic

particles available at the 76 GeV Serpu-
khov accelerator,

Another avenue of research that has a
strong CERN imprint is the study of pro-
ton-proton scattering. This started in the
very first years of PS operation, when the
proton beam was that scattered out of
an internal target. Later (1965) the study
benefited greatly from the existence of an
ejected pfoton beam. (The slow ejection
was by itself a remarkable feat of the
CERN accelerator experts.) Precise mea-
surements of the proton-proton differential
cross-section at small, as well as at large,
scattering angles, revealed that the proton
is not a point-like ‘elementary’ particle but
has a complex structure, of about 1 fermi
{1 x 107" cm) radius, whose boundaries
become sharper as the collision energy
increases. The experiment is still going on
as one feels that better precision and
higher energies can give a clue to the
rnature of the complexities hiding inside
the nucleons.

The study of neutrino interactions is an
interesting story. It started unsuccessfully
when in 1961 a stili inhomogeneous and
inexperienced group tried to observe inter-
actions of neutrinos produced by the
secondary beams created in the PS, and
made some mistakes in evaluating the
fluxes of particles available. In the mean-
time, physicists from Columbia working at
Brookhaven, discovered that the neutrinos
produced by muons behave differently
from those produced in nuclear beta-decay;
an unexpected result of deep significance
for the understanding of the weak inter-
actions.

Further experiments at CERN, both with
spark chambers and with a heavy liquid
bubkle chamber, coupled with original im-
provements in the handling of the second-
ary beams (the famous neutrino horn of
S. Van der Meer), brought to Europe other
important results in this field. For instance,
it was found that the proton behaves also
for neutrinos as a complex body of about
1 fermi radius, and not as a point, as
many theoreticlans expected. Furthermore,
the neutrino-nucleon cross-section was
observed fo increase as the energy of the
neutring increases. This suggested that the
neutrino, which at the energies explored
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thus far interacts with matter only very
weakly, could perhaps become as stron-
giy interacting as the hadrons, at cosmic
energies. The clarification of this point
must wait for accelerators providing beams
of energy substantially higher than those
available at present.

The search into the unknown is pursued
with a high energy machine like the PS,
not only by attempting experiments that
can bring to light new unexpected pheno-
mena, but also by testing the limitations
of theories whose validity is we!l confirmed
by the existing experimental evidence. In
CERN the best example of research of this
kind is the test of electrodynamics per-
formed by measuring the magnetic mo-
ment, 1, of the muon. Quantum electro-
dynamics predicts, with an uncertainty of

some units in the fast figure, that the
gyromagnetic ratio of the muon has the
value g = -2 % = 200233 174.

eh/mg

Measuring the precession of mono-energe-
tic muons in a magnetic field it is possible
to check this prediction with a precision that
depends on the energy of the muons. The
first attempt was started at CERN in 1959
by a team of European and American

CERNIPI 2111.69
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physicists, using 200 MeV/c muons produc-
ed by the synchro-cyclotron. The resuit
(1961) was g = 2.002324 * 0.000010. This
confirmed the theory within about 1 part in
10% In 1964, a new apparatus was built
that permitted the use of 2 GeV/c muons
from the PS, and the work of five years
has now produced the figure 2.00233232 +
0.00000062. This checks the theoretical
expectation within some paris in 107, We
are now starting to assemble an apparatus
which, using 3.2 GeV/c muons, will permit
a gain of another factor of at least ten in
precision.

Obviously, the possibility of pushing the
test of a theory to these limits has an
esthetic beauty in itself, but it alsc gives
us moere confidence in our understanding
of the vast class of phenomena governed
by electroedynamics. On the other hand, as
the precisicn of these measurements pro-
gresses even further, we will be brought
inescapably into contact with the limita-
tions of the theory, and will have to face
the reasons why the theory is no longer
valid beyond a certain level.

Wide gap spark chambers detecting charged
particles in a ‘'missing mass’ type of experiment
recently completed at the proton synchrotron.
This particutar experiment extended the search,
which had previously revealed seven new mesons,
infc a range where still heavier mesons could

be detected. The search is to be extended still
turther in 1970 by a CERN/Serpukhov leam at the
76 GeV proton synchrotron in the Soviet Union.

I will end this selective description of
the PS8 research programme with two
examples of more recent trends. One pro-
ject started in 1964, after the discovery by
Fitch and Cronin at Brookhaven in 1963
of the anomalous decay of the long-lived
(5 x 107® s) neutral kaon into two pions —
anomalous because the decay inio two
pions is permitted for the short-ived
(8 x 107'° s} kaon but should not occur,
according to the known rules of quantum
mechanics, for the long-lived. What pro-
duces this anomaly ? The problem is stiil
open, notwithstanding the concentrated
effort of many teams of physicists on both
sides of the Atlantic. What Is involved here
is the apparent violation of what was
beiieved to be one of the fundamental
tenets of quantum mechanics, the inva-
riance of CP {charge and parity conjuga-
tion).

In CERN, no less than six teams have
conducted some of the most elaborate and
ingenious experiments, involving Cheren-
kov counters, optical spark chambers and
wire spark chambers, in an attempt to
resolve this anomaly. Next year three new
experiments will continue the search.

The common aim of the second group of
‘recent trend’ experiments is the detailed
study of the scattering of various particles
by protons, so as to be able, for example,
to establish the quanfium numbers of the
resonances produced, or the nature of the
forces that give rise to the scattering.

Until a few years ago it was hoped that,
at each energy, the precise measurgment
of the differential cross-section as a func-
tion of the polar angle of scattering, aver-
aged over all azimuthal angles, could give
sufficient information. It turned out that
while this is perhaps true for the study of
the states with the lowest quantum num-
bers, as soon as the complexity of the
system increases it becomes imperative
not tc average over the azimuth. This
means that we have to utilize not isctropic
but polarized targets, where the protons
have all their spins aligned in a fixed
direction.

