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Ten years ago in August 1959, the first 

issue of CERN COURIER was publ ished. 

It was intended as a 'house journa l ' for 

staff members and concerned itself mainly 

wi th conveying news about CERN inside 

CERN. A few years later the journal 

became also one of the main channels 

for informing people outside CERN about 

the work of CERN. More recently its 

character has evolved further to take in 

informat ion on the work of related Labo

ratories. 

During this t ime the number of copies 

d ist r ibuted each month has grown steadi ly 

(the growth rate over the past three years 

has been 1 2 % / y e a r ) . 8300 copies are 

now pr inted — 4700 in French, 3600 in 

Engl ish. This ref lects the increase in the 

CERN populat ion itself but even more the 

increase in the number of people f rom 

outside CERN who have asked to receive 

CERN COURIER. The external d ist r ibut ion 

is now greater than the internal d is t r ibut ion. 

In 1968, a survey of the readership was 

carr ied out to check that the way in 

which the journal is developing is in line 

wi th the interests of the major i ty of 

readers. The survey conf i rmed many 

expectat ions but produced a few surprises. 

Taking some of the results f rom the 

external readership : 50 % of the 2800 

quest ionnaires wh ich were sent out were 

completed and returned (surveys of this 

type might reasonably expect 1 5 % re

sponse) and 3 6 % of those who repl ied 

said that they are 'cover-to-cover ' readers. 

In addi t ion, 8 6 % f ind the level 'about 

r ight' — but then maybe they would not 

take CERN COURIER in the f irst place if 

it were not 'about r ight ' . 

The breakdown of the readership into 

act iv i t ies showed that 7 5 % are graduate 

staff in sc ience and engineer ing. The 

divis ion into d isc ip l ines revealed 3 0 % in 

sub-nuclear physics, 9 % in accelerator 

design or operat ion, 2 4 % in other sc ien

t i f ic research, 2 0 % in educat ion. Each 

copy has an average of 3.5 readers. 

The above f igures indicate that, wi th in 

the l imi ted f ie ld wh ich it covers, CERN 

COURIER is meet ing the interests of 

readers reasonably wel l . For the future, 

the important results f rom the survey 

came f rom the quest ion where readers 

were invited to state preferences. Three 

items received a large number of votes. 
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Comment CERN, the European Organizat ion for j 
Nuclear Research, was establ ished in 
1954 to provide for co l laborat ion 
among European States in nuclear re
search of a pure scient i f ice and funda
mental character, and in research 
essential ly related thereto ' . It acts as a 
European centre and c o o r d i n a t o r of 
research, theoret ical and exper imental , 
n the f ield of sub-nuclear physics. This 

branch of science is concerned wi th the 
undamental quest ions of the basic laws 
IBgœ^HHS^H^Re of matter. CERN 
^^^^^^^^Brld 's leading Labora
tories in this f ie ld. 

The experimental programme is based 
on the use of two proton accelerators — 
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machine, large intersect ing storage rings 
(ISR), for exper iments wi th co l l id ing 

part in the exper iments and it is est i 
mated that some 1200 physicists draw 
their research material f rom CERN. 

The Laboratory is si tuated at Meyrin 
near Geneva in Switzer land. The site 
covers approximately 80 hectares 
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front ier between France and Switzer-
and. The staff totals about 2650 people 
and, in addi t ion, there are over 400 
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Meanwhile... 
...at the synchro-cyclotron 
A report on some features of operation, research 

and development at the CERN 600 MeV 

synchro-cyclotron. 

One was a request for a b igger issue. 
Over the past three years the number of 
pages produced has increased by 63 % 
and 1969 wi l l see a further increase. But 
wi th a given editor ial effort we must be 
careful that further quant i ty does not 
become inversely proport ional to qual i ty. 

The second request was for more ' com
ment'. An effort wi l l be made to increase 
the ratio of comment to factual report ing 
and we hope to introduce more comment, 
under var ious guises, f rom some of the 
senior f igures in the f ie ld. 

