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Experimental programme 
at the PS and the ISR 

A record number of exper iments are 
now being carr ied out or prepared at 
CERN. The 28 GeV proton synchro
tron is feeding electronics exper i 
ments in three halls — beams from 
internal targets supply the South hall, 
a slow ejected beam feeds many ex
periments in the East hall and a new 
slow ejected beam goes to the West 
hall where exper iments with the 
Omega spectrometer are having their 
f irst tests. Since we last reviewed the 
exper imental programme, two bubble 
chambers (the 81 cm hydrogen and 
the 1.1 m heavy l iquid) have ceased 
operat ion but more modern chambers 
have taken, or are tak ing, their place. 
The 2 m hydrogen chamber cont inues 
at the end of the East hall, a small 
chamber speci f ica l ly for hyperon ex
periments (HYBUC) sits in the North 
hal l , the large heavy l iquid chamber 
(Gargamelle) has its own South-East 
hall and the 3.7 m European chamber 
(BEBC) is coming into act ion at the 
end of the West hal l . 

In addi t ion to the broad programme 
at the PS itself, there is of course a 
new list of exper iments to be added 
since the Intersect ing Storage Rings 
are in operat ion. Five of the eight 
intersect ion regions are being used 
for col l id ing beam experiments. 

This art ic le is a review of the ex
periments now in progress or being 
made ready. In the space avai lable it 
cannot be very much more than a list 
of beams and exper iments but it 
should give some idea of the extent 
and content of the CERN programme. 
On pages 272 and 275 there are 
sketches of the layout of beams and 
the exper iments they serve. 

Available beams 

Beginning wi th the South hall : An in
ternal target in straight sect ion 1 pro
vides part ic les for — t 1 , a beam of 
momentum up to 1 GeV/c which is 
used for test ing equipment subse

quently installed on other beam-l ines; 
m11, a low energy electrostat ical ly 
separated beam currently providing 
ant iprotons wi th momenta up to 
2.0 GeV/c ; m7, another electrostat i 
cally separated beam which has been 
substant ia l ly unchanged for many 
years and currently provides kaons 
with momenta up to 3.1 GeV/c ; d30, 
the highest energy beam in the South 
hall giving unseparated part icles wi th 
momenta up to 1 5 G e V / c ; d30a, an 
extension of d30 ; b16, a neutral beam 
which is currently used for the cal i 
brat ion of neutron detectors after 
having been used for checking the set 
up for the col laborat ive experiment 
now under way at Serpukhov (see 
June issue page 199). 

An internal target in straight sect ion 
8 provides part icles for — k17, a low 
energy separated beam where kaons 
of momenta up to 1 GeV/c are avai l
able for atomic X-ray experiments and 
m9, an electrostat ical ly enriched beam 
providing posit ive pions of momentum 
up to 4 GeV/c and kaons up to about 
3 GeV/c. A new internal target station 
in straight sect ion 11 is used solely 
to provide low energy negative kaons 
of momentum 0.5 GeV/c for the 
HYBUC bubble chamber in the North 
hall via beam-l ine k16. 

Moving to the East hall — a fast 
eject ion system gives an ejected pro
ton beam e6 to feed the 2 m bubble 
chamber. When the chamber is in 
act ion, this eject ion system usually 
operates twice per PS pulse. The pro
tons can be used on three different 
target stations. The u5 beam is a three 
cavity r.f. separated beam which pro
vides the highest energy part icles to 
the chamber (kaons up to 16GeV/c 
for example) whereas m6 and k8 are 
electrostat ical ly separated beams for 
lower momenta (kaons up to 5 and 
2 GeV/c respectively for example). 

Electronics experiments in the 
East hall are fed by a slow ejected 
proton beam, e9, from straight sect ion 

62. A septum magnet can divide the 
beam on the same pulse between 
e9n (north) and e9s (south). On the 
north beam-l ine the ejected protons 
are used to give a hyperon beam. On 
the south beam-l ine a further septum 
magnet can divide the beam between 
two targets. One provides neutral 
part ic les along b19 where the neutral 
kaon is studied. The other provides 
two high energy beams — p8, where 
pions of momentum up to 18GeV/c 
are avai lable and p13, where pions up 
to 17GeV/c are available. 

The Gargamel le bubble chamber in 
the South-East hall is fed by a fast 
e jected proton beam, e8, from straight 
sect ion 74, which is used pr imari ly 
onto a target to produce the pions 
and kaons which subsequently decay 
to give a neutrino or ant ineutr ino 
beam. Other part icles have however 
been fed to the chamber via beam-
line, m12, which has recently pro
vided ant iprotons of momenta up to 
2.6 GeV/c. 

Completely new on the beam-l ine 
pictures are those in the West hal l . 
They are drawn from the proton beam 
ejected down the transfer tunnel 
towards the ISR and then deviated to 
the hal l . From targets, beams can be 
drawn for Omega (beam-line p9 
current ly providing 8 GeV posit ive and 
negative pions but capable of mo
menta up to 17GeV/c) and for BEBC 
(beam-l ine u7 now under construct ion). 

Using the proton synchrotron to 
spray this maze of beam-lines requires 
a variety of machine operat ing cond i 
t ions ; the use of computer control 
to switch f rom one situation or another 
is therefore becoming increasingly 
helpful . To take the fortnight 's run at 
the end of August — no less than f ive 
dif ferent machine cycles were cal led 
for. Some examples of these machine 
cycles are as fol lows : 

During f i l l ing of the ISR on 21 Au
gust, one pulse in three (all twenty 
bunches) was fast ejected from straight 
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Schematic diagrams of four experimental halls 
fed by the 28 GeV proton synchrotron showing 
the layout of the particle beams and the location 
of the experiments they serve. 

section 16 to one or other of the 
storage rings at a momentum of 
26 GeV/c. The other two pulses 
fo l lowed a cyc le also rising to a peak 
momentum of 26 GeV/c when five 
bunches were fast ejected f rom 
straight sect ion 58 towards the 2 m 
bubble chamber. The remaining beam 
was then d iv ided at lower energy 
between the internal targets in straight 
sect ions 1 and 8 thus providing par
t ic les to eight exper imental teams. 
The pulse repet i t ion rate was one 
every 2.5 s. Meanwhi le the PS linac 
was also feeding the four-r ing Booster 
which can be run for commissioning 
in paral lel wi th the PS without inter
ference (unti l , of course, the Booster 
is brought into act ion to feed the PS). 

A week later the cycle had changed 
so as to send beam to the Omega 
spectrometer. One bunch was sent to 
the 2 m chamber twice in the cycle 
and the rest of the beam was split 
equally between internal target 1 and 
slow eject ion f rom straight sect ion 16. 
The new slow eject ion system cal led 
SQUARE (see February issue, page 
33) using the 6 V3 resonance makes 
eff icient shar ing between slow ejec
t ion and internal targets possible for 
the first t ime at the PS. 

Electronics experiments 

In l isting the exper iments using coun
ter and spark chamber techniques we 
wi l l fo l low the sequence of beams 
above beginning in the South hall 
with the exper iments receiving par
t ic les f rom internal target 1. The code 
number used to refer to an exper i 
ment is that assigned to the exper i 
ment when it is f irst approved for the 
research programme. 

S 99 
A Daresbury, Queen Mary Col lege, 
Liverpool, Rutherford team have been 
looking at di f ferent ial cross-sect ions 
in the ant iproton-proton interact ion. 
Counters and wire chambers with 

core read-out plus a large spectro
meter magnet have been used to 
identify 

p + p - p + p 

— K + + K" 
Their incoming beam momentum 
ranged from 0.6 to 2.0 GeV/c and the 
detect ion angle could be changed 
enabl ing them to cover the region of 
the S, T and U resonances which 
showed up in the missing mass spec
trometer experiments. These results 
are now being analysed and the ex
periment wi l l cont inue (becoming 
designated as S124) using a polar
ized proton target to provide addi 
t ional information, 
s 100 
A Brussels, Caen, CERN team are 
using a target f i l led with deuter ium 
so as to study the differential cross-
sect ion of elastic scattering of the 
negative kaon on the neutron. Their 
detect ion system includes mult iwire 
proport ional chambers and a neutron 
detector which is monitored by a 
Plumbicon camera (convert ing the 
light signals into electronic infor
mation immediately). 
S 118 
The above experiment wi l l be fo l lowed 
by one to be carr ied by a Geneva, 
Saclay team which is currently testing 
its detect ion system. They wi l l look at 
kaon decays giving four part icles in
c luding an electron. Their system in
cludes a magnetic spectrometer, wire 
spark chambers and large Cheren-
kov counters. They wi l l be able to do 
low energy w i t phase shift analysis in 
a very clean way and wil l also look 
for any decays which violate the 
AS = AQ rule. (In the decay by the 
weak interact ion of a part icle l ike the 
kaon the strangeness quantum num
ber S can change by ± 1. When this 
happens the charge quantum number 
Q of the strongly interact ing part ic le 
also changes in the same way. Thus 
AS = AQ.) 

S 91 
A CERN, Ecole Polytechnique, Orsay, 
Stockholm team have carr ied out an 
extensive survey of forward and back
ward scatter ing in the posit ive kaon-
proton, negative kaon-proton, and 
ant iproton-proton interact ions using 
wire spark chambers and a gas Che-
renkov counter. The interest in the 
measurements in the backward di rec
t ion which have gone on recently is 
to pin down the exchange mechanism 
which is taking place in the inter
act ion. For example 

K" + p -> p + K" 
there is no known part ic le which can 
be exchanged and the cross-sect ion 
fal ls off steeply as the energy goes 
up. Theories call for some exchange 
mechanism possibly involving two 
part ic les. 
S 104 
A Rome, Rutherford team, with sc in
t i l lat ion counters, opt ical spark cham
bers (the only opt ical chambers y ie ld
ing data on f i lm remaining in the 
experimental programme) and a water 
Cherenkov counter, are looking for 
resonances with strangeness + 1. 
They detect the decay products of the 
lambda hyperon and from this knowl 
edge of the lambda can study the 
missing mass spectrum in the inter
act ion 

J t " + p ^ A° + (missing mass) 
This experiment is just f in ishing. 
S 105 
A CERN, Trieste team are drawing 
beams from the target in straight sec
t ion 8 to cover some gaps in scatter
ing data. They use a polar ized proton 
target, scint i l lat ion counters and wire 
spark chambers to look at the inter
act ions 

?t + + p -> p + 
K + + p p + K + 

K+ + p 2 + + K + 

The experiment has col lected a large 
amount of data. 

Moving to the East hall : 
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Experiment S100 studying the elastic scattering 
of negative kaons on neutrons using the m7 
beam-line. The detection system involves 
multiwire proportional chambers and a neutron 
detector monitored by a Plumbicon camera. 

Schematic diagram of the West hall, the latest 
experimental area to be fed by the PS. In the 
context of the budget restrictions in Laboratory I 
and in anticipation of the supply of beams of 
higher energy from the SPS, the experiments are 
to be restricted to the Omega spectrometer and 
the 3.7 m bubble chamber for the next few years. 

Below is the layout of present experiments at the 
Intersecting Storage Rings. 

S 121 
A CERN, Ecole Polytechnique, Orsay 
team are studying the leptonic decay 
of negative hyperons. The special 
detect ion system involving a DISC, 
two large streamer chambers and a 
spectrometer was descr ibed in the 
May issue, page 163. They are looking 
at decays such as 

2 " -> n + e + v 

2" A + e + v 

The experiment should yield better 
values for the coupl ing constant of 
the axial and vector currents and 
possibly reach the l imit of val idi ty of 
the Cabibbo theory of the weak inter
act ions. 
S 93 
A CERN, Heidelberg team are carrying 
out a very thorough study of neutral 
kaon decays which violate CP conser
vat ion. This includes both the decays 
into two charged pions 

K° x+ J I -

and the leptonic decays 
K° -+ t + + e" + V 

n~ + e + + v 

J T + + J J T + v 

J t ~ + j J L + + V 

where the negative pion decays occur 
sl ight ly more often than the posit ive 
pion decays. They are also measuring 
the K° , K° mass di f ference very accu
rately and looking at K° regeneration 
on carbon and hydrogen. A large array 
of mul t iwire proport ional chambers 
makes it possible to amass data at the 
rate of 2000 events per pulse — a rate 
which cannot be achieved with any 
other detect ion technique. The high 
stat ist ics wi l l make it possible to pin 
down the parameters of the kaon 
decay very accurately, for example 
— the phase measurement to better 
than one degree. The number of 
lambdas in the neutral beam also 
makes it possible to measure the 
lambda-proton and lambda-neutron 
cross-sect ions. 