Scattering experiments with polarized
targets have been vigorously pursued in
CERN during the last few years, and the
most advanced systems built thus far for
high energy research have been realized



The muon storage ring which was used in the
measurement of the 'g-2' of the muon. This
experiment was the most refined test {o-dale

of the limits of the validity of quantum
electrodyramics. A fan of counters to detect the
electrons produced as the muons decaved, can
be seen ins'de the ring.

here with the help of a team of physicists
from the solid-state laboratory of A. Abra-
gham in Paris. Three teams are at present
carrying out experiments of this kind, with
targets in which up to 50 % of the protons
are polarized.

The fact that | have described only six
lines of research that have developed with
success around the PS during the last
decade, should not give the impression
that the many other experiments conclud-
ed or in progress are less interesiing or
less promising. And the fact that | reported
the results in a rather simple way should
not give the impression that the knowledge
acquired is commonplace and somewhat
anticipated.

It is the bhabit of people who try fo
interrogate Nature and, from the answers,
to formulate new questions, to show a
certain detachment and apparent coldness
towards the finished experiments, even
when the results are new and of great
moment. This is because the scientist is
trained to accept Nature as the norm of
truth, and Nature's ever deeper and more
astonishing variety is to him a continucus
reminder of his ignarance. But there is
no doubt that in the experiments | have
described, as also in many of the others,
the results were radically different from
what experimentalists and theoreticians
expecied. Ten years ago we were con-
vinced that the properties of strongly
interacting elementary particles, in the
GeV ranges and beyond, could in some
circumstances be similar to those of a
hard ball and in others to those of centres
radiating a few kinds of mesons and
baryons. The weak interactions were
expected to be all of one type, obeying
the rules learned from the behaviour of
the decay of nuclei. In both cases we
were grossly wrong, and if | am allowed
to enclose within a unigue frame the
complex variety of phenomena that has
manifested itself during the last ten years,
| would say that as the energy per particle
increases, all interactions — strong, elec-
tromagnetic and weak — are showing the
common property of producing complex
states, of ever increasing mass and rather
constant lifetime : a mechanism that re-
sembles the opening of a Pandora’s box
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containing more and more winds 2s more
energy is cempressed into it.

The problem that we are now facing
after ten years of research is, ‘What kind
of wind Is contained in our Pandora's
box 7 That elusive stuff is called 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 ability, given
enough energy, to build structures of
greater and greater complexity, short-lived
in our time-scale, but lasting long enough
in the particle's time-scale, to possess
well defined structure.

Faced with this new, complex world, we
find ourselves (to finish with a timely com-
parison) like a man from the moon who
from his experience was led to think that
atoms could combine only in the simple
molecules found in rocks and dust — the
molecules that even the scorching solar
wind is not abie to destroy on the lunar
surface. On landing on our planet, he
discovers that the possibilities of the
world of molecules are much more numer-
ous and complex. That carbon, hydrogen,
oxygen and a few other atoms, when put
together in a ‘gentle’ way, can give rise
to organic molecules that are rather un-
stable but are of almost infinite variety
and millicns of times heavier than those
of the inorganic worid.

How large can the big ‘molecules’ buitt
with quarks or partons become; and how
do they behave ? These are the questions
that our work has allowed us to formulate
and that summarizes the direction of our
future efforts.

It is for these reasons that | think that
here in CERN we can feel confident of
having fulfilled, during these ten years,

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

‘The main human {lesson drawn from
investigations of phenomena ever more
remote from ordinary experfence is the
recognition of the inseparability of objec-
tive knowledge from our ability to put
questions fo Nature by means of experi-
ments suited to give unambiguous ans-
wers. It is theretore imperative that physi-
cists taking part in such inquiry can have
the opportunity of getting experience
about afl aspects of the situation. This
would, however, be impaossible for scien-
tists from couniries 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 | feel that |
can paraphrase the famous answer given
by Faraday to the Minister who was asking
whether his research on electromagnetic
induction was leading to something useful.
While Faraday said ‘Sir, I do not know to
what it will lead, but I am sure that even-
tually you will tax i¥', I think that to the
same question, asked about high energy
physics, we can reply, ‘Sir, | do not know
to what it will lead, but | am sure that
eventually you will need it to understand
what you are’.
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2. Bubble
chamber
experiments

J. Meyer

Before the PS came into operation it was
evident that a great deal of physics re-
search could be undertaken with bubble
chambers, the principle of which had just
been discovered by Glaser and which
were coming into use in great numbers
in the United States. CERN plunged into
the use of this technique constructing
hydrogen and heavy liquid {to take pro-
pane or freon) chambers and supporting
the operation for many years of chambers
constructed in some Member States.

A whole series of complex technological
problems had to be tackled with regard
to the bubble chambers themselves, the
particle beams to feed them and the
techniques for their analysis. Successful
and, in some cases, original solutions in
the provision of pion, kaon, proton and
anti-proton separated beams, and in the
processing of events recorded on photo-
graphic film have enabled more than 20 mil-
lion 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 electronics
equipment. It enables collisions to be
detected and measured with uniform effi-
ciency in all directions. On the other hand,
only about ten incident particles may be
analysed per PS cycle. Electronics equip-
ment can accept over 100000 particles,
but their detection efficiency is generally
strongly dependent on a complicated gec-
metric arrangement of detectors. The heavy
liguid chamber adds to detection possibi-
lities since it may record and yield
efficient measurements of electrons and
gamma rays, which is more difficult with
hydrogen chambers.