By far the highest vote was for 'more 
news f rom other Laborator ies ' . This sect ion 
has been steadi ly increasing in importance 
but, up to now, it has depended largely 
on the Editor 's personal awareness of 
events in other Laborator ies. (It is ap
propr iate to add here a word of apprec ia
t ion for the ful l and immediate response 
that has come to every request for 
information.) Fol lowing the survey, it was 
dec ided to put the 'News f rom abroad ' 
sect ion (now cal led 'Around the Labora
tor ies ' wh ich sounds less remote) on a 
more organized foot ing. Several Labora
tor ies have been contacted in an at tempt 
to f ind in each centre at least one person 
wi l l ing to be a source of informat ion for 
CERN COURIER. The fo l lowing people 
have already kindly agreed to help : 
Argonne National Laboratory T.H. Groves 
Batavia (National Accelerator Laboratory) 

C.W. Larsen 
Brookhaven National Laboratory J . Spiro 
Cambr idge Electron Accelerator 

Wm. A. Shurcl i f f 
Cornel l (Wilson Synchrotron Laboratory) 

K. Berkelman 
Dubna (Joint Institute for Nuclear Research) 

I. B i rukov 
Los Alamos Scient i f ic Laboratory 

W. Regan 
Rutherford Laboratory A.P. Banford 
Saclay G. Neyret 

(with M. Beurtey and M. Thévenet) 
Stanford Linear Accelerator Centre 

J . Sanders 
TRIUMF Project (Canada) E. Au ld 

It is hoped to f inal ize arrangements 
wi th other centres in the near future — 
Berkeley, Bonn, Daresbury, DESY, Fras-
cat i , ICTP, ITEP, Karlsruhe, Novosibirsk, 
Orsay, Pr inceton, Serpukhov, Stanford 
(HEPL), Vi l l igen and Yerevan. 

The synchro-cyclot ron has proved much 
r icher in its research potential than was 
ever ant ic ipated when it was f irst construc
ted. A l though its usefulness in the f ie ld 
of intermediate energy physics (this is 
now legally def ined in the USA as cover
ing the range of energy from 100-1000 
MeV) was obvious at the t ime it was 
completed in 1957, the growing demand 
for use of the machine and the growing 
variety of its research programme was 
never ant ic ipated. One of the major 
reasons for the construct ion of the ma
chine was to serve as a model pr ior to 
the more formidable task of construct ing 
the 28 GeV proton synchrotron. As th ings 
have turned out, it has played as notable 
a role in its f ie ld as the PS has at higher 
energies. 

In recent years, programmes of research 
in nuclear structure physics and in radio-
chemistry have been added to elementary 
part ic le physics and there has been a 
certain amount of work in sol id-state 
physics and in radio-biology. As a bonus, 
the SC has also proved a useful, and 
economica l , source of part ic les to test 
equipment intended for exper iments at 
the PS. During the long 1968 shutdown of 
the PS, for example, there were as many 
as five PS teams at one t ime using the 
SC to prepare their equipment. 

The number of scientists involved in 
exper iments at the synchro-cyclot ron has 
risen to 120. Of these, only 25 are CERN 
Staff, Fel lows or CERN-paid visi tors ; 95 
are based on about 26 Universit ies and 
research centres f rom throughout Europe. 
In 1968 these included Aarhus, Bar i , 
Braunschweig, Caen, Cambr idge, Clermont-
Ferrand, Copenhagen, Darmstadt, ETH 
Zur ich, Gothenburg, Grenoble, Heidelberg, 
Karlsruhe, Lausanne, Louvain, Marburg, 
Modena, Orsay, Oslo, Oxford, Pisa, Ruther
ford , Saclay, Stockholm, Strasbourg, 
Studsvik, Toulouse, Trieste, Turin and 
Uppsala. 

Present operation 

Operat ion of the machine has been 
developed to a high level of rel iabi l i ty. Out 
of the scheduled machine hours in 1968 
less than 5 % were lost due to break
downs and in some months less than 1 % 
were lost. 

The machine is operated on a two week 
cycle - six days physics; one day technical 
development ; six days physics ; one day 
maintenance. The next long shutdown is 
planned for the Autumn of 1969. 

It is usually run to ful l energy and the 
average internal c i rcu lat ing beam is 1 [xA 
(6 x 10 1 2 protons/s). This is produced in 
55 pulses per second which can be t ime-
stretched to (jive an almost cont inuous 
beam f rom the machine if required, so 
that the duty-cycle can be more than 2 0 % . 
The extract ion eff ic iency is inherently 
poor (about 5%) nevertheless 3 to 5 x 10 1 1 

protons/s can be used on external targets. 