S 119 
A CERN, Munich team are cont inuing 
an extensive programme of boson stu
dies looking at the interact ions 

j t + + p ->• j t + + :t + + n 
-> K + + K° + p 

These are 'quasi two-body' inter
act ions the pions or kaons coming 
from a parent boson. This team cov
ered the region of the A2 meson at 
an earl ier stage of their study and 
returned it to the fold as an unspl i t 
part ic le (see vol . 11, page 63). They 
are using wire chambers, Cherenkov 
counters and a magnetic spectrometer 
and wi l l assemble high statist ics using 
pions at 15GeV/c and at 7 GeV/c. 
S 111 
An IPN, Orsay team are to look for 
'exotic exchange' interactions of the 
type JT + p -> K + + 2 " 

- ^ d + p 
These interact ions should not occur 
since they involve the exchange of 
part icles with forbidden quantum 
numbers. They wi l l use a hydrogen 
target surrounded by two cyl indr ical 
hodoscopes — the inner one wi l l 
catch the charged part icles, the outer 
one wi l l catch gamma rays. 

Three nuclear physics experiments 
which we have not mentioned in this 
list are : 
P 7 
A Karlsruhe, Stockholm team are 
looking at exotic atoms in the South 
hall . Using a stopped beam from 
target 8 they produce and study ant i-
protonic, kaonic and sigmic atoms. 
The negative antiprotons, kaons or 
sigmas are captured 'in orbit ' by 
nuclei and the X-rays they emit can 
be measured by l i th ium-doped ger
manium counters of high resolving 
power. This has been a very success
ful l ine of research at CERN (see vol . 
10, page 251). 
P 9 
A CERN, Tor ino team are looking at 
the product ion of hypernuclei by 

CERN 30.8.72 

274 





Mounting of a camera at the 3.7 m bubble 
chamber, BEBC. First tests with the chamber took 
place in the summer and it is hoped to begin 
physics in the near future. 

negative kaon interact ions in f l ight 
using the k12 beam in the East hall. 
P 17 
A Clermont-Ferrand, Strasbourg team 
have a gaseous hel ium target in the e9 
ejected beam (where it is almost com
pletely ' t ransparent ' so that the ex
periment can run parasit ical ly) to 
study coherent scat ter ing of the pro
ton and helium nucleus. The detect ion 
system uses a spectrometer which 
fastens onto the recoi l hel ium nuclei 
wi th solid state detectors. 

In the West hall the Omega spectro
meter wi l l be used by several exper i 
mental teams. Progress in commis
sioning the spectrometer is reported 
later in this issue. Six exper iments 
have been accepted for the f irst year's 
running. 
S 112 
A Birmingham, Rutherford, Westf ield 
Col lege team wi l l study zero strange
ness bosons the main object ive being 
to obtain precise informat ion on the 
I = 0 and I — 1 bosons in the mass 
region 1.5 to 2 GeV/c. 
S 113 
A Bari , Bonn, CERN, Daresbury, Liver
pool, Milan team wi l l carry out a 
related exper iment studying the zero 
strangeness, charged boson spectra 
over the same mass region. 
S 114 
A CERN, ETH, Freiburg, Karlsruhe 
team wi l l study baryon exchange in 
a variety of interact ions involving the 
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product ion of a fast lambda in the 
forward di rect ion. 
S 115 
A Glasgow, Saclay team wil l study the 
product ion of baryon — anti-baryon 
pairs fastening onto a fast ant iproton 
emerging in the forward direct ion. 
S 116 
A CERN, ETH team wil l study K* 
resonances which are produced non-
dif fract ively. 
S 117 
A CERN, Col lege de France, Ecole 
Polytechnique, Orsay team wil l study 
quasi two-body interactions which 
take place via the baryon exchange 
mechanism. 

Bubble chamber experiments 

A long list of experiments has been 
carr ied out at the 2 m bubble chamber 
since it came back into act ion, f i l led 
wi th hydrogen, in May. During this 
t ime the chamber took its twenty 
mi l l ionth picture. Beginning in Sep
tember, the two experiments listed 
below are scheduled to take 300 000 
pictures each wi th beam from the low 
momentum k8 beam-l ine. Then, pro
bably in November, the chamber wi l l 
be out of act ion for a week whi le the 
hydrogen f i l l ing is replaced by deu
ter ium and wi l l come back for higher 
momenta runs wi th the u5 r.f. sepa
rated beam-l ine. 
T 208 
A Glasgow, Pisa,.Rutherford team are 

measuring the parameters of the T 
and the semi- leptonic decays of the 
long-l ived neutral kaon. 
T 221 
An Imperial Col lege London, Ruther
ford team are extending their study of 
the negative kaon-proton interact ions 
in a lower momentum range (0.88 to 
1.04GeV/c) available from the k8 
beam. 

In the North hall the small hydrogen 
bubble chamber known as HYBUC is 
cont inuing its hyperon experiment. 
The chamber is specif ical ly designed 
for this experiment and involves a 
very high magnetic f ield (11 Tesla) 
produced by a superconduct ing mag
net. 
T 205 
A Copenhagen, Munich, Vanderbi l t 
team are measuring in HYBUC the 
magnetic moment of the sigma hype
ron to a precis ion of 5 % . The sigmas 
are produced in the interation 

K" + p -> 2 +
 + j t " 

and the magnetic moment can be 
calculated by seeing how the sigma 
polar izat ion direct ion precesses meas
uring the angular asymmetry of the 
proton emerging from the sigma de
cay. The experiment is l ikely to in
volve about a mi l l ion pictures. 

In the South-East hall the heavy l i 
quid bubble chamber, Gargamelle, is 
being made ready to cont inue the 
neutrino exper iments which are one 
of its part icular fortes. 
T 185 
An Aachen, Brussels, CERN, Ecole 
Polytechnique, Mi lan, Orsay and Uni
versity Col lege London team wi l l ana
lyze the data col lected in the exper i 
ment. About a quarter of a mil l ion pic
tures with both neutrino and ant ineu-
tr ino beams were taken in the pre
vious runs which were completed in 
1971. An equivalent number (i.e. about 
500 000 pictures), again probably 
evenly div ided between neutrinos and 
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The intersection region 1-2 where spectrometers 
are set up to look at small and large angles 
and a muon detector is used in an intermediate 
boson search. The small angle spectrometer can 
be seen on the right in the photograph where 
it climbs up above the magnets of Ring I of the 
storage rings. 

antineutr inos, wi l l be taken in the 
coming run wi th the chamber f i l led 
with f reon. The main aim of the ex
periment is to study the behaviour of 
deep inelastic neutr ino scat ter ing, 
measuring neutr ino and ant ineutr ino 
cross-sect ions as a funct ion of energy, 
information wi l l also be gathered on 
such things as the existence of neu
tral currents, heavy leptons and inter
mediate bosons and on coupl ing con
stants and lepton number conserva
t ion laws. 

Bubble chamber physics at CERN 
awaits a new lease of life when the 
3.7 m chamber, BEBC, comes into 
action at the end of the West hal l . 
The first tests took place this summer 
and it is hoped to start physics soon. 
Proposals for exper iments have a l 
ready been discussed and the Track 
Chambers Commit tee has the hard 
job of select ing and t r imming exper i 
ments so that the best possible pro
gramme wi l l be mounted in the 
months that BEBC can run before the 
West hall is c losed to prepare it to 
receive beams f rom the SPS. Probably 
between 1.5 and 2 mi l l ion pictures wi l l 
be possible whereas wel l over this 
f igure has been requested by exper i 
mental teams. 

Experiments at ISR 

Experiments are set up at f ive of the 
eight intersect ion regions of the ISR 
and another (I-7) wi l l fall to the high 
energy physicists soon with the in
stal lation of a streamer chamber. I-7 
wi l l later be the scene of attempts to 
increase the luminosity by having a 
low beta sect ion. The first number in 
the code number referr ing to an ex
periment indicates the intersect ion 
region where it is located (e.g. R 201 
is at intersect ion I-2). 

R 103 
A CERN, Columbia, Rockefel ler team 
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are carrying out one of the part ic le 
searches at the ISR. They are looking 
for di leptons of high mass. The in
termediate boson, the postulated 
carr ier of the weak interact ion, is one 
part ic le which could be seen by this 
experiment if it exists within the mass 
range which can be examined. A wide 
aperture photon and electron detector 
catches part icles coming off at large 
angles to the proton beam direct ions 
and the intermediate boson would be 
detected through its electron decay 
mode. 
R 105 
A Saclay team wil l jo in the ISR ex
periments at the beginning of next 
year looking at high transverse mo
mentum charged part icles using spec
trometers with large acceptance posi
t ioned on either side of intersection 
region 1-1. This wi l l fol low complet ion 
of experiment R 103. 
R 201 
A CERN, Hol land, Lancaster, Man
chester team are looking at stable 
part ic le product ion at small angles. 
They have a spectrometer arm which 
cl imbs above an ISR ring to study 
part ic le distr ibut ions between 20 and 
150 mrad. Spectra for pions, kaons 
and protons at different energies have 
been obtained and, in general, support 
scal ing. 
R 203 
A Brit ish and Scandinavian Univer
sit ies team are doing a similar study 
at large angles. They aim to assemble 

product ion spectra of posit ive and 
negative pions, posit ive and negative 
kaons, protons, deuterons, etc. In 
addi t ion they are able to detect quarks 
and are carrying out a quark search 
in paral lel . 
R 204 
The Brit ish Universit ies involved in 
the above experiment have also 
instal led a large muon detector. They 
are searching for the intermediate 
vector boson by looking for high 
transverse momentum muons but, as 
wi th the other experiments, no sign 
of its existence has emerged yet. 
R 402 
A CERN, Munich team have carr ied 
out the most intensive of the searches 
for f ract ional ly charged part icles. Their 
detect ion system was able to detect 
quarks emerging from the high energy 
col l is ions up to masses of about 
22 GeV. There was no sign of the 
quarks in about 5 X 10 9 part ic les 
through their te lescope with the nor
mal unit charge. 
R 405 
A CERN, Karlsruhe team are looking 
at neutron product ion at small angles. 
Their results wi l l complement the 
series of measurements on charged 
part ic les mentioned above. 

Intersection region I-4 wi l l soon be 
cleared ready for instal lat ion of the 
large Split Field Magnet (see last issue 
page 235). The first exper iments for 
the SFM have been approved and are 
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l isted briefly here. The mul t iwire pro
port ional chamber detect ion system in 
the SFM (and also the streamer cham
ber at 1-7) wi l l make it possible to 
study mult ipart ic le events. 
R 401 
A CERN, Hamburg, Orsay, Vienna 
team wi l l measure the energy depend
ence of isobar exci tat ion in proton-
proton col l is ions. 
R 406 
A Bologna, CERN team wi l l search 
for quarks or other massive part ic les. 
R 407 
A CERN, Karlsruhe team wi l l measure 
two-part ic le corre lat ions in mul t i -
part ic le events in the f ragmentat ion 
region. 
R 408 
A CERN team wi l l study inelastic pro
ton-proton scat ter ing. 
R 409 
Another CERN team wi l l study typical 
beam-beam events using a min imum 
bias tr igger. 
R 410 
A MIT, Orsay, Scandinavian team wi l l 
study part icle corre lat ions at large 
angles. 

In intersection region I-6 two ex
periments have co l lected a lot of data 
on elastic scat ter ing. 
R 601 
A CERN, Rome team have been 
measuring elastic scat ter ing down to 
very small angles (2 mrad). At these 
small angles the nucleon scatter ing 
(scattering under the inf luence of the 
strong force) interferes wi th Coulomb 
scatter ing (scatter ing under the in
f luence of the e lect romagnet ic force). 
The effect of Coulomb scatter ing is 
wel l known and therefore can be used 
to normalize the nucleon scatter ing 
result to give an absolute total cross-
sect ion independent of the ISR lu
minosity. 
R 602 
An Aachen, CERN, Genoa, Harvard, 
Tur in team have studied elastic scatter

ing at larger angles and have publ ish
ed many results. The measurements 
have over lapped those of R 601 and 
they l ink up with those of the CERN, 
Rome team. They have also looked at 
isobar product ion and, like the other 
experiments, they see no sign of 
quarks. 
R 701 
An Aachen, CERN, Munich team wil l 
look at inelastic proton-proton col l i 
sions using streamer chambers as 
ment ioned above. 
R 801 
A Pisa, Stony Brook team have large 
detectors set up around intersection 
region I-8 try ing to get an accurate 
measurement of the total cross-sec
t ion for the high energy proton-proton 
interact ions. They already have results 
on charged part ic le mult ipl ic i t ies. One 
of their concerns is to obtain a meas
urement of the luminosity as reliable 
as possible and to do this intend to 
sputter t i tanium at the interact ion 
point so that beam col l is ions with the 
t i tanium wi l l make it possible to 
measure the beam profi les and hence 
calculate the luminosity. 
R 802 
A CERN, Rome team wil l study par
t ic le product ion in the forward direc
t ion (around zero degree) install ing 
a spectrometer between the two rings 
to detect negative part icles swept out 
of the beam by the f irst ring magnet 
downstream of the intersection. A 
neutron detector wi l l also measure 
neutron product ion at very small an
gles. The exper iment wi l l start next 
year. 