The physics results obiained from
bubble chambers have been largely the
result of collaborations between varicus
European groups, some of which have
included CERN scientists and some of
which have been entirely external groups.
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These large collaborations have been
necessary to tackle the problem of ohb-
taining significant statistics -— hundreds
of thousands, even millions, of pictures
must be taken and the processing of this
mass of information is long and complex.
The collaborations have been set up be-
tween different groups in different Member
States and to a lesser extent in other
European countries or in the United
States. in this way over a million events
have been measured in the last twelve
months.

In a shert summary it is not possible
to enumerate all the results obtained over
the past ten years since the PS started
operating, because they are so numerous
and also because it is not always easy to
judge their intrinsic value : what was im-
portant yesterday may not be so today
and results which are considered of little
account today may prove to be important
tomorrow in the light of theoretical devel-
aopmenis. Therefore, | shail limit myself
te giving a sample of certain important
studies and cases where the contribution
made by European Laboratories was of a

A photograph taken during the iatest series of
neutrino experiments at CEAN. The heavy lNquid
hubble chamber was tilled with propane and the
photograph shows the interaction of a neutring
with a 'free’ proton, the first time such
interactions had been obgerved. The neutrino
enters from the botiom of the photograph and
interacts with a proton to give a proton (short
track fo the right) a muon {long upward track)
and a positive pion which decayed into a positron
‘the tight spiral).

picneering nature : when the discovery of
phenomena was made in Europe or when
it was made simultaneously with USA
work, or when the results obtained from
pictures taken at CERN made a decisive
contribution towards a better understand-
ing of important physical processes.

| shall list some major results obtained
with hydrogen and heavy liquid chambers
in three broaq fields of elementary par-
ticie physics: weak interactions, the dis-
covery and study of particles and reso-
nances, and the study of the production
mechanism in high energy collisions.

Weak interactions

1)} Verification of the rule A § = A Q.
This rule states that the distribution
in time of neutral kacns decaying into
a pion and a lepton pair follows a well
defined law, A heavy liquid chamber
experiment showed that within experi-
mental errors, the law is valid.

2) The study of leptonic decays of charg-
ed sigma hyperons in a batch of more
than a million sigmas has made it




3

4)

5)

possible to measure the ratio of the
axial and vector coupling constants
and to check the agreement with
theory. On the other hand, a& search
of decays contrary to the rule
A S = A Q was undertaken and an
upper limit to the rate of violation of
this law was obtained. Lambda hyperon
laptonic decays were also analysed in
order to measure the ratio of the
coupling constants.

Various experiments were made to
verify the law A | = 12 in strange
particle decays.

Precise measurements were taken of
the form factor of the positive kaon
decaying into a pion, a muon and a
neutrino.

Large heavy liquid bubble chambers
provide an adequate target for the
study of neutrino interactions. This is
a most interesting field and the CERN
chamber, exposed to neutrino beams
has provided valuable information on
the ‘elastic’ interaction of the neutrino
with a neutron yielding a muon and
a proton.

6)

7}

One of the great discoveries of recent

.years has been the decay of the lang-

lived neutral kaon into two pions. This
phenomenon indicates a CP violating
kaon decay and numerous experiments
have been carried out in Europe and
in the United States to measure the
decay rate. The Iiterature contains
varicus contradictory results on the
rate into two neutral- pions. The meas-
urement in a heavy liguid chamber
experiment at CERN gave a value
which was not in disagreement with
the ‘super-weak’ theory.

Precise measurements have been taken
of the average life-times of the neutral
xi and the positive and negative sigma
hyperons.

Particles and resonances

1)

2)

The anti-particle of the xi-hyperon, with
strangeness —2, was discovered during
the study of antiproton-proton collisions
at 3 GeV/c.

The relative parity of the lambda and
neutral sigma hyperons was found to

5)

be positive from a study of the decay
of the sigma into a lambda and an
electron pair.

Different mesen resgnances have been
discovered and in many cases their
branching ratios and gquantum numbers
have been measured, in particular the
following states: f°, Ay, A2, C, D, E, the
KK threshold effect, g, K* (1400},
L (1800). The importance of the contri-
bution “of physicists using pictures ta-
ken at CERN may be appreciated when
one considers that at the present time
only aboui thirty meson states have
heen conclusively identified.

The spin and the parity of K* (830),
whose existence was firmly estab-
lished previously, have been measured
by an original method using stopping
antiprotons.

Baryon resonances of strangeness -1 in
the mass region 1600 to 1900 MeV
have been the object of an exhaustive
study in a systematic ‘formation’ exper-
iment. A new resonance A (1830} has
been discovered and its spin and
parity have been determined. Spin and

The ten millionth photograph taken in 1968 with
the 81 cm hydrogen bubbje chamber which came
to CERN in 1961 initialty on foan from Saclay.
Positive kaons with a momentum of 0.98 GeV/ic
enter from the jeft. 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 pfon, a positive kaon {which
decays at (1) and peutral parficies, af (¢) the
interaction gives a positive pion, a proton and

a neutral kaon which decays into two charged
prons, at {d). The 2 m hydrogen bubhle chamber
aiso reached ten million pictures in September
of this year.
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parity together with branching ratios
have been successfully measured for
A (1660), A (1670), A (1690}, X (1760)
and A (1815).

6) Three baryon resonances of strange-

ness —2 have been identified by
means of European bubble chambers :
E*{1820), E*{(1930) and =*(2530) —

these constitute about 50% of the

2 * family currently known.

High Energy Production Mechanisms

1) Since the first experiments in 196Q, it
has hecome evident that a large num-
ber of high energy collisions are of a
‘peripheral’ nature. This means that in
reactions of the type
xt + p—=p + mesons
K-+ p— A + mesons
K-+ p— 2 + mesons
PH+HpoAT+A
baryons are produced preferentially
with a low kinetic energy. The study of
many reactions with a momentum
exceeding 3 GeV/c has shown sub-
sequently that ‘peripberalism’ is a
dominant characteristic in high energy
interactions.