(To recall br ief ly the operat ing pr inc ip le 
of a synchro-cyc lot ron wi th parameters of 
the CERN machine in brackets : Protons 
are produced at the centre of a c i rcu lar 
magnet (5 m in diameter) wh ich provides 
a constant magnet ic f ie ld (19 kG). They 
are accelerated by r.f. f ie lds appl ied 
across a gap across a diameter so that 
on each turn in the machine (2 x 10 5 

altogether) they receive two increments 
of energy (3 keV per turn). As the energy 
increases the protons spiral out onto 
larger orbi ts. To take account of the 
increase in mass of the protons as their 
veloci ty approaches that of l ight (80% of 
the veloci ty of l ight at 600 MeV) the 
f requency of the accelerat ing f ields has 
to vary (from 30 to 16.5 MHz). The pro
tons can be used on internal or external 
targets.) 

The CERN machine yields — 

1. Internal ly and external ly produced pion 
beams in the energy range 80 to 300 
MeV wi th maximum pion intensit ies of 
about 10 6 /s. Special pion beams can 
give 10 5 pions per second over a range 
of energies wi th very narrow energy 
spread (the energy spread of the par t i 
cles around the selected energy can 
be as low as 1%). 

2. High puri ty muon beams down a 'muon 
channel ' . Up to 10 5 muons/s in the 
energy range 50 to 200 MeV can be 
achieved. 

3. An external proton beam of 595 MeV 
and intensity f rom 3 to 5 x 10 1 1 pro
tons/s wh ich is taken through a tunnel 
to an underground laboratory for radio-
chemistry work. 
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A double spectrometer used for pion-nucleon 

experiments at the SC. The spectrometer arm 

analyses the scattered particles. 

CERN/PI 138.9.66 

Research programme 

In the history of research at the SC there 
have been many outstanding achievements 
inc luding three important contr ibut ions to 
weak interact ion physics : 

— the discovery of the electron decay of 
the pion wh ich proved exper imental ly 
an important predict ion of the weak 
interact ion theory 

— the f irst exact measurement of the 
decay rate of the posit ive pion into a 
posi t ron, neutr ino and neutral pion 

— the most accurate measurement of the 
capture rate of muons in l iquid and 
gaseous hydrogen 

The first precis ion measurement of the 
magnet ic moment of the muon (recently 
carr ied further in an exper iment on the 
PS) wh ich extended the range over wh ich 
e lect romagnet ic theory is known to hold 
good, was also made at the SC. 

The current programme can be con
s idered under several headings and a few 
exper iments are selected as examples. 

1) Nuclear Structure 

Several methods of investigating the 
structure of nuclei have been used in 
exper iments on the SC — they include 
invest igat ion of nuclear energy levels, of 
part ic le groupings in the nucleus and of 
nuclear shape. 

Pion beams wi th precisely determined 
energy are used by an Orsay team headed 
by R. Meunier, M. Spighel and J.P. Stroot, 
for pion scat ter ing measurements on a 
range of nucle i . Investigation of p ion-
nuclear scat ter ing, as opposed to nuc leon-
nuclear scat ter ing provides another v iew 
of nuclear matter. A related investigat ion 
with posit ive pion beams onto l ight nuclei 
is being carr ied out by an Oxford team 
headed by N. Tanner and J . Domingo. The 
beta and gamma rays emit ted as the 
nuclei return to their normal state after 
being exci ted by the pions are another 
way of invest igat ing energy levels. 

Several exper iments have investigated 
part ic le groupings in the nucleus using 
pion beams. The pion is effectively ab
sorbed by the nucleus and can interact 

wi th an individual part ic le grouping such 
as a strongly bound proton and neutron 
leading to t h e e ject ion of two protons. 
Add ing the energy of pairs of emerging 
protons gives informat ion on the internal 
group ing. This part icular exper iment was 
done by a CERN team led by G. Charpak 
and C. Zupanc ic . An analogous exper iment 
leading to two emerg ing neutrons was 
per formed by a team from Trieste under 
C. Cernegoi . 