And that concludes the list of ex
periments at the PS and ISR. Those 
who have struggled through the ful l 
list wi l l appreciate that the machines 
are sustaining a high energy physics 
programme far greater in extent than 
could ever have been foreseen. 

BROOKHAVEN 
ISABELLE study 
and AGS performance 
A three week study was organized at 
Brookhaven in June to take an inten
sive look at the ISABELLE storage 
ring proposal . The name ISABELLE 
emerges f rom Intersecting Storage 
Accelerators and it is obviously 
BELLE in the eyes of its or iginators. 
The init ial out l ine scheme was des
cr ibed in CERN COURIER in August 
of last year (page 228). 

Major features of the init ial pro
posal are as fol lows. The exist ing 
AGS would feed protons at 30 GeV to 
two rings of superconduct ing mag
nets. Each ' r ing ' would consist of two 
magnet semi-circ les of 220 m radius 
jo ined by two long straights of 300 m 
(giving 2 km total c i rcumference). In 
these rings the proton energy would 
be taken to 200 GeV. The correspond
ing peak magnetic f ield would be 
4 T over a useful aperture of 5 cm 
(the total internal diameter of the 
magnet coi l being 8 cm). The two 
rings would sit one above the other 
as closely as possible so that adjacent 
magnets could be contained in a 
single dewar. 

In the long straight sect ions the 
beams, travel l ing in opposite direc
t ions in the two rings, could be 
brought into col l is ion at a very small 
angle or head-on. To achieve the 
necessary high density in the c i rcu
lating beams, and hence an interest
ing interact ion rate in the long 
straights, it is proposed to concentrate 
the normal twelve bunches in the 
AGS into a single bunch (debunching 
and rebunching) before transfer to 
ISABELLE. About 30 such bunches 
would give a stored beam of 15 A 
(6 X 10 1 4 protons) in each ring (as
suming that by then the AGS is pro
viding 2 X 10 1 3 protons per pulse). 
The opt imum luminosity could be as 
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An aerial view taken in February of we 33 GeV 
proton synchrotron, AGS, at Brookhaven. The 
proposed location of the 200 GeV storage rings, 
ISABELLE, is drawn in with their injection fines 
coming off from the ejected beam which feeds 
the new North Experimental Area. The geometry 
of the storage rings has changed since the study 
held in June — the straight sections have been 
increased in number. 

(Photo Brookhaven) 

high as 10 3 3 per c m 2 per s along each 
metre of the interact ion region using 
low beta sect ions and a very small 
angle of col l is ion between the beams. 

Further developments of such a sys
tem have also been considered. They 
include the possibi l i ty of 200 GeV 
physics by drawing protons f rom one 
of the rings, higher col l is ion energies 
if superconduct ing magnets can be 
built to top 4 T , ant iproton beams in 
one of the r ings, or the addi t ion of an 
electron ring as promoted on the West 
coast of Amer ica. The Prel iminary 
Design Study (BNL 16716) was issued 
in May. 

112 visi tors went to Brookhaven for 
the June study. Most of them (75) 
were high energy physicists ; the 
others were accelerator special ists 
including some f rom the CERN Inter
sect ing Storage Rings team and f rom 
the Berkeley-Stanford col laborat ion 
which has put forward a proton-elec
tron-posi t ron co l l id ing beam scheme 

known as PEP (see CERN COURIER 
vol . 11, page 279). The storage ring 
groups on each side of Amer ica wi l l 
maintain regular contact probably 
holding joint meetings every few 
months. 

The high energy physicists were 
enthusiastic about the range of phys
ics which such an advanced faci l i ty 
would open up. There was fair ly 
general agreement that, to fol low the 
100 s of GeV energy with the 'con
vent ional ' accelerator at Batavia, high 
energy col l id ing beams giving very 
high centre of mass energies would 
be the most important next step. The 
possibi l i ty of studying electron-proton 
col l is ions in order to gain more knowl
edge of the weak interact ion was 
recognized as an important further 
opt ion and the machine designers 
took the point that they should do 
nothing in their initial scheme which 
would shut the door on this opt ion for 
the future. 

On the design itself a number of 
important changes emerged f rom the 
discussions. For example, exper ience 
at the ISR suggests that holding a 
beam bunched under d.c. condi t ions 
is not easy. A transfer scheme more 
like that used for the ISR may there
fore be adopted. The number of 
straight sections needs to be in
creased and more detai led work done 
on their layout. Further studies on the 
AGS and more experience wi th the 
ISR wi l l be useful to have a better 
understanding of the behaviour of the 
beams. The ISR exper ience to date 
has certainly not indicated any funda
mental l imitat ions but there are some 
phenomena which cause proton loss 
and which are not understood (a t iny 
proport ion of the beam seems to 
diffuse out and get lost for some 
obscure reason and is the main 
source of background for the exper i 
ments). 

The need for extremely good 
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vacuum has also been under l ined by 
the ISR. To achieve f igures in the 
10 1 0 t o r r region over a large system 
requires a lot of care. ISABELLE has 
the compl icat ion of having to bake 
out the vacuum chamber at several 
hundred degrees as required for good 
vacuum whi le the same chamber is 
wi th in a l iquid hel ium temperature 
magnet system. The chamber wi l l be 
isolated f rom the magnet by super-
insulation and further vacuum space. 

Finally, of course, the per formance 
and costs of superconduct ing magnets 
have not yet emerged, though the 
present work at Brookhaven and else
where should give the necessary 
f igures in the near future. 

Studies on ISABELLE are cont inuing 
and it is hoped to submit a proposal 
to the AEC next year requesting con
struct ion money as f rom f iscal year 
1975. If authorizat ion came through at 
such a fast rate, Brookhaven could 
have 200 GeV co l l id ing beams before 
this decade is out. 

AGS Performance 

The 33 GeV al ternat ing gradient syn
chrotron has been struggl ing for 
almost a year to reap the ful l benefit 
of its improvement programme (known 
at Brookhaven as the 'conversion 
project ' ) . An extensive revamping of 
the machine has been carr ied out 
involving a new in jector (200 MeV 
linac), new vacuum system, new mag
net power supply, new r.f. cavit ies, 
extra shielding and more exper imental 
faci l i t ies. 

Since the refurbished accelerator 
came into act ion it has pushed peak 
intensity to 6 X 10 1 2 protons per pulse 
(a f igure which has not been reached 
elsewhere) and operates happi ly at 
4 X 10 1 2 . Up to now the exper imenters 
around the machine have in general 
not been able to make use of this 
increased intensity but the next gener
ation of exper iments wi l l undoubtedly 

be designed to take advantage of the 
new f igures. Pushing to higher inten
sit ies has not therefore up to now 
had high priority. There has been 
more concern with the reliabil i ty of 
the machine. 

The percentage of scheduled phys
ics t ime lost due to machine fai lures 
has been uncomfortably higher than 
before the modif icat ions were carr ied 
out. The l inac, the vacuum and ejec
t ion systems have been major sources 
of t rouble and have needed more 
nursing than was expected. The con
version project in its f inal phases suf
fered considerably f rom the f inancial 
cut-backs at Brookhaven and the 
number of qual i f ied people available 
to see the programme through was 
wel l below the 'design f igure' . This 
seems to have had its effect on the 
ease with which the accelerator could 
be brought in again. 

However, recently, the reliabil i ty 
had been pick ing up until a major 
fai lure on 19 August. Carbon brush 
dust col lect ing on the motor rotor 
resulted in a current path across in
complete insulat ion. During braking, 
when the rotor voltage is high, an arc 
was struck and the conductor melted 
through. The damaged area has been 
careful ly str ipped to pin down the 
source of t rouble precisely so that 
steps can be taken to prevent it 
happening again. Repairs are nearing 
complet ion and the power supply wi l l 
soon be reassembled and real igned. 
(The CERN PS power supply is similar 
enough to that of the AGS to send 
CERN experts to their machine in 
fear and t repidat ion to look at the 
same area. There is no sign of 
trouble.) 

Fortunately the enforced accelerator 
shutdown is not damaging the exper i 
mental programme very much. Further 
work needed on the machine, com
bined wi th a shortage of operat ing 
money, had led to a 14 week shut

down being planned to begin in 
December. It is est imated that about 
four weeks wi l l be absorbed by the 
rotor repairs (during which t ime work 
on the r ing, such as instal lat ion of 
the new r.f. cavit ies, can go on) and 
a corresponding amount of t ime can 
be t r immed from the long shutdown. 

RUTHERFORD 
Equipment 
for high energies 
A group from the University of 
Oxford, UK, is part ic ipat ing (together 
with Chicago and Harvard University 
groups) in an experiment at the Bata
via accelerator. They wi l l study inelastic 
muon-proton scatter ing at high ener
gies (experiment number 98 on the 
NAL list of approved experiments). 

Experimental equipment to cope 
with high energy part icles is general ly 
very large, complex and expensive 
and can soon get beyond the scope 
of individual University groups. Oxford 
have had the help of the nearby 
Rutherford Laboratory in the design 
and construct ion of units which they 
are providing for the experiment. This 
includes four large scint i l lator hodos-
copes — the 'halo scint i l lat ion coun
ter' is shown in the photograph. 

Another indicat ion of the scale of 
the equipment is that the magnet of 
the dismant led Chicago cyclotron is 
being used in the spectrometer. For 
this Rutherford has suppl ied a ma
chine for mapping the f ield in the 
large magnet aperture. The f ield 
survey apparatus wi l l take readings in 
three planes over an aperture of 
about 9 m diameter and about 1.25 m 
high. An automatical ly operated elec
tro-pneumatic indexing system wi l l 
posit ion a Hall probe to wi th in 
0.013 cm. Some 60 000 posit ions wi l l 
be measured in the magnet volume 
and fed to a computer to be stored 
on magnetic tape. 
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Equipment developed at the Rutherford 
Laboratory for use in an experiment at Batavia in 
which the University of Oxford is participating. 
Above is a 'halo scintillation counter'. Below is 
a field measuring unit which will do automatic 
field plotting in the large aperture of the 
experiment's spectrometer magnet which was 
previously in action on the Chicago cyclotron. 

(Photo Rutherford) 

At Batavia instal lat ion of the cyclo
tron magnet is being completed. In 
July muons were sent to the Muon 
Laboratory and detected. The muon 
beam-l ine was tuned for 100 GeV. 

In the absence of further large-
scale investment in the national high 
energy physics programme in the UK, 
the Rutherford Laboratory has been 
very concerned to keep its physicists 
and engineers on their toes by jo in ing 
in f ront- l ine projects wh ich are pro
bably dest ined to f ind their major 
appl icat ions elsewhere. Thus the 
Laboratory has a strong team in the 
GESSS col laborat ion work ing on 
superconduct ing magnets. It has a 
leading posi t ion in the bubble cham
ber t rack sensit ive target technique, 
which may result in col laborat ion wi th 
Batavia for appl icat ion in the 15 foot 
chamber (now ready for f irst coo l -
down) and wi th CERN for appl icat ion 
in the 3.7 m chamber, BEBC. The 
Laboratory may also work on a 2 m 
polarized target for use at Batavia 
or on the new CERN accelerator. In 
addit ion there is extensive support 
of UK teams wh ich come to CERN to 
part ic ipate in exper iments. 

DESY 
Electron-proton physics 
with DORIS 
The double storage ring project at 
DESY, known as DORIS, has shown 
its underly ing versati l i ty already two 
years before its complet ion. There 
has recently been a study of the 
possibil i ty of using DORIS not only 
as an electron-posi t ron device, the 
purpose for wh ich it was original ly 
intended, but also as an e lectron-
proton col l id ing beam facil i ty. 