2) The characteristics of bubble chambers
which enable several reactions to be
studied simultanecusly have made pos-
sible the discovery of the importance
of two-body and quasi iwo-body reac-
tions. This affects reactions of the type
A+ B-— C -+ D where C and D are
either stable particles or resonances.
At high energies these reactions are
responsible for a sizable fraction of
the total cross-section.

3) Tne differential cross-sections for thir-

teen quasi two-body channels have
been analysed in detail and breaks
have been shown to exist there.

These results indicate that the struc-
ture observed in a channel may be
correlated with the nature of the par-
ticles {(or trajectories) exchanged. The
measured ¢ross-sections were compar-
ed with various theoretical models.

4} Information has been obtained on the
nature of exchanged particles by meas-
uring the density matrix elements of
the resonances produced in quasi two-
body reactions, for example — the
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study of K *(890) produced in the
reactions K- + p — K *890) + nu-
cleon and K* + p — K *(890) + p at
high momenta.

5) Backward peaks have been discovered
in the quasi two-body reactions for
pion-proton and kaon-proton interac-
tions. They are evidence for the baryon
exchange mechanism and have been
interpreted in terms of this mechanism.

68) A systematic study of the variation of
two-body and quasi two-body cross-
sections has been made in terms of
the incident momentum. It was found
that they varied as p™ and all the
reactions could be classified rough-
ly in four groups, according to the
value of n, each group correspond-
ing to exchange processes of a well
defined nature.

From this list it is evident that European
physicists, using bubble chamber photo-
graphs taken at CERN, have mdde a very
positive contribution to elementary particle
physics. Although the bubble chamber is
an instrument essentiaily adapted to the
study of strong interactions, significant
and sometimes very precise measurements
have been taken in the field of weak inter-
actions. Inthe domain of strong interactions,
physicists have succeeded in discovering
numerous resonani states and in determin-
ing their properties and the properties of
others already discovered elsewhere.
The results thus obtained have made a
significant contribution to the main theo-
retical developments of the last few years,
namely the classification of particles and
resonances by unitary symmetry models
and Regge trajectories.

Finally, several extremely important ex-
perimental laws governing the field,
which was completely untouched ten years
ago, of high energy collisions were dis-
covered in bubble chamber experiments
and their interpretation has stimulated
theoreticians to a deeper insight into
efementary particle interactions.

For
entertainment

Suppose the PS is running non-stop all
the year round, accelerating 10°? protons
per pulse every two seconds... try to guess
{or even calcufate) how jong 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 mm?®) ?

&) To accelerate as much charge as
passes through a 100 watt bulb (250
volf mains) in ohe second ?

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

Answers at the bottom of the column.

Nature, it seems, is the popular name
for milliards and milliards and milliards
of particles playing their infinite game
of billiards and billiards and billiards.

This is a grook (short aphoristic poem)
called ‘Atomyriades’ from the book
'‘Grooks’ by Piet Hein produced by MIT
Press, Cambridge, Mass. (§1.5 paperback).

What does a European pay to have CERN
in 1969 ? 1t 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 haly 0.485
Belgium 0.94 Netherlands 0.90
Denmark 1.12  Norway 0.85
Federal Republic

of Germany 71.01 Sweden 1.37
France 0.99 Switzerland 1.38
Gresce 0.17 UK. 0.96

it averages out af 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.
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And now, a NIM-compatible and practical European Standard for
100MHz + 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.
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Inputs Impedance 50 ohms + 279/,
Reflections 'ON’ 20 %/, max (capacitive)
Reflections 'OFF' 15 9/ max (inductive)
Voltage — 700 mV typ.’ e
— 600 mV min. for coincidence
—100 mV max. for anti-coincidence
Overlap LIN 2nsmin. forsingles

2nsmin. for 5-fold

OUT,OUT 1.5 ns min. for sihgles
1.25 ns min. for 5-fold

Linear outputs Impedance High, 16 mA current sources. Unused
outputs need not be terminated.
Rise Time 1.8 ns max.
Fall Time 2.0 ns max.
Width, equal to (Overlap + 1.0) ns for singles
(Overlap — 1.0) ns for 5-fold
Rate 200 MHz max.

Propagation delay 6 4 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 outr 85+ 1ns

Width ouT 90+ 1ns

Rise time OUT 1.5 ns max.

Falltime OUT 2.2 ns max.

Rise time E)E 2.0 ns max.

Fall time OUT 2.2 ns max.

Rate Greater than 50 MHz

Propagation delay 10.5 4+ 0.75 ns for sinéles
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: Verkaufsbiliro Miinchen, Kaiserstrasse 10 ELECTRONICS

8000 Miinchen 23

Tel: 348016

France: Numelec, 2 Petite Place, 78-Versailles Switzerland: P. O. Box, 4500 Solothurn 2
Tel: 951-29-30 Tel: (065) 4 88 21, Telex 34228




For people who
- want to choose
- thebest,
no matter how
little it costs

-~ Thenew
Digital PDP-15




First, we'll tell you something about
medium-sized computers, you know
already.

They're a pain in the neck.

Because all the ones you've cver seen
up to now come with big price tags and
nothing like the kind of versatility you want,
unless you're willing to fork out a fortune
to get them tailor-made to your
requirements.

Hence, the new Digital PDP-15
medium-sized computer. Really four
medium-sized computers for you to choose
from. Not just one. All costing you far less
than any comparable competitive
computers.

It won't have escaped you that a range of
four computers means a fair old bit of
versatility. But you couldnt possibly know
just how much versatility,

So we'll tell you. Because the PDP-15
comes in four different packages vou get
different peripherats and different levels of
software, for different budgets and different
needs. All upward compatible.