Investigat ions of pi-mesic and mu-mesic 
X-rays have been a very frui t ful source 
of informat ion on nuclear radii and related 
topics. A CERN-Heidelberg-Kar lsruhe team 
led by G. Backenstoss and H. Daniel have 
achieved important results using this 
method inc luding some of the best avai la
ble data on nuclear charge radi i . Negative 
muons and pions can be captured by a 
nucleus in a s imi lar way to electrons and 
can cascade through a series of orbi ts 
(energy levels) c lose to (and passing 
through) the nucleus emit t ing X-rays as 
they move to lower energy orbi ts, whose 
energies can be measured. (The new 
l i th ium-dr i f ted germanium detectors make 
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Part of ISOLDE — Isotope Separator On-Line. 

At the control desk the proton beam from the 

SC can be monitored and the performance of 

the target and separator controlled. The ion 

beam containing the isotopes enters through the 

wall and is analysed in the magnet. One of the 

analysed beams can then be transported to the 

detectors — the ions are transmitted w.'th close 

to 100 % efficiency. At the end of the pipe, on 

the right, is a tape system for collecting the 

isotopes (the tape spool containers can be 

distinguished). The isotopes become embedded 

in the tape and detectors can be brought to 

the tape for measurements (an electron detector, 

above, and a gamma detector, below, can be 

CERN/PI 315.10.68 

very precise measurements possible.) A 
variety of nuclei ,have been s tud ied. 

A related development is the study of 
the exci tat ion of nuclear energy levels 
and of muon capture on exci ted nucle i . 
Experiments in this f ie ld have been 
performed by teams from Darmstadt and 
Louvain. 

2) Radio-chemistry 

This research received a great boost wi th 
the coming into operat ion of ISOLDE — 
Isotope Separator On-Line (descr ibed ful ly 
in CERN COURIER vol . 7, page 23). The 
ISOLDE col laborat ion involves scient ists 
f rom Aarhus, Braunschweig, Copenhagen, 
CERN, Gothenburg, Heidelberg, Orsay, 
Oslo, Stockholm, Strasbourg and Studsvik. 

An ejected proton beam f rom the SC is 
taken to an underground laboratory (which 
serves to shield the high radiat ion levels) 
and di rected onto a target wh ich can be 
one of a variety of elements. The isotopes 
of the element wh ich are produced can be 
rapidly separated and measured using a 
sequence of techniques 'on- l ine' . This has 
enabled very short- l ived isotopes to be 
ident i f ied and measured ; ISOLDE has 

brought into position). A system is being 

developed to make it possible to switch the ion 

beam to three users. This will increase the 

number of experiments which can be performed 

simultaneously with ISOLDE. 

made it possible to investigate isotopes 
wi th l i fe-t imes measured in seconds rather 
than minutes. 

Since ISOLDE came into operat ion 
towards the end of 1967 isotopes of radon, 
mercury, xenon, antimony, t in , cadmium, 
krypton and argon have been produced 
and measured and seventeen isotopes 
have been observed for the f irst t ime. 
These exper iments are explor ing new 
areas of the map of nucl ides giving more 
informat ion on nuclear decay propert ies. 

3) Elementary particle physics 
The beams avai lable from the SC are 
sui table for the exper iments on pion and 
muon interact ions as can be seen f rom 
the examples of research at the SC ci ted 
at the beginning of this sect ion. 

Present work includes a remeasurement 
of p ion-nucleon cross-sect ions in the 
energy range corresponding to the produc
t ion of the N* (3/2) resonance. This invest i
gat ion was started by a Modena-Bar i team 
headed by P. Waloschek. A Cambr idge-
Rutherford team headed by D. Bugg is 
taking advantage of the high qual i ty beams 
now avai lable at the SC to make a very 

thorough survey of this region. Another 
facet of p ion-nucleon interact ions is 
radiat ive capture and charge exchange of 
negative pions on protons. This is being 
examined by a CERN-Lausanne team. 

Studies of pion product ion with 600 
MeV protons on var ious nuclei is relevant 
to elementary part ic le physics and to 
nuclear st ructure. CERN-Geneva and 
CERN-Grenoble teams have contr ibuted 
to these studies which have also provided 
useful informat ion for the design of beams 
from the SC. 