Interest in the possibi l i t ies of doing 
electron-proton physics has grown 
suddenly in the past year wi th two 

adventurous col l id ing beam schemes 
being discussed in the USA. For sever
al years inelastic electron scatter ing 
has been a key topic because ex
periments have shown much higher 
cross-sect ions than expected ; this 
could be a consequence of the exis
tence of an internal structure in the 
nucleons. It is important to extend the 
investigation of deep inelastic inter
act ions between electrons and nu
cleons to higher regions of energy 
and momentum transfer, a task which 
is obviously within the province of 
e lectron-proton storage rings. 

The studies at DESY have shown 
that a rather simple extension of the 
Laboratory's hardware is sufficient to 
make DORIS suitable for e lectron-
proton physics. The extension could 
provide valuable information for the 
construct ion and operat ion of larger 
electron-proton storage rings. Also, 
interesting experiments would become 
possible since the range of kinematical 

variables would increase considerably 
in compar ison with those obtainable at 
present. 

Since high energy protons are not 
available at DESY, which is of course 
an electron Laboratory, the f irst re
quirement is to bui ld an injector to 
feed DORIS with protons. For both 
economical and physical reasons the 
idea of using a proton l inac was dis
carded. Instead, it is planned to bui ld 
a small 1 GeV synchrotron to be fed by 
a 3 MeV Van de Graaff. The synchro
tron wi l l be located close to already 
exist ing inject ion beam-l ines ; in this 
way only 5 m of new beam transpor
tat ion system wil l be necessary. 

Space charge effects wil l l imit the 
intensity of the proton beam to 5 X 1 0 1 0 

part icles per pulse. Several hundred 
pulses wil l thus need to be injected 
into the storage ring f rom the synchro
tron in order to obtain an adequate 
stored proton intensity ( 4 X 1 0 1 3 pro
tons). Since the cycl ing period of the 
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synchrotron wil l be 0.5 s the f i l l ing 
can be accompl ished in 5 to 10 mi
nutes. 

The mean radius of the synchrotron 
is to be 3.82 m wi th a bending radius 
of 2.23 m. During the accelerat ion, the 
frequency of the r.f. wi l l rise f rom 1 to 
9.1 MHz. As soon as the maximum 
energy has been reached the synchro
tron wi l l switch to a second cavity, 
running on the th i rd harmonic at 
27.3 MHz in order to obtain bunches 
about 6 m long. 

Fol lowing eject ion f rom the syn
chrotron, the pro tons wil l be stacked 
in one ring of DORIS. For this purpose 
the storage ring wi l l be equipped wi th 
a cavity running at 27.3 MHz l inked 
to the synchrotron cavity by a common 
fixed frequency generator. When all 
the 'r.f. buckets ' are f i l led, the protons 
wil l be accelerated further to a 
maximum energy of 4.2 GeV. The ca
vity wil l then be turned off and the 

beam wil l debunch to give a con
t inuous r ibbon of protons. 

Because of synchrotron radiation 
the intensity of the electron beam 
which it is possible to store in DORIS 
depends strongly on the peak energy. 
The design currents for electron 
beams correspond to luminosit ies be
tween 2 X 10-° per c m 2 per s at 
4 .2GeV/c and 5.5 X 10 3 1 per c m 2 per 
s at 2 GeV/c. By operat ing DORIS at 
4.2 GeV in each ring, a centre of mass 
energy of 8.4 GeV, corresponding to 
a laboratory energy of 36.5 GeV, wil l 
be available. The highest value of 
momentum transfer wil l be 70 (GeV/c) 2 . 

Design studies wil l be completed 
this year so that construct ion could 
start in 1973. The first experiments 
could then be carr ied out in 1976. 
By careful economizing, it wil l be pos
sible to meet the total cost from within 
the research budgets al located to the 
Laboratory. 

An aerial view of the completed proton linear 
accelerator LAMPF at Los Alamos which gave 
its first 800 MeV beams in June. We are 
looking from the injector end along the 
machine to the experimental areas. LAMPF is 
mentioned in the review of the Cyclotron 
Conference held in Vancouver. 

(Photo Los Alamos) 

TRIUMF 
Cyclotron Conference 

The Sixth International Cyclotron 
Conference was held on 18-21 July at 
the University of British Columbia in 
Vancouver where a col laborat ion of 
Canadian Universit ies is engaged in 
the TRIUMF cyclotron project. The 
Conference took place under sunny 
skies, just escaping a three-day down
pour which broke the rainfall record 
for the full month of July. This is a 
select ion of some topics f rom the 
Conference. 

On the 'new machine' front there 
were several proposals for heavy ion 
accelerators. The Hahn-Meitner Insti
tute in Berl in propose a heavy ion 
cyclotron with a tandem injector. This 
project may wel l go ahead at an 
est imated cost of about $ 5 mi l l ion. 
Oak Ridge Laboratory are putt ing 
forward a modif ied 'National Heavy 
Ion Accelerator ' proposal which would 
be a mult i-stage machine integrated 
with the exist ing isochronous cyclo
tron ORIC faci l i t ies. A four sector 
isochronous cyclotron would use 
ORIC or a 20 MV tandem Van de 
Graaff as injector. 

( Incidental ly, the on-l ine isotope 
separator at ORIC has come into 
act ion since the Conference at the 
beginning of September. Known as 
UNISOR, for University Isotope Sepa
rator at Oak Ridge, it is the second 
major faci l i ty of its kind to operate 
on a heavy ion cyclotron, the other 
being at Dubna. From 2 to 12 Sep
tember, test experiments were per
formed using nitrogen ions accelerated 
to 100 MeV onto niobium foi ls. Cad
mium isotopes of number 100 to 103 
were identif ied.) 

Other proposals for new machines 
were put forward by Scandinavian 
groups from Uppsala at the Gustav 
Werner Institut, Akademiska Sjukhuset 
and Instrument AB Scanditronic (a 
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200 MeV proton cyclotron exclusively 
for medical appl icat ions) and from 
Tokyo University (where it is bel ieved 
they are interested in a copy of the 
Louvain cyc lo t ron, again for medical 
appl icat ions). More way-out was a 
paper by H.G. Blosser which dis
cussed the feasibi l i ty of a 'kaon fac
tory' based on a proton machine of 
energy 2 GeV or above wi th a beam 
intensity of 50 [iA. This was not a pro
posal as such but an i l lustrat ion of 
how far the cyc lot ron technique could 
be pushed. The feasibi l i ty study was 
based on a separated sector (twelve 
in all) machine wh ich absorbed the 
recent technica l advances in isochro
nous cyc lot ron construct ion. 

There were many reports f rom ma
chines under construct ion. First oper
ation of the in jector stage cyclotron 
of the Indiana machine was achieved 
on 18 May of this year and it is now 
in routine operat ion with internal 
beams. The magnets for the main 
stage are complete and f ield meas
urements have begun. At SIN, Zur ich, 
the in jector cyc lot ron magnet has 
been assembled and tr im coi ls are 
in place. Many of the main ring 
components have been commissioned 
and the present scheduled date for 
beam tests in the main ring is near 
the end of 1973. Close on their heels 
comes the TRIUMF project where 
assembly of the magnet is now com
plete. The huge vacuum tank is also 
complete and has been successful ly 
leak-tested. R.f. power tests are pro
gressing wel l and first beam date is 
now given as early 1974. 

The 800 MeV linear accelerator 
LAMPF at Los Alamos was discussed 
at the Cyclotron Conference since it 
feeds the same sort of research pro
gramme as the high energy cyclotrons 
(qual i fying, l ike SIN and TRIUMF, as a 
'meson factory ' ) . First operat ion at 
peak energy of 800 MeV took place 
on 9 June. Work is now concentrated 
on master ing the machine behaviour. 

Accelerated beam intensities are being 
kept very Sow compared with the 
design value of 1 mA average (with 
a 6 % duty cycle). A few minutes of 
operat ion at design intensity would 
give uncomfortably high induced 
radioactivi ty levels if the beam was 
going astray. The start of the exper i 
mental programme at the machine is 
not scheduled for some months yet 
dur ing which t ime LAMPF wil l be 
tamed. 

Another machine recently completed 
is the cyclotron at the Cathol ic Uni
versity of Louvain where design and 
construct ion were completed wi th in 
forty months. The machine is now 
yielding an extracted proton beam of 
20 uA. It wi l l provide protons from 10 
to 80 MeV and also deuterons, hel ium 
3 and alphas. The Kiev 240 cm iso
chronous cyclotron is also designed 
for protons up to 80 MeV and there 
are plans to accelerate xenon ions 
injected f rom a tandem. The Calcutta 
University cyclotron is about 50 % 
complete ; it is based on the Berkeley 
88 inch machine with some modi f i 
cat ions similar to the Texas A and M 
University cyclotron. 

Three synchro-cyclotron conversion 
programmes were reported. At Dubna, 
construct ion of a pion hall and data 
processing room are under way. A new 
beam for medical appl icat ions has 
been added to the planned beam sys
tems. At CERN, most units for the 
conversion are ready for instal lat ion 
— the go-ahead sti l l awaits success
ful testing of the rotary condenser. At 
Columbia, a feature of the conversion 
is the construct ion of a sectored 
magnet. The peak energy wi l l be 
raised from 385 to about 570 MeV by 
addit ional f ield coils. The magnet is 
complete and the new sector-focused 
synchro-cyclotron wi l l probably come 
into operat ion at the new energy early 
next year. To make use of the high 
intensit ies which the conversion pro
jects wilT make available, the extrac

t ion eff iciency of the machines wi l l 
have to improve greatly to the 70-90 % 
level so that induced radioactivi ty pro
blems wi l l not make it impossible to 
service the machines. 

Some new achievements on cyc lo
trons already in operat ion: The ma
chine at Michigan State University has 
given beam energy resolut ion reaching 
Van de Graaff levels — 6 X 10~4 in the 
extracted beam which could be fur
ther refined to 5 X 10~5 after a spec
trograph (this is equivalent to 1.5 keV 
energy spread in a 30 MeV proton 
beam). At Dubna, heavy ion in ject ion 
f rom one cyclotron (310 cm) to another 
(200 cm) with intermediate str ipping 
has been achieved. Fluxes of 4 X 10 1 0 

of X e 2 7 ions per second having 7 MeV 
kinetic energy per nucleon have been 
obtained. The TRIUMF test cyclotron 
has pushed axial in ject ion energy 
higher than achieved before (up to 
300 keV). At Bi rmingham, the novel 
axial ly injected polarized beam system 
is being improved. At Michigan, W.C. 
Parkinson has used r.f. electrostat ic 
plates to correct for Dee misal ign
ments ; a similar system is proposed 
at TRIUMF. 

The use of computer control in the 
operat ion of cyclotrons is sti l l an area 
of controversy. At a panel discussion 
dur ing the Conference there was dis
agreement as to the use of many 
small or one large computer and as to 
the feasibi l i ty of opt imizat ion of beam 
quality. Developments in this f ield 
have included the incorporat ion of 
CAMAC systems at Eindhoven, Jul ich 
and TRIUMF and automatic control 
using beam monitors which is being 
implemented at Eindhoven. 

One theme which came up t ime and 
t ime again in the course of the Confer
ence was that of appl icat ions of cyc lo
trons (other than for nuclear research 
itself). There were many papers on 
this theme, for example — proton 
beams being used as a diagnost ic 
tool and in radiation therapy (Har-
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vard), deuteron beams in cancer treat
ment (Argonne Cancer Research Hos
pital), therapy wi th fast neutrons 
(Royal Marsden Hospital , London), 
cyclotrons in mater ials sc ience (Har
well), etc. Industr ial f i rms such as 
the Cyclotron Corporat ion are now 
manufactur ing compact cyclotrons for 
a variety of uses, mainly in hospitals. 
It seems certain that the number of 
cyclotrons dedicated to 'appl icat ions' 
is going to expand considerably. 

BROOKHAVEN 
Transition radiation 
detectors 
A different method of identi fying very 
high energy part ic les has been under 
investigation in recent years. It uses 
the phenomenon known as transit ion 
radiat ion whose existence emerged 
from the work of V.L. Ginzburg and 
I.M. Frank in 1946. Transi t ion radiat ion 
is the radiation emit ted by a charged 
part ic le as it crosses the boundary 
f rom one medium to another of 
different refractive index. The pheno
menon had remained hidden for so 
long because the quant i ty of radiat ion 
emitted is very smal l and special 
measures have to be taken before the 
radiated energy is enough to be 
measured. 