Offering peripherals and software in
standard configurations is what allows us
to offer substantial price reductions on all
four systems.

All but the basic POP-15/10
configuration are monitor-controlled to
permit ease of use and device
independence, This means that vou get
your programs ‘en the air’ quickly, Without
having to change them every time you add
new devices,

Actually, the PDP-15 is both new and
not new, New in its high-speed I1/C

meetings of DECUS, the Digital Equipment
Camputer Users Society,

Now that you've discovered &
medium-sized computer that's anything
but a pain in the neck, undoubtedly you'll
want to find out all about it

PDP-15/10 4,096 18-bit words of
800-nanosecond core memory. Teletype
Model ASR-33 console teleprinter.,
COMPACT Software System including
asscembler, editor, debugging aids, and
mathematical and utility routines.

PDP-15;20 Advanced Monitor System :
8,192 words of core memaory, KSR-35
Teletype for extra reliability, two DECtape
transpdrts and control units, high-speed
paper lape reader/punch, Extended
Arnthmetic Element for high-speed
arithmetic operations and register
manipulation. Advanced Monitor System
with FORTRAN IV, FOCAL-1D,
MACRO-15 macro assembler, linking
loader, batch processor, system generator,
scientific library, and comprehensive
debugging and utility routines.

PDP-15/30 Background/Foreground
System 16,384 words of core memory,
KSR-35 Teletype, Extended Arithmetic
Element, Automatic Pricrity Interrupt
System, Memary Protect System,
high-speed paper tapc reader{punch.
three DECtape transports and control unit,
real-time clock,.and a second on-line
Teletype for background use, Background/
Forsground Monitor System combining al}
Advanced Manitor functions with con-
current execution of real-time foreground

technaology. Expanded instruction set,
Improved expandability. Not new because
PDP-15 users can draw cn the software
and apyplications expertise that stand

behind several generations of Digital
computers. Some 900 of our machines are in
use in Physics applications throughout

the world.

Major areas include Nuclear data
acquisition and analysis, reactor and
instrumentation control and film scanning
Not to mention hundreds of aother
apulications in various sciences.

In addition to all the standard PDP-15
software, new users can share in the
Program Library and exchange of
information at regularly scheduled

tasks and program development or other
lower-pricrity background computation.

PDP-15/40 Disk-CQriented Backgroundf
Foreground System: 24,576 words of core
memory, KSR-35 Teletype, Automatic
Pricrity Interrupt System, Memory Protect
System, high-speed paper tape reader/
punch, two DECtape transports and control
unit, RF156 DEC-disk control and two
RS09 random-access disk files, real-timo
clack, and a second an-line Teletype for
background use. Disk-oriented version of
the Backarcund/Foreground Monitor
System. allowing concurrent execution of
real-time tasks and background
computation, in addition to all standard
Advanced Monitor functions.

CER 1

COMPUTERS - MODUILES

Arkwright Road, Reading, Berks.

Tel: (ORE 4) 85131.

Bilten House, Uxbridge Road, Ealing, W.5.
Tel: (@1) 5792781, and 12 Upper Precinct,
Walkden, Manchester. Tel: (061} 790 4591,

Offices also in Geneva, Switzerland, Paris, France;
Munich and Colagne, Germany; Stockholm,
Sweaen; Milan, ftaly;, The Hague, Netherlands;
Sydney and YWest Perth, Austrafia: Carleton Flace,
Toronto, Montreal and Edmonto, Atherta, Canada
and in principal cities of the U.S.A.
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Introducing C&N

products & services

Design and Development

Full manufacturing services

Sputtered lon Gun Hill/Nelson, Electronic production Particle Track Computer for beam
Harwell design for research and transport systems.

production in lon implantation; A Hansford/Aspley Harwell design
Micro polishing; damage which is an excellent adjunct
studies efc. to large accelerator systems for
Full range of ancilliary the pre-setting of beam transport
Accelerator equipment available systems.

Co-ordinate and
Digital Products

Enclosures and racking
systems

Control Cubicle
designed and
manufactured for

Single/Double sided

P.C. boards
research
experiments
at Harwell,
Delay Module Cern Typical of our
design type N9053 design and
Lypiclal of our ; man[.lfacturing
eveloping range o . services
activity in NIM, 2000 For fast prototype S_GI:VICB for large
and other modular communicate wit experimental
systems. our Newbury branch projects.

C&N(Electrical)Ltd

Head Office & Sales : The Green, Mumby Road, Gosport, Hampshire, England.
Telephone : Gosport 82391 Telex 86121
Newbury Branch : Hambridge Road, Newbury, Berkshire, England.
Telephone : Newbury 3964

REPRESENTATION IN VARIQOUS OVERSEAS COUNTRIES
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S0t destné  ccaeaen rro. IVTICRO-PLAS MA®
Bgfgt?ghgfttgrri]éur 180 x 104 mm PLA SMA FIX 4 0
Soudé avec l'appareil PLASMA-

Ir;l’fé:gté du courant de soudage

28 A.

(Réalisation CERN)

Le PLASMAFIX 40 contribue au
succes des investigations dans
le domaine nucléaire. Il permet
la réalisation d’équipements qui
necessitent 'assemblage d'éle-
ments de trés faible épaisseur,
garantissant une parfaite étan-
chéité et une résistance mécani-
que supportant les contraintes
les plus sévéres.

Nombreuses références.

S.A. des Ateliers de Sécheron
Division Soudure 1196 Gland

SéCheron Télephone 022 641381 Telex 22 439

Représentation MICRO-PLASMA pour la Suisse:

MAX G. MEISTER, Léwenstrasse 25, 8021 Zurich, Tél. 051 27 0392
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Type 2004 FOUR-FOLD GAMAG SCALER

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 heen
incorporated and the input specifica-
tions are those readily obtainable
with current TTL technofogy.