The need for improvement 

For several years (see, for example, CERN 
COURIER vol . 6, page 30) a lot of thought 
and pract ical invest igat ion has been given 
to the possibi l i ty of improving the per
formance of the synchro-cyc lot ron by 
produc ing more intense beams. This has 
the double purpose of meeting the increas
ing demand for use of the machine and 
of extending the scope of its research. 

A recent invest igat ion has indicated that 
over the next two or three years, requests 
for machine t ime wi l l rise by about 2 0 % . 
Higher beam intensity wi l l make it possible 
to shorten the t ime involved in an exper i 
ment or to extend beam-shar ing. It wi l l 
also make possible a wide variety of 
exper iments wh ich are not feasible wi th 
the exist ing beam intensity (in a report 
ent i t led 'Physicists Comments on the SC 
Improvement Programme' some twenty 
team leaders have indicated research 
top ics they could undertake given higher 
beam intensit ies). An improved SC wi l l 
ensure that European physicists cont inue 
to have a f i rst-rate machine avai lable for 
physics at intermediate energy, part icular ly 
in the early 1970s. 

This last point can be appreciated by 
looking at the faci l i t ies wh ich wi l l be 
avai lable in the wor ld in a few years t ime. 

In North America : 

The synchro-cyc lo t ron at Columbia (CERN 
COURIER vo l . 8, page 313) is being 
improved to have a 5 to 50 ^iA internal 
beam at 600 MeV coming into operat ion 
about 1970. Other synchro-cyc lot rons at 
Berkeley and SREL wi l l st i l l be in opera
t ion and improvement programmes are 

5 



being d iscussed. (The Carnegie and 
Chicago machines are l ikely to close 
down.) A sector- focused cyc lot ron at In
diana wi l l have 10-100 j iA internal current 
at 80-230 MeV. The novel sector- focused 
cyc lot ron TRIUMF in Canada (CERN 
COURIER vol . 8, page 136) accelerat ing 
negative hydrogen ions to y ie ld pion in
tensit ies up to 10 8/s is expected to be 
in operat ion in 1974. Linear machines for 
220-440 MeV electrons at MIT and the 
mighty LAMPF at Los Alamos wi th 800 
MeV proton beams wi l l also contr ibute to 
physics at intermediate energy. 

In the Soviet Union : 

A 1000 MeV synchro-cyc lot ron a tGatch ina , 
South of Leningrad, came into operat ion 
in November 1967 and the very successfu l 
680 MeV synchro-cyclot ron at Dubna is 
l ikely to have a series of improvements 
carr ied out by 1973. 

In Western Europe : 

Linear accelerators for e lectrons and 
posi t rons in operat ion at Saclay (140-600 
MeV) and Frascati (450 MeV) wi l l be used 
for pion and muon product ion. The 520 
MeV sector- focused cyclot ron at Zur ich 
is scheduled to come into operat ion in 
1973, r ising to ful l intensity (100 [iA) and 
ut i l izat ion in 1975. 

It can be seen that, especial ly through 
to the t ime when the Zur ich machine is 
in operat ion, the European potential wou ld 
be weak wi thout development of the 
CERN SC to extend its product ive l i fe. 

The aim of the SC improvement pro
gramme is to increase the internal beam 
intensity f rom 1 to 10 \iA and to improve 
the eff ic iency of beam extract ion. This 

ef f ic iency is important not only to produce 
higher beam intensit ies for certain exper i 
ments but also to reduce the radiat ion 
problems in the machine which wi l l be 
aggravated by the higher beam current. 
In fact, because of the radiat ion problem, 
it is not reasonable to plan for currents 
higher than 10 [iA. 

The Improvement Programme 

Item I is to replace the exist ing co ld 
cathode Penning-type ion source by a 
hot-cathode hooded-arc source. The exist
ing type feeds a plasma into the centre 
of the machine from which protons can 
be captured and accelerated. It suffers 
f rom the disadvantage of low ef f ic iency 
and also results in a proton beam of poor 
qual i ty which is the major cause of the 
low extract ion ef f ic iencies. The new type 
of source projects l ike a very thin pi l lar 
(about 6 mm in diameter) into the centre 
of the machine and protons emerge f rom 
a thin slit on the median plane. The beam 
qual i ty f rom such a source is great ly 
improved and extract ion eff ic iencies of up 
to 50 % may be possible. 