The possibi l i ty of using the pheno
menon became apparent after the 
work of another Soviet theoret ic ian, 
G.M. Garibian, who treated the prob
lem more complete ly and s impl i f ied 
the theory br inging it into usable form 
by showing what could be expected 
f rom relativistic part ic les — part ic les 
travell ing wi th veloci t ies close to that 
of l ight. Research in Germany, Japan 
and UK using high intensity part ic le 
beams of comparat ively low energy 
verif ied the existence of the transi t ion 
radiation and conf i rmed also that the 
emerging radiat ion is 1 0 0 % polarized 
in the optical region. 

A pulse height distribution demonstrating the use 
of the transition radiation phenomenon in the 
identification of charged particles. This 
particular experiment showed that particle 
identification is possible even at very low 
energies (1.4 GeV). Styrofoam was used to 
provide the many boundaries for the particles to 
cross and these 'radiators' were used in 
conjunction with multiwire proportional chambers. 
The peak on the right is for electrons and the 
peak on the left for pions. 

At the Yerevan Physics Institute in 
Armenia, A.I . Al ikhanian pursued the 
possibi l i ty of appl icat ion in identifying 
part ic les and did research with cos
mic rays and electron beams (see the 
report of the Dubna Instrumentation 
Conference in vol. 10, page 275). A l i 
khanian has now turned to looking for 
enhancement effects which might 
come from resonances in crystal 
structures — thin sl ices of d iamond 
and mica are being tr ied. 

The reason for trying to master 
transit ion radiat ion so that it can be 
used in detectors is that a measure
ment of the radiated intensity is an 
excel lent handle to identify a part icle 
and would have part icular advantages 
at high energies. A favourite ident i
f icat ion technique is the Cherenkov 
counter wh ich , in its DISC form, is 
proving capable of extension to hun
dreds of GeV energies (see last issue 
page 234). The Cherenkov counter is 
sensit ive to the 'beta' of a charged 
part ic le (the ratio of the part icle velo
city to the veloci ty of light) and hence 
the technique really has to be pushed 
hard to dif ferentiate between part icles 
when they are all f ly ing around at 
very high energies — all close to the 
veloci ty of l ight. Transit ion radi
ation intensity is proport ional to the 
'gamma' of a charged part icle and less 
precise measurements are needed 
to dif ferentiate between part icles of 
different velocity in the relativistic 
region. Knowing the energy of a 
part ic le, the pinning down of gamma 
completely identif ies the part icle. 

A few years ago research on transi
t ion radiat ion detectors began at 
Brookhaven under L.C.L. Yuan with 
the aim of identi fying individual par
t ic les as is necessary in high energy 
physics research. The initial exper i 
ments were to conf i rm the predict ions 
of the Garibian theory. This was done 
wi th pions and protons from the 
33 GeV alternating gradient synchro
tron f i red through an array of 230 thin 

metal foi ls (silver and aluminium were 
used) stacked together wi th a small 
separat ion between each foi l to pro
vide many surfaces at which transit ion 
radiat ion would be produced. The 
radiat ion emitted in the opt ical spec
trum was observed by photomult ip l iers 
with the foi ls t i l ted at an angle of 
30° so that the l ight could emerge. 
(To measure background effects due 
to scatter ing or other sources the foi ls 
were temporar i ly replaced by a sol id 
block of the same material.) 

The intensity of the transit ion radi
ation in the X-ray region was shown 
to be direct ly proport ional to the 
gamma of the part icles. This was 
further conf i rmed when measurements 
were extended to much higher gamma 
values by transport ing the detector 
to the 12 GeV electron synchrotron at 
Cornel l . 

A look at the transit ion radiat ion 
in the X-ray region moved to yet 
another Laboratory for experiments 
on the 6 GeV electron synchrotron at 
Cambridge, Massachusetts. Here the 
foi ls were set vert ical ly, the charged 
part icles passing through were bent 
off by a magnetic f ield and the radi
ation was observed in the forward 
di rect ion. Again the gamma depend
ence was clear and measurements 
were also made of the way in which 
the radiat ion becomes progressively 
more concentrated in the forward 
direct ion as the part icle energy goes 
up. 

Back at Brookhaven, further tests 
showed that even at low energies 
(around 2 GeV) the transit ion radi
ation phenomenon could be used to 
dist inguish pions and protons f rom 
electrons. A thirty stage detector is 
now being built. As the technique 
comes more and more under control 
the potential appl icat ions become 
clearer. A proposal to use such a 
detector in experiments at the CERN 
SPS is being put forward. 
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CERN News 

Synchrotron 
injector injects 
Commissioning of the 800 MeV syn
chrotron injector, or Booster, for the 
28 GeV proton synchrotron, which 
started in May of this year, has con
t inued throughout the summer months 
(in paral lel wi th the normal programme 
of the PS). On 24 August it fed pro
tons at 800 MeV to the PS for the 
first t ime. We wi l l record the major 
advances chronologica l ly s ince our 
last report (June issue page 197). 

In June the Booster had just one 
of its four superposed rings (Ring 3) 
in act ion whi le wai t ing for the sep
tum magnets, wh ich send beam from 
the 50 MeV l inac to other levels, to 
be replaced by the def ini t ive versions. 
On 16 June, adiabat ic t rapping was 
tr ied and worked beautiful ly. This is a 
comparat ively new technique (see vol . 
10, page 355) in which the r.f. f ie lds 
creep up on the injected beam (mag
netic f ie lds increasing slowly also). 
Theoret ical ly it is possible for the 
accelerat ing f ie lds to get hold of all 
the in jected part ic les in this way. At 
this f irst at tempt the remarkably high 
f igure of 9 4 % t rapping eff ic iency was 
achieved (and has only rarely been 
matched s ince !). A beam of 3 X 10 1 1 

protons was accelerated to 800 MeV. 

Three days later, tuning of the r.f. 
feed-back system progressively nudg
ed the accelerated intensity higher 
until the 10 1 2 protons per pulse level 
was reached. On 21 June, mult i - turn 
inject ion was tr ied again and it prov
ed possible to feed 3 X 10 1 2 pro
tons into Ring 3 wi th no sign that this 
high intensity (at the low energy of 
50 MeV) was causing any space 
charge effects. This conf i rmed the 
mult i- turn in ject ion results of earl ier 
in the month when 5 X 10 1 2 was 
injected into one of the four rings. 
With an adiabat ic t rapping eff ic iency 
of around 75 % , beams in excess of 

Assembly of the prototype quadrupole for the SPS 
in August. Field measurements are now under 
way. The contract for the manufacture of the 
216 quadrupoles for the machine will be 
discussed at the October meeting of the Finance 
Committee. Manufacture of the bending magnets 
has already been discussed by the Finance 
Committee and the final details of contracts 
are being negotiated with three European firms, 
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10 1 2 protons per pulse were being 
accelerated to 800 MeV. 

Then came a month of frustrat ion 
caused by a series of equipment 
faults combined with poor perfor
mance of the linac. Instabil ity of the 
l inac beam often made it very dif
f icul t to make any progress in the 
commissioning programme (the Boost
er requir ing an injected beam of 
higher stabil i ty than the PS itself). The 
only important advance in July was 
the br inging in of Ring 1 when one 
septum was ready for act ion. On its 
f irst run, 12 July, 90 % trapping eff i 
c iency was achieved with only 7 % 
lost in subsequent accelerat ion. Two 
days later eject ion was successful ly 
tr ied f rom Ring 3. The five ejected 
bunches were detected at a pick-up 
station and by a beam transformer in 
the transfer line to the PS where the 
protons were halted in a beam dump. 

Early in August all the septum 
magnets were back in act ion and, on 

11 August, beams were injected into 
all four rings. 17 August saw one of 
the best runs to date with very stable 
beams from the l inac. This made it 
possible to do a very careful check 
on the magnet system in all the rings. 
The magnet performance proved to 
be in excel lent agreement wi th the 
design predict ions. Closed orbit d is
tort ions were 3 mm peak in the hor i 
zontal plane and 4 mm peak in the 
vert ical plane. The Q values in the 
four transverse planes were equal to 
wi th in ± 0.004. 

On 21 August, all four r ings were 
accelerat ing beam to top energy 
together for the f irst t ime. Two days 
later the highest accelerated intensity 
at 800 MeV to date was recorded in 
Ring 3 (1.4 X 10 1 2 protons per pulse 
which is a litt le more than half the 
nominal intensity to achieve 10 1 3 f rom 
the Booster). On 24 August, Ring 3 
was in the l imelight again when its 
f ive bunches (3 X 10 1 1) were ejected 
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Recent view of the Omega spectrometer. The 
beam-line providing the high energy particles can 
be seen coming in top left. The large 
spectrometer magnet itself is now topped by an 
'igloo' in which the Plumbicon cameras are 
operating. Above the igloo, helium transfer lines 
can just be seen heading for the helium 
refrigerator which cools the superconducting 
coils. The ten optical spark chamber modules 
(100 gaps in all) have been rolled out of the 
magnet aperture to the right. Notice that they 
are inclined to the vertical so that the cameras 
can see into the gaps without involving many 
mirrors. 

and transferred to the PS. These pro
tons from the Booster at 800 MeV 
were observed in the PS for three 
turns. At the second attempt, 3 X 10 1 1 

protons coasted in the PS until (after 
7 ms) the rising magnet ic f ield drove 
them into the vacuum chamber. The 
inject ion eff ic iency was about 9 7 % . 

Omega testing 
Since the beginning of June there 
have been five short runs (three days 
each) during wh ich beams have been 
fed to the Omega spectrometer. Three 
experimental groups were sett ing up 
and testing their detectors and the 
performance of the spectrometer is 
looking healthy. 

To recall brief ly the major features 
of Omega: A superconduct ing magnet 
provides a 1.8 T f ie ld in a very large 
aperture (3 m diameter, 2 m between 
poles and 1.5 m between coils). The 

aperture contains a detect ion system 
which is init ial ly a series of opt ical 
spark chambers observed by Plumbi
con cameras. A large 'dedicated' com
puter system, involving PDPs, an EMR 
6130 and a Oil 10070, receives the 
data on-l ine. The spectrometer is a 
'universal ' detector intended to serve 
many experiments with essentially the 
same components. Several experi
ments can be set up at the same time, 
the data col lect ion being dictated by 
different t r igger systems. 

On 8 June the first run began with 
beam from the PS taken al! the way 
to the Omega installation in the West 
Hall. Three of the spark chamber 
modules were powered and were 
watched by two Plumbicon cameras. 
The second run saw all ten spark 
chamber modules and six Plumbicons 
in act ion. The third run brought on the 
magnet also for part of the t ime pro
viding a 1.1 T f ield in the aperture 
(only one superconduct ing coil is 

installed at present — the second 
coil wi l l be put in place probably in 
November to achieve the design f ield). 
For the last two runs it was all sys
tems go. 

The performance of the various 
components can be summarized as 
fol lows : The long beam-l ine from the 
PS is performing wel l . Positive and 
negative beams of momentum 8 GeV/c 
were available at wi l l throughout the 
runs. The magnet gave no trouble and 
it looks as if the new force-cooled 
type of superconduct ing coi l wi l l be 
a very successful feature of the spec
trometer. At present the helium refr i
gerator is holding one coil down wel l 
enough and work is progressing to 
meet the technical speci f icat ions re
quired for operat ion with two coi ls. 

The opt ical spark chambers were 
operated dur ing the runs both to opt i 
mize their performance and for data 
acquisi t ion. The Plumbicons have 
operated wel l and the on-l ine com
puter system looks in reasonable 
shape already. Obviously there is a lot 
of work to be done to improve the 
computer programs and to get more 
accurate information on track posi
t ions (it is hoped to achieve 0.5 mm in 
space or better). But overall the qua
lity of the data is looking reasonably 
good. 

Three teams were testing their ex
perimental set-ups dur ing the runs 
and an example of event reconstruc
t ion by the computer for each of the 
three tr igger systems is shown in the 
photographs. 

One experiment, to be carr ied out 
by a Bi rmingham, Rutherford, West-
f ield Col lege col laborat ion, wi l l study 
neutral bosons having zero strange
ness. The interact ion is J t ~ + p->n + bo
son and the detect ion system is tr ig
gered when a neutron is detected. 
This exper iment has almost all its 
components ready and may be the 
first to take data in the Autumn. 
Another experiment wi l l be carr ied 
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Computer displays of events recorded by the 
three experiments which are now setting up in 
the Omega spectrometer. The experiments have 
different triggers — the spark chambers are fired 
to record the events when different interactions 
occur. The Plumbicon cameras detect the sparks 
in the chambers, convert the light signals to 
electronic form and feed them to the on-line 
computer system. There events can be displayed 
on a TV screen. 