ELECTRONIGQUE

4 fOLD
SCALER

T

®6

z
- -]

9

iNA

Z
-]

®

=
o

® ©®

® O

DESCRIPTION AND SPECIFICATIONS.

1. Input

Each scaler has a 50 ochm 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 countinput, B

may be left open. Input B aliows bridging connection

of a gate line for reduced fan-out requirements.

® 3caling Rate: typically 40 MHz

® Input Pulses, A or B: 12 ns pulses are typically
required, -200 mV is max.
0, -600 mV is min. “L",

® Maximum Amplitude: -2V, diode limited

® Connectors: LEMO RA 00 C 50

2. Overflow outputs

Overflows are brought out separately on the back
of the module. Nim pulses of approximately 1 us
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.

Function 2: 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.

Function 25: Increment all 4 scalers, Produce a Q-
response.

Function 8: Test L. This function produces a Q-
response if the scaler selected by the
subaddress hasits overflow set and its
L enabled.

Function 17: Write a 4 bit mask. This 4 bit mask
-written from the W1 to W4 lines-
enables the individual sources of L

request.
Clear and Reset all scalers, Clear all overflow
initialize: flags and set the L-mask at 000,
Inhibit: 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 moduie, fully shielded construc-
tion.

360

Representatives throughout Europe and The United States

31 Av. Ernest-Pictet- 1211 GENEVA 13 / Switzerland - Tel.{(022) 44 29 40



les chambres a fils

en régime proportionnel
ouvrent des horizons nouveaux

CARACTERISTIQUES
Temps mort inférieur
210-6 secende par fil,
Résclution meilleure

que 100 nanosecondes.
Auto-déclenchement.
Sorties logiques fil par fil.
Possibilité de coincidences
avec une autre chambre
ou un détecteur.

APPLICATIONS

Détection sélective des particules
en fonction de leur pouvoir d'ionisation.
Basses énergies :

Plan focat de spectrometre.
Localisation spatiale

de rayons X et de neutrons.
Chromatographie £.

Hautes énergies :

Localisation de traces.

Hodoscope & faible pouvoir d'absorption.

Electronique :

Enregistrement des événements :
résolution = 100 ns

Temps de lecture : environ 20 ps

new possibilities
with multiwire
proportionnal chamber

CHARACTERISTICS

Dead time below 10-6 second per wire.
Time resolution better

than 100: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.

8 chromatography.

High energy physics :.

Localisation of particle trajectories.
Hodoscope with low superficial weight.

Electronics:
Event recording: resolution = 100 ns
Read-out time: about 20 s

SP1. 185

SOCIETE D’APPLICATIONS INDUSTRIELLES DE LA PHYSIQUE
38, rue Gabriel Crié, 92, Malakoff, France, téiéphone 25387 20 +, adresse télégraphique : Saiphy Malakoff
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THE FASTEST GONVERTER OF TIME-PROVEN OPERATIONAL
EFFIGIENCY AVAILABLE FROM MASS PRODUCTION

ViH=z
equivalent clock rate

o differential linearity : 0.1 %
o integral linearity : 0,04 %

® input mode - AC or DC coupled

: DC restorer
- 4096

—1
e
—1
1
—

@ number of channels

LABEN SLIDING %_ SCALE CONVERTER MOD. FC 60 /4096 wuen i sss-us e s
FOR CONNECTION - WITH COMPUTERS AND MULTICHANNEL ANALYZERS

Plug-in for Spectrum Stabilizer available

3 ® O price competitive

MH Divisione della MONTEDEI-Montecatini Edison Elettronica S.p.A.
Milano-Via E. Bassini, 15 -Telefono, 2365551 - Telex , 3344l

AUSTRALIA AA. Guthrie Pty L{d 16 18 Meeks Ropad. M ckyille NSW - AUSTRIA AND GCRMAMNY: Elektronik - Service GmbH, Sa\ngiys rasse 55 G
urt Main 1 - DENMARK Ha uch and Co AIS Sva ] 6, P.O. Box 975 2400 Kobenhavn NV, - FRANCE Numelec S.A., 2 Petite Place, 78 Versallle

GREAT BHITA\N AND IRELAND N cle r Enterpri Lin Id Sghth n, Ed nburgh ﬂ (Scotland) - ISRAEL: Palec Ltd., 7. Rishonim Sl ‘PO B 1039

Ra mar Gan - NETHERLANDS: Intechmij N.V., Ho gk p 2ls t at 68, Po sthu @068, Den Haag - NEW ZEALAND: A.A Guthrie Ltd.,, 4 Adelaide Road. C.P.C.

Box .1944, W llington - NORWAY: H. Mellzer and Co., Bygdo Alle 23, P‘O‘ Box 3038 Elisemberg. Qslo 2 - SWEDEN Polyamp AB FACK 175013, Jaknbsbaerg
SWITZERLAND: High Energy & Nuclear Equ\pmem S A, 2?2 Chemin dc Tavernay. Grand -Sacannex, 1218 Geneva (Enquiries handled alse for Spain and Partugal)
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LOOKING INSIDE AN ACCELERATOR...

It is like looking inside our company. It is a
demonstration of how the requirements of phy-
sics were met by engineering solutions. Few
companies can equal our achievements.

Take our accelerator tube and column: It is a
bhonded glass to metal construction; unsuppor-
ted it may bridge up to 24 meters. The align-
ment is of the highest order. The tube is eva-
cuated, but it must withstand a pressure of 15
atm. on the outside. When finished, this structure
will support voltages in excess of 25 MeV with
gradients up to 30 kV/cm.

You will admit, this is an achievement.