Adopt ion of the new source involves 
modi f icat ions to the Dee structure at the 
centre of the machine (CERN COURIER 
vol . 6, page 32). The protons need to 
exper ience higher accelerat ing f ie lds than 
at present at the centre of the machine 
so that their f irst orbit takes them away 
f rom the source. The voltage appl ied to 
the Dee at the beginning of the cycle 
wi l l be increased from the present 5 kV 
to about 30 kV. 

Considerable development work at 
CERN has gone into perfect ing this new 
type of source inc luding a lot of progress 

A diagram of the new type of ion source 

(hot-cathode, hooded-arc) which will be installed 

on the SC. This source will result in the 

acceleration of a beam of much better quality 

with which much higher extraction efficiencies 

will be possible. 

in f i lament design to produce f i laments 
wi th suff ic ient ly long l i fe-t imes. At the 
same t ime a smal l (15 MeV) synchro
cyc lo t ron, known as the 'central region 
model ' , has been buil t and operated. It 
has served to invest igate the complex 
beam behaviour in the electr ic and ma
gnet ic f ie lds at the centre of a synchro
cyc lot ron where it is known that most 
beam loss occurs . 

In itself the new source wi l l not result 
in much higher intensity per pulse, though, 
as ment ioned above, it wi l l produce a bet
ter beam and higher extract ion eff ic iency. 
The increase in intensity per second wi l l 
come f rom an increase in repet i t ion rate 
of the machine f rom 55 Hz up to 600 Hz. 
This requires the instal lat ion of a new 
r.f. system. 

The present r.f. system is based on 
the use of a mechanica l v ibrat ing 
capaci tor — a huge tuning fork vibrates 
at 55 Hz (the repet i t ion rate of the ma
chine) and varying the distance between 
the prongs achieves the desired f requency 
modulat ion (from 30 MHz to 16.6 MHz) of 
the vol tage appl ied to the Dee. Each 
'p rong ' is 2m broad, 55 cm long, separated 
by a gap of 9 cm wi th a v ibrat ion ampl i 
tude of 2 to 5 cm. These f igures are near 
to the l imit of what is technological ly 
possible wi th such a system. The tuning 
fork method cannot be used for repeti t ion 
rates as high as 600 Hz. 

A system based on the use of a 
mechanical rotat ing condenser has there
fore been studied at CERN. The rotat ing 
condenser is not wi thout its technolog ica l 
problems and several 1/5 scale models 
have been buil t to f ix parameters and to 
test mechanica l and electr ical features 
of the design. Calculat ions on the ex
pected f requency swing and f ield strength 
have been checked . A model is being 
constructed on a test bed at CERN to 
examine electr ical and mechanical stresses. 

The new r.f. system wi l l be manufactured 
by AEG-Telefunken (Federal Republ ic of 
Germany) at a cost of just under 5 Mi l l ion 
Swiss Francs. 

It is intended to install the new equip
ment at the synchro-cyc lo t ron early in 
1971. The machine wi l l then be able to 
cont inue to play a major part in physics 
at intermediate energy for many years to 
come. 
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CERN News A drawing of two typical traces received 

from the beam current transformers monitoring 

the energy of the linac. 

Three-fold symmetry has been restored to the 

oil storage tanks supplying the power house. 

To cater for the increasing consumption, the 

two tanks on the left, (first insta'led in 1956) 

have been increased in capacity from 500 m3 

to 750 m 3 and they now match their partner on 

the right which was installed in 1963. The 

increase in capacity has been achieved by 

raising the tanks ten metres ; this has been 

done by jacking them up and welding on new, 

thicker sections at the base. 

At the PS 
Linac beam monitoring 

Since 1 November, the l inac has been 
equipped with an on-l ine system to observe 
the energy spread in the 50 MeV beam 
fed to the proton synchrot ron. The PS 
can accept part ic les wi th in a spread of 
about ± 150 keV and it is obviously 
desirable to maximize the beam current 
lying within this energy spread. 