1. Detection of a neutron caused this event to 
be recorded. Note fiducial marks on the edges 
of the spark chamber modules. 

2. A slow proton is the trigger for this 
experiment. In the photograph a star indicates 
where it was detected outside the Omega 
magnet. Thin walled spark chambers help low 
momentum particles to escape on one side 
without scattering. 

3. A fast forward proton coming from the decay 
of a lambda is the trigger. Its path outside the 
magnet is traced between two scintillator arrays. 

1. 

out by a Bar i , Bonn, CERN, Daresbury, 
Liverpool , Mi lan col laborat ion. It wi l l 
study charged bosons f rom the inter
act ion J t~ + p-^p + X~. A slow proton 
is the t r igger for the detect ion system. 
All components are not yet in place. 
A th i rd exper iment, to be carr ied out 
by a CERN, ETH, Freiburg, Karlsruhe 
col laborat ion, wi l l study baryon ex
change involving the product ion of a 
lambda. The interact ions are then of 
the form if + p ^ A ° + (K° or K + ^ , 
etc.). The tr igger for the detect ion 
system is a fast proton in the forward 
d i rect ion coming f rom the decay of 
the lambda. A large Cherenkov 
counter has just been mounted for 
this exper iment and almost all com
ponents are now in place. By early 
next year the Omega spectrometer is 
l ikely to be pour ing out data. 

Superconducting 
quadrupole looking 
good 
Another item in the list of preparat ions 
for the day when beams of hundreds 
of GeV energy become avai lable at 
CERN was given its f irst tr ial run in 
August. A superconduct ing quadru
pole was constructed in the Synchro
tron Injector Division and on 21 August, 
only a few days after it was f irst cooled 
down, it c l imbed to 90 % of its cr i t ical 
current. This is a very high f igure 
compared wi th what has been usually 
achieved in sizable superconduct ing 
beam-handl ing magnets in other Labo
ratories. The total losses of the 

3. 
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cryostat together wi th the hel ium 
transfer l ine, when the magnet is 
powered, do not exceed 5 W. 

The quadrupole is 1 m long with a 
10 cm bore (the bore is at room tem
perature rather than cooled to hel ium 
temperature l ike the magnet itself). It 
is designed to provide a f ie ld gradient 
of 50 T/m which is several t imes higher 
than is avai lable f rom convent ional 
quadrupoles. The high focusing power 
wi l l be a great help in handl ing higher 
energy beams. 

The nominal current of 810 A, cor
responding to an overal l current den
sity in the w ind ing of about 300 A 
per mm 2 , was reached on 21 August 
in the first test. T r a i n i n g ' has been 
observed — the current rose pro
gressively after each quench as the 
magnet was powered — suggest ing 
that the magnet was sett l ing down 
mechanical ly. It is hoped to learn 
more about the or ig in of the training 
effect dur ing subsequent tests. Field 
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measurements in the magnet aperture 
are in excel lent agreement with the 
values expected f rom computat ion. 

The intr insical ly stable supercon
ductor has niobium-t i tanium f i laments 
of 53 inn diameter, 361 f i laments being 
twisted wi th a 25 mm pitch in a 
copper conductor of 1.3 X 1.8 m m 2 

cross-sect ion. The conductor was pro
vided by IMI, UK. Some idea of the 
construct ion techniques can be ob
tained f rom the photographs. The 
construct ion has been under the 
d i rect ion of A. Asner and D.F. Leroy. 

Pop physics 
How to give insight into the concepts 
of part ic le physics ? How to show 
to the general publ ic something of the 
inherent fascinat ion and fundamental 
importance of a subject which seems 
so far removed from ordinary affairs 
and so dependent on advanced 

Construction of the prototype superconducting 
quadrupole nearing completion. At this stage 
the central stainless steel bore has been 
surrounded by insulation, the superconductor 
has been wound on in quadrupole form, the 
structure to allow helium cooling channels is in 
place and the surrounding iron is being 
clamped around. 

Below: The completed superconducting 
quadrupole in its cryostat during tests. The 
control system can be seen in the background. 

mathematics ? This was the problem 
confront ing Dennis Postle, of Tattooist 
International, the producer of a f i lm 
which CERN has made as a co-pro
duct ion wi th the Brit ish Broadcast ing 
Corporat ion, London. 

The project started nearly three 
years ago after Postle had come to 
Geneva to make a f i lm on CERN for 
the regular BBC science programme 
'Horizon' . This f i lm, like others before 
it, ta lked about CERN, about the 
machines and about the physicists, 
but the physics remained for the most 
part in the background, intangible 
and inaccessible. 

We needed a new style, a new 
approach and we had to be selective 
in the phenomena we descr ibed. It 
was point less to try to cram into forty 
minutes of f i lm a course in physics 
which most students f ind di f f icul t 
enough when spread over as many 
months. In any case, few members of 
the publ ic wish to turn themselves 
into physicists over-night. But the 
publ ic is interested in knowing what 
part ic le physics has to do wi th them 
and how it relates to their day to day 
affairs. It wants to know what this 
research reveals. 

In the product ion of the f i lm, CERN 
has provided the physics know-how 
and many people have spent a lot of 
t ime and effort in trying to explain in 
s imple terms the pr incipal themes of 
present-day research — none more 
so than R. Hagedorn. The BBC, in the 
person of Peter Goodchi ld , editor of 
Horizon, has provided expert ise on 
presentat ion and has been the f inal 
arbiter on audience acceptance. 
Postle as producer has turned the talk 
into a theme, pictures and text. In the 
process, compounds have become 
bubble rafts, atoms concert halls, 
protons motor cars, pions small boys, 
interact ions dances and quarks a 
series of moves in a special game of 
chess. The accelerators, the ISR and 
the big detectors remain in the back-
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Physics on film — shots from the film to be 
released in November : 

Hadrons (vehicles), pions (boys) and kaons 
(adults) prepare for interactions. The last two 
carry zero hadronic charge. They are black, grey, 
white for negative, zero, positive electric charge. 
Unfortunately from a photograph it is not possible 
to hear the hypercharge ! 

Below, Jeremy confronts the quark model on 
a special chess board. 

ground giv ing place to a machine gun 
and paper target wh ich provided the 
part ic ipants at least, wi th a lot of fun. 
The music has been composed and 
is played by Pete Townshend of T h e 
Who'. 

The f i lm is meant to be entertaining, 
but it is, nevertheless, a serious 
attempt to show something of the 
methods behind the research and to 
give some impression of the sur
prising order and harmony which the 
physics reveals as underly ing the 
disorders and divisions which are 
usually more apparent in our daily 
lives. 

For the BBC it represented a new 
approach both in technique and 
organizat ion. For Tattooist it was a 
chal lenge to get to gr ips wi th a sub
ject that must be one of the most 
dif f icult to portray. For CERN it is 
another exper iment — if not in phys
ics this t ime, at least in physics 
communicat ion. 

Copies are being produced in En
gl ish, French, German and Italian 
and the f i rst publ ic t ransmission to 
U.K. audiences in the new TV Horizon 
series is provis ional ly scheduled for 
2 November. A l imited number of 
copies wi l l be avai lable on loan f rom 
the Public Informat ion Off ice at CERN 
for showing to non-paying audiences 
soon after. It is hoped too that other 
TV networks wi l l be interested in 
screening the f i lm. For such transmis
sions, BBC Televis ion Enterprises wi l l 
be handl ing the negotiat ions. 

Footnote : Comment f rom a phys
icist on seeing one of the many drafts 
'We risk making high energy physics 
crystal c lear to the publ ic and total ly 
obscure to the phys ic is t ! ' 
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Laboratory I 

Perspective plan of CERN site 

The accelerators are indicated by the 
usual init ials : 

PS : 28 GeV proton synchrotron 

SC : 600 MeV synchro-cyclotron 

SPS : accelerator being constructed 
underground to provide 
energies of several hundred GeV 

ISR : intersect ing storage rings 
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The locat ion of major detectors, etc. is indicated by means 172 
of the buld ing numbers which are l isted here in numerical 180 
o r d e r : 181 

184 
30 Off ice b lock of Intersect ing Storage Rings Division 191 
52 Main Library 360 
60 Admin is t ra t ion bui ld ing 500 
64 Counci l C h a m b e r ; Public Information Off ice 501 

150 PS South exper imental hall 504 
151 PS North exper imental hall 513 
156 2 m bubble chamber 590 
157 PS East exper imental hall 
171 Heavy l iquid bubble chamber (Gargamelle) , 593 

On-l ine isotope separator (ISOLDE) 
West experimental hall ; Omega spectrometer 
Hall 11 experimental area at ISR 
Hall 14 experimental area at ISR ; Spli t Field Magnet 
3.7 m bubble chamber (BEBC) 
PS synchrotron injector (Booster) 
Main audi tor ium ; post off ice / bank / travel agency 
Restaurant No. 1 
Restaurant No. 2 
Central computer bui ld ing 
Barracks providing temporary accommodat ion 
for Laboratory II 
European Southern Observatory off ices 
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350 MHz 

REAL-TIME 

PORTABLE 

T h e N E W 485 is a portable 350 -MHz*5mV/Div dual t race oscil loscope with 
a host of new features l ike: 

— 5mV/Div Sensitivity at full Bandwidth 
— 1ns Sweep Rate. No Magnif ier . 
— Selectable Input Impedances: 50 Ohms and 1 M e g o h m 
— Alternate Delayed Sweep 
— Vert ical Scale Factor Readout 
— External Trigger Display 
— X - Y Operat ion (3° phase shift at 5 M H z ) 

— Reduced Weight, only 10 kg 

Price: f rom Fr. 17 3 3 0 . — to 18 9 0 0 . — 

W e shall be glad to send you complete information. Please call 042/21 91 92 

* at 50 Ohms, 250 M H z at 1 M e g o h m 

T E K T R O N I X I N T E R N A T I O N A L A G 
POSTFACH 57 6301 ZUG/SCHWEIZ 
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October 2 3 - 2 7 
Britain is bringing fourteen 

companies to meet you at CERN 

Alma Components Ltd 
British Insulated Callender's 
Cables Ltd 

Edwards Vacuum Components 
(A division of The British 
Oxygen Co Ltd) 

EMI Electronics Ltd 
Electron Tube Division 

English Electric Valve Co Ltd 

Ferranti Ltd 
Automation Systems Division 

The General Electric Co Ltd 

Flextube Ltd 

J & P Engineering (Reading) 
Ltd 

Pye Ether Ltd 

R. A. Stephen & Co Ltd 

Twentieth 
Century Electronics Ltd 
Westinghouse Brake & Signal 
Co Ltd Semiconductor 
Division 

Willsher & Quick Ltd 

Sponsored by the Brit ish Electr ical and Al l ied 
Manufacturers Associat ion (BEAMA on behalf 
of the Measurement, Control and Automat ion 
Conference (MCAC). 
Fourteen Brit ish companies wi l l exhibit their 
latest equipment f rom Monday October 23 to 
Friday October 27. 
The exhibi ts wi l l be supported by Britain's top 
engineers to discuss the latest developments 
in nuclear instrumentat ion, components and 
equipment. 

Come and see us on the first floor 
of the CERN administration building 



STOP PRESS STOP P R E S S . . . 
EEV have introduced the E716 - a 

completely new storage tube which gives 
a la rge useful s c reen size of 10 x 10 cms with 
good resolution and display uniformity 
as well as good deflection sensitivity 
and robust s torage dielectric. 

As well as be ing suitable for oscillo
scopes , the large display area makes 
the tube attractive for special applications 
such as : • Medical Instrumentation 

• Ultrasonics • Computer Graphics 
• Radar and Sonar Equipment 

Data and pr ices are available - we we lcome 
your enquir ies - ask for extension 409 or 423. 

Thyristors for pulsed magnet power supply 

Capaci tor charged to 3.3 kV. 
Peak current th rough 
thyr is tor 4.5 kA. 
Repet i t ion rate - 1 pulse per 
second 
IN REGULAR SERVICE 
W e are exh ib i t ing at 
CERN Exh ib i t i on Geneva 
2 3 - 2 7 t h October 1972 
Send your problem to : 
W e s t i n g h o use B r a k e a n d S i g n a l 
Co L t d Semiconductor Division 
(Dept. CR 2) 82 York Way 
London N1 9AJ Telex 261 629 
Telephone: 01 -837 6432 

WESTINGHOUSE 



Observation of random transient waveforms—difficult, if not imposs 
ible with ordinary c.r.t. ' scopes—is made simple with the EEV Storage 
Tube. 