But it is only a fraction of our total capabilities.
The range of scientific equipmentwhich we manu-
facture is ever increasing and with that our skills

» accelerators * neutron sources .
s vacuum ghambers, pumps, valves and plumbing
e irradiation processes, development and services o

NMR fluxmeters _
s analyzing- and switching magnets .
Maossbauer cryostats and furnaces .

and knowhow. Qur manufacturing techniques are
available to you. We have many years of ex-
perience in the fields of power transmission,
mechanical structures, control circuits, accele-
rator technology, nuclear physics and vacuum
techniques.

You too may have an unusual problem to solve.
It may well be that we can help you.

HIGH VOLTAGE
ENGINEERING
(EUROPA) NV

ANMERSFOORT, THE NETHERLANDS

« cusiom magnets » solid state power supplies
beam profile manitors

scattering chambers




' (prqnp;jm:}éﬁ: “MEKKEL")
(Multiple-Caunter Experiment Loglg)

_ a family of iC logic tards and bins
for versatile counter/computer intetiacing.

innovated at UCRL and developed

further by SAC, MCEL is the broadést and
most economical Iogic sysiem :
ava:!able today for use w:ih Iarge

arrays of couniers. )

nel beiween ‘counter and comp
unclud:ng the duscnminator)
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Caoutchouc
Matieres synthétiques
Amiante

Eléments de transmission

Angst--Pfister

52-54, Route du Bois-des-Fréres

1211 LE LIGNON-GENEVE
Téléphone (022) 45 14 00

depuis 1924
LHOMARGY

a étudié et mis au point plus de

150 machines d’essais

conformes aux normes francaises ou
étrangeres.

Ces machines équipent les laboratoires,
tant pour la recherche fondamentale
que pour les contréles de qualité des
matiéres premiéres ou des produits finis.

OZALID

SA

ZURICH

® PHOTOCOPIE — Appareils d'éclairage et

dispositif de développement - Papiers pour
photocopies - Installations pour la photocopie.

HELIOGRAPHIE — Machines & hélicgraphier
modéles OZALID et BODAN. Papiers OZALID
pour développement a sec et OZAFLUID pour
développement semi-humide.

BUREAU-OFFSET — Machines-offset et pla-
ques-offset présensibilisées OZASOL.

DESSIN — Machines & dessiner JENNY et
combinaison de dessins - Papiers a dessin
(papiers pour dessins de détails), listes de
pigces, papiers transparents (a calquer), papier
pour croguis.

INSTALLATIONS DE REPRODUCTION pour
hélicgraphies, impression de plans, photoco-
pies, travaux de photographie technique, ré-
ductions, agrandissements.

Seefeldstrasse 94
8034 Zurich
Tél. (051) 327442

MACHINE

DE TRACTIBN
ELECTRONIQUE
Modéle DY.08

En 1969, Lhomargy présente une gamme
compléte de machines d'essais électroniques
pour traction, flexion, adhérence, fluage,
relaxation, sur matériaux en fibres, fils, feduilles,
ptanches, etc...

M Lhomargy exporte
35 % de sa production dans 50 pays.

B Salle de démonstration permanente.
M Service aprés venie efficace.

B Les plus hautes références.

526

consultez

LHOMARGY

3, boulevard de Bellevue - 91- Draveil - F
1é1.:921.87.47et921.62.18

366




EAl QUAD™ 2508

[ |
first residual gas analyzer with
dual filaments , . . dual detectors.

Now the foremost RGA is even

better. You can switch filaments with-

out breaking vacuum. Two filamehts

are premounted and prealigned on a -l
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 cabie change does it.
Cther significant improvements: A new sweep |
circuit betters tinearity at slow sweep speeds.
An improved emission control regulates operation
and monitoring of current down to a few microamps.
The variable 3 kV power supply for the electron
multiplier is now standard equipment.
All these added benefits — but the price
remains the same. Always look to Varian/EA!
for innovations in vacuum. Now, it's non-stop
RGA. For more information, write Varian
Vacuum Division, Palo
Alto, California;
Zug, Switzerland;
Georgetown,
Ontario.

varian
vacuum
division

TMElectronic
Associates, Inc.
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my dear Watson-
two other great

detectors!

A

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
scintiliator 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 4060 and discuss
your special requirements.

NE 102A NE 110
Light output, % anthracene 65 60
Decay time, ns 24 33
Light attenuation length, cm 170 250
Maximum emission, A 4250 4300

=~ 3 NUCLEAR
' & ENTERPRISES
“* LIMITED

Sighthill, Edinburgh EH11 4EY Associate Companies:

Scotland. Nuclear Enterprises GmbH,

Telephone: 031-443 4060 Neherstrasse 1. 8 Munich 80,

Cables: Nuclear, Edinburgh Telephone: 44-37-25. Telex: 529938

Telex: 72333 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 application data and specs, contact EG&G, Inc,
Nuclear Instrumentation Division, 36 Congress Sireet, Salem, Massa-
chusetis 01970. Phone: (617) 745-3200. Cables: EGGINC-SALEM.
TWX : 710-347-6741. TELEX : 949469.




3-7 Nov. 1969
EXHIBITION AT CERN

J & P as European Designers of NANOSECOND LOGIC

Zero crossing discriminater — Time jitter less than 2B0 pice seconds measured by our visitors.
Remote controlled delays —  Qur visitors couldn’t find any reflections (nor. could we * 2°%j).
Push button delays, attenuators, coincidences, OR gates leading edge discriminators and scalers
were also shown.

J & P as MECHANICAL ENGINEERS

High vacuum systems, cryogenics, large magnetic field coils were too big to bring.
Epoxy resin mouldings, spark gap electrodes and examples of precision machining unusual mate-
rials aroused interest.

J & P as Producers of GENERAL NUCLEONICS

A Sodium iodide Spectrometer was on display.
How do we describe briefly the many new requirements we discussed?

DID WE MISS YOU?