The beam is measured f irst as it passes 
through a beam current t ransformer (BM 
46), it then passes through a tr ip let , 
bending magnet and slit, wh ich do 
momentum select ion, and is remeasured 
by a beam current t ransformer (BM 48). 
The diagram shows the two measurements 
as they appear on an osc i l loscope. The 
di f ference in the two signals shows the 
number of protons wi th energies outs ide 
the desired range. It is also easy to see 
f rom these traces, for example, at what 
t ime dur ing the pulse the beam is poor. 
T h e linac controls can then be adjusted 
to bring the beam to an opt imum. 

The system has proved very useful. It 
enables the l inac to be set up much more 
easily than previously and also gives the 
machine operators a rapid and easily 
assimi lated picture of how the l inac is 
per forming. 

A beam in minutes 

On 12 December, a fast e jected proton 
beam from the PS was 'set-up' through a 
complex beam transport system 140 m 
long and focused to a 1 mm spot on a 
target in a total t ime of seven minutes. 
The beam is usually operated at a 
momentum around 20 GeV/c feeding the 
south-east area (where the latest neutr ino 
exper iments took place) wi th a secondary 
beam (k11) produced from the target. The 
required beam intensity at the target is 
10 1 1 protons/pulse. From 23 January, the 
k11 beam has been supply ing kaons to 
the 1.2 m heavy l iquid chamber. 

The beam transfer l ine f rom the PS 
contains twenty pulsed lenses and bend
ing magnets (nine quadrupoles, f ive main 
bending magnets, three vert ical and three 
horizontal correct ing magnets). By pulsing 
the magnets there are savings in power, 
in cool ing water and in magnet sizes. A 

glass vacuum tube with a minimum d iame
ter of 34 mm runs through the magnets. 

The very short sett ing up t ime was due 
mainly to good knowledge (from the pre
vious neutr ino run) of the init ial parameters 
of the beam which emerges from the PS. 
This knowledge made it possible to ca lcu
late very precisely, in advance, the 
required f ie lds for the transport magnets. 
The calculated sett ings proved so accurate 
that f inal manual adjustment when the 
beam was d i rected along the channel (the 
beam was moni tored, for example, by nine 
scint i l lat ion screens observed by television 
cameras) could be made very easily in 
minutes. 

The beam was designed and brought 
into operat ion by the pulsed beam trans
port group led by B. Langeseth. This 
group is current ly engaged on the design 
of beams for the heavy l iquid bubble 
chamber, Gargamel le, at CERN, and on 
an ejected proton beam-l ine for Serpukhov 
which wi l l supply part icles to the hydrogen 
bubble chamber, Mirabel le. Contracts 
have already been placed for the com
ponents of the Serpukhov beam-l ine. The 
beam-l ine for Gargamel le wi l l be set up 
about the end of this year and wi l l use 
many of the components current ly in use 
to feed the 1.2 m heavy l iquid chamber. 

Highest momentum kaon beam 

In January the 2m hydrogen bubble cham
ber received the highest momentum posi 
t ive kaon beam ever produced. The u5 
beam in the East Hall was used in a 
clever way with two r.f. separators to 
achieve a kaon momentum of 16 GeV/c. 
(The previous record of 12.7 GeV/c was 
at the Brookhaven AGS.) Operat ion at 

this high momentum has been made 
feasible by the successful complet ion of 
the first stage of the PS improvement 
programme wh ich enables the PS to be 
run at high energy and repeti t ion rate. 

The work on the beam was led by P. 
Lazeyras, H. Lengeler and F. Grant. It 
has already served to take almost 200 000 
pictures in a week for a Bi rmingham, Brus
sels, CERN, Institut de Physique Nucléaire 
(Paris), Saclay co l laborat ion. 

The col laborat ion is extending its s tu
dy of resonance product ion in quasi two-
body interact ions to higher energies. The 
purpose is to d iscr iminate between several 
theoret ical predict ions ( including, for 
example predict ions based on the Regge 
pole model) . The cross-sect ion of some 
interact ions seems to be vir tual ly indepen
dent of energy whi le others fal l off wi th 
increasing energy. On the latest p ictures 
it should therefore be easier to separate 
dif ferent k inds of interact ion. 