A full brightness image with continuous viewing can b e re 
tained for several minutes—and with added circuitry this can 
extended to ten minutes or more . Under 'hold' conditions 
an image may b e stored for days. The tube can also b 
used as a conventional c.r.t. with post deflection 
acceleration. 

No viewing hood is neces sa ry ; good, clean 
photography of waveforms is as easy as taking a 
family group. No expens ive recording cameras % 
are required and film is saved because the wave 
shape can b e adjusted as requi red before exposing, 

Quite an achievement isn't it? How is it done? 
Conventional c.r.t.'s have one electron gun. The EEV 
tube has two. One of them, the flood gun, is capable 

of illuminating the whole sc reen whilst the other— 
the writing gun—has a finely focused beam which 

writes information on a storage mesh, so producing an 
'electronic stencil'. The flood gun^s electrons flow through 

this stencil, lighting up the pattern on the fluorescent screen . 
This gives an image that is not only longer lasting, but also 

bright enough for full daylight viewing. 
The EEV rectangular type E714 is unique, and represents 

a major step forward in the design, manufacture and appli
cation of Storage Tubes—the latest proof of EEV knowhow. Sfe 

Please write or telephone for further information. ™? 

EEV know how. 
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England, CM1 2QU. Te l : 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford.l 
A member of THE GEC ELECTRONIC TUBE CO L T D , a management company wh ich unites the activities of English Electric Valve Co Ltd and The M - 0 Valve Co Ltd 

Ask for 
technical 

data 
THERMOLUMINESCENT 

DOSEMETER READER 
manufactured by 

SAPHYMO-SRAT 
51, rue de I'Amiral-Mouchez - 75-Paris 13 e - France 

Tel. 588.16.39 - 588.45.39 
Telex 25 731 F TESAFI PARIS 

O THOMSON-CSF 
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Liquefying. Storage 
Transport. Supply 

Handling. Applications 
of cryogenic fluids 

from 4 to 100° K LAIR LIQUIDE 
always has an equipment or 
a technique at your disposal. 

L A I R L IQUIDE 
DIVISION MATERIEL CRYOGENIQUE 
57 Avenue Carnot 94 CHAMPIGNY/M 
tel 883 97 40 TelexChampalchamp 23 884 
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EG&G/Ortec makes building blocks 
for CAMAC systems. 

C A M A C Crate and Power Supply 

When equipped wi th TC024 Terminator Module 
and CC101 Type A Crate Control ler (not 
shown), crate forms cornerstone of any new 
CAMAC system. MC102 power supply is 
forced-air cooled. 

RI224 Input Register & R 0 2 2 4 Output Register 

Bring TTL-level data f f 
direct ly into CAMAC 
dataway. Drive peripherals | 
direct ly f rom CAMAC | 
dataway. Versati le registers 
transfer data by handshake 
mode. I 

BD 011 Branch Driver 

Interfaces PDP-11 computer and our BH001 
CAMAC Branch Highway (conforms to 
EUR-4600e). Extends CAMAC flexibi l i ty to 
computer, resulting in integrated computer-
based data logging and control system. 

TM024 Branch Driver Test Module 

Functions as integral part of system 
diagnostic software, al lows CAMAC 
array to be debugged to the module 
level. Includes checkout and data-
handler program for PDP-11. 

C212 St robed Coinc idence Buffer 

< 2nsec overlap, up to 24 bit 
capacity. Internal latching activated 
at strobe pulse trai l ing edge 
generates 3 modes of L (look-at-me) 
signals. 

C A M A C Scalers 

S424 is quad 150 
MHz scaler, S416 

is quad 50 MHz, S812 is octal 50 MHz. Al l 
accept either fast NIM pulse trains or 
individual pulses. 

NIM.. . CAMAC 
Three names to keep 

Wri te for l i terature 
All these products are thoroughly descr ibed in 
technical data and spec sheets available f rom 
EG&G/Or tec sales engineers and our 
headquarters in Oak Ridge. Let us respond to 
your interest in any phase of computer-based 
CAMAC systems. EG&G/Or tec High Energy 

...EG&G/Ortec 
together in your mind 

Physics Products, 500 Midland Road, 
Oak Ridge, Tenn. 37830. Phone: (615) 482-4411. 
In Europe: Ortec Ltd., Dallow Road, Luton, 
Bedfordshire. Phone: LUton 27557. 
Ortec GmbH, 8 Munchen 13, Frankfurter 
Ring 81 , West Germany. Phone: (0811) 359-1001. 

/ 
HIGH ENERGY PHYSICS 
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H i g h F i e 

V A C 

b T i b , 

i e l d S i 

a s e d a l l o y 

S u p e r c o n d u c t o r 

M Y F L U X 5 0 0 1 

For further information 
please apply to 

Cryostatically Stabilized Superconductors 
Applications: Big magnets of high stored energy 

Intrinsically Stable Filament Conductors 
Applications: Reliable magnets on laboratory scale 

Superconducting Braids 
Applications: Pulsed D.C. magnets for use in 
high energy physics. 

V A C U U M S C H M E L Z E G M B H • D 6 4 5 H A N A U 
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E=] HEI ESQ made it again! 
A new Camac crate with power supply 
for people who want to choose the best. 

New mechanical construction 

New compact power supply - 200 W 

New front panel 

Ask for more information 

electronique 31, av. Ernest-Pictet - 1211 GENEVA 13 - SWITZERLAND - Tel. (022) 442940 

Denmark: 
France: 

Germany. 
Benelux * 

Italy: 
South Africa: 

Sweden: 
U.K.: 

U.S.A.. 
Canada' 

J. FJERBAEK i/s, Ingenior, M. AF I - Hoeghsmindevej 23 - 2820 Gentofte/Copenhagen 
ORTEC SARL - 2, quai du Pare - F-94 Saint-Maur 
SEN Elektronik - Haidbrook 23, Postfach 223 - D-2 Wedel /Hmb. 

ORTEC-ltalia SRL - Via Monte Suello 19 - 20133 Milano 
DENBIGH SMITH & PHILLIPS LTD. - Honiton Road 33 - Plumstead, Cape 
POLYAMP AB - Toppvagen 20 - 17500 Jakobsberg 
ORTEC LTD. - Dalroad Industrial Estate - Dallow Road - Luton Lu11su/Beds. 
EG&G/ORTEC - 100 Midland Road - Oak Ridge, Tenn. 37830 



Protect the sectors of your research 
units from air inbreaks by mounting a 

FAST CLOSING FLAP VALVE 

• with a free passage of 100 mm 

• closes high vacuum tight by 
means of a rotary spring within 
less than 25 msec 

• opens by means of a gearmotor 
and remains open currentless 

• with remote position indication 

• passage bellows-sealed 

• stationary seals in metal 

For further information apply to 

VAT AKTIENGESELLSCHAFT 
fur Vakuum-Apparate-Technik 

CH-9499 Haag 
Tel. 085 / 715 85 

High 
Energy 
& Nuclear 
Equipment 

HENESA was established in Geneva five years ago to act as the 
technical l iaison l ink between science based industry and CERN, other 
Research Centres, Universit ies and Hospitals. Our Suppl iers — mostly in 
the United Kingdom, Canada and the U.S.A. — employ over 1000 phys
icists, engineers and other technical staff special ized in the design and 
manufacture of Radiation Detection Devices and associated electronics 
for all appl icat ions; Computer Peripherals; Cyclotrons; small Reactors; 
Cobalt 60 Irradiators; Sources — Cobalt 60, Carbon 14, etc. 
NEW APPOINTMENTS: 
1. Atomic Energy of Canada Limited — Slowpoke Reactor for Univer

sit ies, Hospitals and Research Establ ishments: Gamma Irradiators 
for research: Gamma Steri l izers for medical products: Cobalt 60, 
Carbon 14 and other Sources. 

2. Teledyne Isotopes — World leading company special iz ing in the 
TLD Dosimetry f ie ld and manufacturing Teflon discs, Manual, semi
automatic and automatic TLD Readers for personnel, f inger and area 
moni tor ing. 

3. Wenger Datentechnik — Print Swiss Digital and Alphanumeric 
Printers — parallel and low cost (made in Switzerland). 

SUPPLIERS 
Nuclear Enterprises Ltd. 
The General Eng. Co. (Radcliffe) Ltd. 
S.E. Laboratories (ENG.) Ltd. 
D.A. Pitman Ltd. 
Computer Instrumentation Ltd. 
Scientifica and Cook Electronics Ltd. 
Lan-Electronics Ltd. 
T.E.M. Instruments Ltd. 
PEC Limited 
Laben 
Bren d'Amour (BRECO) 
The Cyclotron Corporation 
Wenger Datentechnik 
HENESA - 2, chemin de Tavernay, 1218 Geneva (Ronald Stiff). Telephone 
(022) 98 25 83/82, Telex 23 429 answer back "st i f f c h " . 
HE + NE High Energy and Nuclear Equipment (Deutschland) GmbH -
Savignystrasse 55, 6 Frankfurt/Main 1 (Richard Kohl or Heinz Eipel). 
Telephone (0611) 74 82 27, Telex 41 4486 answer back " e s d " . 

LeCroy Research Systems Corp. 
Atomic Energy of Canada Limited 
Teledyne Isotopes 
Simtec Industries Ltd. 
Johnston Laboratories Inc. 
Scientific Res. Instruments Corp. 
Electronics and Alloys Inc. 
Techexport Inc. 
Tennecomp Systems Inc. 
Input Output Computer Services Inc. 
Photophysics Inc. 
Conographic Corporation 
Adar Associates Inc. 

HELIUM — HYDROGENE — AZOTE 
— ARGON 

OXYGENE 

Pour toutes les appl icat ions des tres basses 
temperatures 

• CONTAINERS BIOLOGIQUES 
DE CONSERVATION 

• VASES DEWARS 

• CONTAINERS DE STOCKAGE N 2 

• RESERVOIRS He 
• CRYOSTATS 
• LIGNE DE TRANSFERT 
• REGULATION DE NIVEAU 
• REGULATION DE TEMPERATURE 

CRYO DIFFUSION 
49, rue de Verdun — LERY 

Telephone 64 ou 74 — Telex 18 444 F 
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FIVES LILLE-CAIL 
Groupe Babcock Fives 

• Mecanique et chaudronnerie lourdes 
• Masses polaires en acier moule 
• Tuyauteries en aciers allies et inox 
• Portes, dalles et bouchons 
• Compresseurs d'air et de gaz 
• Turbines, groupes turbo-alternateurs 
• Traitement des minerals d'uranium 

(broyeurs, centrifuges de fi ltration, etc) 
• Appareils de levage et manutention, 

ponts roulants 
• Pieces sur plans 

• Heavy mechanical engineering and 
platework 

• Cast steel magnets 
• Alloy and stainless steel tubing 
• Air tight doors, plugs 
• Air and gas compressors 
• Turbines, turbo-generators 
• Uranium ore processing 

(grinding mills, centrifuges, etc) 
• Hoisting and handling equipment, 

overhead travelling cranes 
• Job-engineered parts 

Potentiometrischer Koordinatenschreiber D IN A 3 
SERVOGOR XY, Type RE 551 

Trans i s to r i s i e r t e r X Y - S c h r e i b e r mi t e l e k t r o s t a t i -
s c h e r P a p i e r n i e d e r h a l t u n g 
13 E m p f i n d l i c h k e i t s s t u f e n v o n 0,05 b i s 5 0 0 m V / c m . 
Zusa t z l i ch in j e d e m B e r e i c h k o n t i n u i e r l i c h e Ver -
g r o B e r u n g de r E m p f i n d N c h k e i t b is auf d a s 
2 ,5 fache m o g l i c h 

G e n a u i g k e i t ± 0 , 2 % v o m E n d w e r t o d e r ± 1 0 JJIV 
S c h r e i b b r e i t e : X - A c h s e . . . 37 c m 

Y - A c h s e . . . 28 c m 

S c h r e i b g e s c h w i n d i g k e i t 40 c m / s e c 
A u f z e i c h n u n g auf D IN A 3 B la t t m i t T in te 

Ka l i b r i e r t e N u l l p u n k t u n t e r d r u c k u n g fu r d i e 
X - A c h s e in S tu fen v o n 5 x 30 c m , fu r d ie Y - A c h s e 
in S tu fen v o n 5 x 20 c m 

Z e i t a b l e n k u n g (nur f u r d i e X -Achse ) e i n m a l i g 
o d e r mi t a u t o m a t i s c h e r W i e d e r h o l u n g in 8 G e -
s c h w i n d i g k e i t s s t u f e n v o n 0,1 b is 20 s / c m , A m p l i 
t u d e e ins te l l ba r v o n 5 —37 c m 

N e t z a n s c h l u B : 1 1 5 - 2 2 0 - 2 4 0 V, 50 Hz, c a . 100 VA 

GOERZ ELECTRO Ges.m.b .H. , A-1101 Wien - Postfach 204 - Te lex : 1 31 61 
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count on! 
Radioactive 

Gas Monitors 
TRITON systems monitor gamma 

radiation, tritium, argon-41, carbon-14, 
chlorine-36, fluorine-18, krypton-85, 

radon-222, sulfur-35, xenon-133, and 
xenon-13 5. Features: 0.5 micron 

absolute filters, electrostatic precipitators, 
positive displacement pumps, gamma 

compensation to 5 mR/hour. 
Triton 955. Exceptional sensitivity: 

l O ^ C i / M S ful l scale for H*. 
Triton 1055. Portable. Operates on 

rechargeable batteries. 
Sensitivity: 5(VCi /M3 full scale for H 3 . 