J & P Engineering, Portman House, Cardiff Road, Reading, England Tel. Reading 52227

J&P Engiheering (Reading) Limited
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NUCLETRON
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ANWENDUNG: In allen Labors der Kernphysik, Hoch-
energiephysik und dberall, wo vielseitige Impulsver-
arbeitung erforderlich ist, findet dieses Netzgeradt mit
Uberrahmen Anwendung. Es entspricht der von der
AEC (Atomic Energy Commission) herausgegebenen
Norm beziiglich der Abmessungen und Versorgungs-
spannungen {TID-20893}. Alle aufdem Markt erhéltlichen
Einschubmodelle, die nach der AEC/NIM-Norm gefertigt
sind, kdnnen in diesem Rahmen betrieben werden.

AUFBAU: Die Spannungsversorgung (24 V, 12 V, 6 V)
ist als Kompaktnetzteil ausgefihri und an der Riickseite
des Uberrahmens montiert. Als Steckverbindung zwis-
chen Netzteil und Kassette dient der Stecker AMP N.
202516-3 mit den zugehdérigen Kontaktverbindungen.

THERMISCHER SCHUTZ: Optische Anzeige der Innen-

AEC/NIM

19”-UBERRAHMEN MIT NETZTEIL

varires ® +24V;15A
Ti2v; 2A
+ BV:; 5A

® NETZABSCHALTUNG
I BE| UUBERLAST

¢ KURZSCHLUSSFEST
® THERMISCH GESCHUTZT

& g e STABILER
=N
s ALU-RAHMENBAU

temperatur bei 50° C und Netzabschaltung bei einer
Kiihlkdrpertemperatur von 80° C.

KURZSCHLUSS-SICHERHEIT: Jede Spannung ist durch
eine eigene Strombegrenzung gesichert, die auf 1,1 des
Nennstroms eingestellt ist. Bei Kurzschlissen, die zwis-
chen zwei Spannungen auitreten, ist das Gerat durch
Dioden bzw. Zenerdioden am Ausgang geschiitzi.

UBERLASTABSCHALTUNG: Die Uberlastkarte trennt
das Netzteil bel Kurzschluss gegen Null, Kurzschluss
zweier Spannungen, Austall einer Spannung, Uber- bzw.
Unterspannung vom Netz. Die Oberlastkarte ist in der
Standardausfiihrung des AEC-Rahmens nicht eingebaut.

Auf Wunsch kann statt 6 V auch 5 V Ausgangsspannung
geliefert werden.

TECHNISCHE DATEN

NU312C

AUSGANGSSPANNUNG:
+24V, 15A/ 12V, 2A/ £ 6V, 5A

GESAMTAUSGANGSLEISTUNG: 128 W

NETZKONSTANZ:
hei Netzspannungsschwankung *+ 10 %
+ 6V 73 X 107
+12v: 1 X 108
+24V: 21 % 107

TEMPERATURKOEFFIZIENT : 5 X 1075/°C

INNENWIDERSTAND: mit Steckverbindung 0,015 Ohm
{alle Spannungen)

LASTKONSTANZ: < 500 pnV flir Lastdnderung von 0 auf
100 % (ohne Steckertibergangswiderstande)

BRUMM:
<~ 200 pVss bei Leerlauf (fiir alle Spannungen)
< 1 mVss bei Vollast (flir alle Spannungen)

WECHSELSPANNUNGSAUSGANG: 115 ~., 0,5 A

NU311C

AUSGANGSSPANNUNG:
T24V,15A/ 212V, 2A/ 16V, 2A

GESAMTAUSGANGSLEISTUNG: 96 W

Wie NU 312 C jedoch

NU310C Wie NU 312 C jedoch

AUSGANGSSPANNUNG: t 24V, 15A/ 12V, 2A
GESAMTAUSGANGSLEISTUNG: 72 W

GESELLSCHAFT FUR NUCLEONIC UND ELECTRONIC MBH
8 MUNCHEN 50 - Gaértnerstrasse 60 - Telefon (08 11) 54 60 83 - Telex 05-24 208




Lower Cost Nanologic.
A Giant Step Sideways

While we lament the budget situation as
much as anyone, we're not tearing our hair or
downgrading the product. Instead, we'd like to
call your attention to three Nanologic modules,
among others, that give you all of the
performance you need and expect and at
significantly lower prices.

Model 164 is a single-width dual
Discriminator, DC-coupled, with Updating and
Override Modes, operating on inputs at better
than 200 MHz. Continuously variable input
thresholds and output width, 5 ns pulse pair
resolution at 200 MHz, 1.0 ns output risetime.
Switch selectable normal or complement
standard logic level output.

Model 170A is a dual AND capable of
resolving time of better than 1.5 ns at
200 MHz. Output is fast (1 ns rise and
fall times) standard logic with output width
precisely equal to input coincidence overlap
timing. Mode selection for Only A, A and B
coincidence, Only B. DC-coupled.

In Model 171 you can have four channels
of Discriminator-Coincidence-Buffer
operation with 5 ns pulse pair resolution at
200 MHz. A strobed coincidence preceded by
discriminators. Variable input threshold.
Coincidence resolution better than 1.5 ns.
Front panel Gate, Read, Reset. All of the logic
for fast hodoscopes without the usual expense.

Nanologic performance is Nanologic
performance. It stays. You can, though, trade-
off some flexibility for cost—and this is what
has been done. No sacrifice in performance or
quality. It's Nanologic . . . as always.

Maybe it's sideways but it's a giant step.

For more information on fitting lower cost
Nanologic to your counting/logic needs, please
write or ‘phone.
CHRONETICS. 500 Nuber
Avenue, Mt. Vernon, N.Y.
(914) 699-4400. In
Europe: 39 Rue Roths-
child, Geneva, Switzerland
(022) 31 81 80.

CHRONETICS