Triton 755C. Suitable for rack mounting. 
Sensitivity: lOO/xCi/M^ full scale for 

Triton 1125. Mil-Spec quality. 
Portable, rugged, rainproof. 

100^Ci /M3 full scale for H*. 
Tritium Calibrator (CL-1). For field 

calibration of Triton monitors. Accurate, 
rapid calibration in 3 to 5 minutes. 

Remote Alarm (RA-1). Audible and 
visual. Powered from main instrument. 

Operates up to 500 ft. from main 
instrument. 

Spectrometry 
Focused Mesh Multiplier (MM-1). For 

pulse counting or current measurement 
of electrons, ions, UV or x-ray photons, 

and energetic neutral atoms or molecules. 
Guaranteed reactivateable. Delivered 

gain: 106 to 108. Noise less than 1 
count/minute at 107 gain. Gain 

stability at count rates in excess of 
106/second. Bakeable at 350° C. No 

ion feedback. Non-magnetic. 1.5 sq. in. 
active surface area. (Model MM-2, 

miniature version of MM-1.) 
Pulse Amplifier Discriminator (PAD-1). 

Low power consumption. Charge 
sensitive input. Rise time: 3 nanoseconds. 

Adj. discriminator: 20:1 range. Rugged. 
Miniature. (Model PAD-2 for pulse 

counting rates to 107sec.) 
Regulated High Voltage Power Supply 

(HV-4R). No vacuum tubes. Output: 
500 v. to 6.1 kv. Reversible polarity. 

Noise less than 300 microvolts RMS. 
Drif t less than .01%/hour, .02%/day.. 
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conversational timesharing, 
remote job entry (batch and t ime

sharing), and real-time equally 
well and simultaneously. 

All five systems run all four 
functions using the same operating 
system with the same job control 
commands. All are serviced by the same 
language processors COBOL, ALGOL, 
FORTRAN, BASIC, MACRO, and many 
others. The only thing that changes is 
speed and capacity. 

Digital Equipment Corporation 
International-Europe, 81 , Route de I'Aire, 
CH-1211 Geneva 26. Tel. 022/42 79 50, 
Telex 22683. 

Reading, London, Manchester, 
Birmingham, Edinburgh, Munich, 
Cologne, Hannover, Frankfurt, Vienna, 
Stockholm, Oslo, Copenhagen, Paris, 
Grenoble, The Hague, Brussels, Zurich, 
Milan. 
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PRINT RELAYS 
Series REL14 

New relay of extremely compact size, for direct mounting 
on printed circuit boards. High switching capacity. Dust-
proof encapsulated with "Makrolon" hood. 

Nominal voltage : 
Contact equipment : 
Contact material : 
Contact load : 

Breakdown voltage 
Dimensions : 
Terminals : 

6 . . . 60 V = 
1 twin change-over contact 
AgCdO, or AG-gold plated 
4 A, 250 V, max. 1000VA 
2 A, 30 V = , max. 60 W 
2 kVeff 
26 X 12.5 X 10.5 mm 
to 1/10" standard grid spacing 

Series REL 35 

Print relay with height of 10.5 mm. Terminals to 1/10" 
standard grid spacing. 2 or 4 twin change-over contacts 
High life duration and reliability. 

Nominal voltage : 
Contact load : 
Dimensions : 

6 . . . 4 8 V = 
220 V, 2 A, 100 VA 
30 X 10.5 X 19.5 resp. 24 mm 

! R N I 
ERNI+Co. Electrical Products 
CH-8306 Brutt isel len/Zurich 
(Switzerland) 
Telex53699 Phoned/931212 

STEPHE 
*,4 

QUARTZ FIBRE 
POCKET DOSIMETERS 

Ask for literature giving details of full range and charging unit 

R. A. STEPHEN & CO. LTD. 
MILES ROAD — MITCHAM — ENGLAND CR4 3YP 

Technical Rubber 
and Plastic Goods 
This is your 
address : 

8051 Z u r i c h 
T e l . ( 0 1 ) 4 0 1 1 00 

Ask for free literature by sending this coupon 
• hose catalogue 
• hydraulic hose catalogue 
• air hose catalogue 
• o-rings and seals catalogue 
• rubber sheeting sample book 
• power transmission elements 
• rubber and plastics profiles 
• protective rubber gloves 
• MAAGinform periodical 
• dielectric materials 

Name 
Department 
Internal telephone No_ 

I Special interests 
I Signature _Date„ 

We have special radiation resistant rubber compounds that give 
unique service - please contact us for hoses, profiles, sheets, 
seals, cables. 
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in the SPECTRASCOPE NIM 8001 
ONLY THE SIZE IS SMALL 

T H E S P E C T R A S C O P E N IM 8001 IS A M O D U L A R , N I M -
S T A N D A R D ANALYZER SUITED T O A W I D E R A N G E 
O F NUCLEAR S P E C T R O M E T R Y A P P L I C A T I O N S . 

• PULSE A M P L I T U D E A N A L Y S I S 
• T I M E - O F - F L I G H T M E A S U R E M E N T S 
• A U T O M A T I C ANALYSIS C Y C L E S W I T H DATA PRINT

O U T 
• DECAY STUDIES 

• T H E S Y S T E M CAN BE C O N N E C T E D T O ANY C O N 
V E N T I O N A L O U T P U T DEVICES, I N C L U D I N G DIGITAL 
CASSETTE R E C O R D E R S 

S P E C I F I C A T I O N S 

Memory 
— Number of channels: 512 
— Memory subgrouping: up to 4 subgroups selectable by manual or 

external control 
— Count capacity per channel: 106 - 1 or 22 4 - 1 
— Memory cycle time: 3 pis 
— Multiscaler (MCS) measurements. Two simultaneous inputs can 

also be used 
— Spectra integration 

— Timing programming facilities using the plug-in unit Mod. 8190 

Display 
— 8 x 6 (cm) cathode-ray tube (larger size tubes can be externally 

connected) 
— Channel identification by overintensification of the relevant spot 
— Energy calibration with constants of 1, 2, 4 or 8 KeV/channel 
— Standard digital display for reading the integral value between 

two selected channels, the address and energy of any channel, 
or the content of that channel 

WIDE SELECTION OF NIM-STANDARD INPUT UNITS INCLUDING 
AMPLIFIERS, DISCRIMINATORS, ADC'S, TIME-OF-FLIGHT UNITS, 
ETC. 

FOR COMPLETE DETAILS, WRITE TO: 

MOHTEBEI s.p.a. E l LABtN Division 
20133 Milano-Italy-via Bassini 15-phone2365551 -telex 33451 





Andre Besson 
genieur E.P.F.L. 

Transformateurs speciaux et normaux 

Automatismes, electronique : 

etudes, montage de prototypes 
et de moyennes series 

1260 NYON (Suisse) 

Ibis, rue d'Oulteret 
T6lex : 27 328 bin ch 
Tel. (022) 61 35 06 
BoTte postale 61 

VACUUM PRODUCTS 
Hositrad/Holland N.V. 

Hositrad / Holland N.V. is a company, specialised in the 
custom made High -and Ultra High Vacuum field. 
We have polishing facilities (chemical) and can handle 
any shape or object. 

This is one ot 
the custom 
made 
products, 
made for one 
of our 
customers 
in the U.H.V. 
field. 

The sales representative for Veeco in Holland and Denmark. 

Amersfoort — Holland Phone: 03490-10080 
Stevinstraat 3 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'oeuvre 
Manutentions. 

Office nouveau du nettoyage ONET 

• N E T 

13-MARSEILLE 
75 - PARIS 
GENEVE 
74 - ANNECY 
01 - SAINT-GENIS 

26, bd Ferdinand-de-Lesseps - llle 
4 et 6, rue du Buisson - Saint-Louis 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Geneve 

tel. (91) 50 22 50 
Xe tel. (1) 20815 57 

tel. 25 78 88 
tel. (50) 45 46 41 
tel. (50) 41 12 07 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS et de I'ONU a Geneve. 
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We are ready with the 
stabilised DC power 

One of a series of 0 to 110V. 
2000 ampere (220kW) thyristor 

regulated highly stabilised DC po wer supplies 
for Rutherford Laboratory of the British 
Science Research Council. 

Experience builds on experience. Your beam line magnets demand DC power 
supplies w i t h high long- term stabil i ty, and since the '50's w e have been meet
ing that need in research establishments th roughout the wor ld . 
The development in our technology has kept pace w i t h yours. Ten years ago 
w e were able to stabil ise DC currents to one part in a thousand, long term. 
Today, w e are achieving six parts in a mi l l ion. 
Throughout the wor ld many hundreds of Brentford power supplies, ranging 
f rom 10 to 10 ,000kW are relied on to provide highly stable currents in spite of 
co inc ident variations in vol tage, frequency, temperature and load resistance. 
Call us and tell us your p lans—we can help you to realise them. 

§ Brentford 
Brentford Electric Limited, M a n o r R o y a l , C r a w l e y , S u s s e x , E n g l a n d , R H 1 0 2 Q F 
Te lephone: Crawley ( 0 2 9 3 ) 2 7 7 5 5 . Telex: 8 7 2 5 2 . Cables: Breco Telex Crawley Sussex. 
A member of the GHP Group. 

THE QUEEN'S AWARD 
TO INDUSTRY 1971 

F0RTECHN010GICAL INNOVATION 
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When we launched the new 
Master Ser ies DVM's we said t h e r e ! 
had never been anyth ing l ike it. 
Now, everybody agrees with us. 

Even in So lar t ron-Sch lumberger 
terms - and we ' re European leaders 
in DVM technology - customer 
acc la im has been outs tanding. This 
new instrument package, the 
biggest s ing le DVM launch ever by 
a manufacturer , has had the fastest 
sales take-off rate in the company 's 
history. 

And just four weeks after launch 
the instruments were awarded 
Br i ta in 's only gold medal at the 
Leipzig Internat ional Fair for 
"p roduc t techn ica l exce l l ence" . 

We've des igned 12 inst ruments to 
the same high s tandard , in the same 
elegant package, of fer ing the same 
high per formance-pr ice rat io. Each 
DVM in the Master Ser ies has a 

dif ferent speci f icat ion plus that 
indef inable someth ing that makes 
every Solar t ron-Schlumberger DVM 
a masterp iece. 

If e i ther pr ice or per formance is 
the standard by which electronic 
instrumentat ion is judged, then 
each ins t rument offers unbeatable 
va lue- for-money. Each has been 
eng ineered into a class of its ownT 
and one is r ight for you. Al l 

requi rements have been catered for 
- f r o m basic d.c. measurement to 
the highest speci f icat ion for d . c , 
a .a , ohms, rat io, autoranging, 
isolated p rogramming and, of 
course, microvol t integrity. 

Mai l the magaz ine 's reply-paid 
card, or wr i te or te lephone for our 
brochure. It detai ls the range, and it 
detai ls the suppor t ing anci l lary 
modules l ike recorder dr ive unit and 
current adap to r /and the 
p rogrammer , off l imit detector and 
on- l ine calculator abou t to be 
added. That makes The Marve l lous 
Masters a long-l i fe investment. 

It pays to contact the leaders in 
digital measurement . 

15, rue du Jeu-de-l'Arc 
1207 Geneve — Tel. (022) 35 99 50 

Schlumberger 