T h e pr inc ip les of r.f. separat ion were 
explained in CERN COURIER vol . 7, page 
125 and vol . 7, page 252. Using two 
cavit ies in the normal mode of operat ion 
one type of part ic les can be separated 
f rom two others only in certain smal l 
momentum ranges. Using three cavit ies 
the range can be wide and almost cont inu
ous, but, for momenta near 16 GeV/c, 
a l though protons and posit ive pions are 
wel l f i l tered out, a fair ly high background 
of posit ive muons remains in a posit ive 
kaon beam. Going back to two cavit ies 
and sl ight ly defocusing the pions and 
protons (using a larger beam stop to 
co l lect them) it was found that a c lean 
kaon beam could be achieved, wi th a 
proton contaminat ion of less than 4 % . 
There are about ten kaons per picture. 



Part of the equipment for the boson missing-

mass spectrometer experiment. On the left is 

the small horizontal cylinder, 30 cm long, which 

contains the target liquid hydrogen. It is cooled 

by liquid helium ; the refrigeration equipment is 

above the target. Two of the digitized wide-gap 

wire chambers are positioned close to the 

target. Note a few constructional details : The 

horizontal bars at the top of the chambers 

contain the magnetostrictive wires ; small 

isolating transformers make it possible to tap 

signals from the wire planes some of which 

are at 60 kV. Thin rods can be seen protruding 

horizontally at the centre of the chambers ; 

these carry air-filled mylar boxes (beam-killers) 

which receive direct beam particles so that 

these particles do not cause sparks. 

Sparks can be seen in the chambers. Several 

are detected simultaneously and the detection 

efficiency is very high (in the photograph, each 

gap sees each particle trajectory — there is no 

case where a gap misses a particle). The sparks 

follow the particle trajectories, which is a 

feature of wide-gap chambers ; less wire planes 

are thus needed to give full information. 

In the picture, two triggers are super-imposed 

and any interested reader may amuse himself 

tracing the sparks back to two vertices quite 

cleanly determined in the target, plus one beam 

track (parallel to the target cylinder). 

The graph illustrates the regularity of the 

squares of the boson masses b, A2,R,S,T,U, 

which were covered in the missing-mass 

spectrometer experiment (region ,(J)J. The mass 

squared is plotted along the x-axis and the 

peak number on the y-axis. Region (2) is now 

being investigated by the boson spectrometer 

up to a mass squared value of about 16 GeV2. 

Region (3) which extends to a mass-squared 

value of about 64 GeV2 could be covered later at 

Serpukhov in collaboration with Soviet scientists. 

Going up 
The very successful missing mass spec
t rometer experiment is extending its 
search for negative bosons up to masses 
of 4.5 GeV with its detect ion equipment 
newly installed on a high momentum pion 
beam in the East experimental hal l . 

The story so far : In 1964 a team led 
by B. Magl ic f irst appl ied the missing-
mass spectrometer technique to look for 
non-strange, charged bosons. Within about 
two and a half years seven new part ic les 
were found. It was shown that the squares 
of boson masses seem to lie neatly on 
a straight l ine. (See CERN COURIER vol . 
7, page 31.) In addi t ion, the spl i t t ing of the 
A2 part ic le into two peaks which seem 
to have ident ical character ist ics apart 
f rom a di f ference in mass — 1278 MeV 
and 1318 MeV — was demonstrated. 

The missing-mass group (at that t ime a 
Bern, CERN, Geneva col laborat ion) dec i 
ded to cont inue the exper iment looking 
for part ic les of higher mass (the highest 
mass part ic le f rom the first exper iment 
was the U part ic le with mass 2383 MeV). 
They changed the detect ion equipment 
and the experimental method and carr ied 
out a prel iminary run in the South exper i 
mental hall last year. (CERN COURIER 
vol . 7, page 219.) This run served to test 
the equipment and method and also 
reproduced the A2 spl i t t ing. 

The equipment and the method worked 
wel l and the exper iment has now moved 
to a higher momentum pion beam avai lable 
in the East hal l . Bern has left the co l labo
rat ion and Munich (Sektion Physik) has 
jo ined. The team leader is W. Kienzle. 

The interact ion under invest igat ion is 
JTf + p->p + X~ 

where X~ represents a heavy boson. 
Measur ing the momentum of the incoming 
pion and identi fying the recoil proton and 
measuring its momentum makes it pos
sible to calculate the 'missing mass' of 
the recoi l proton which is the mass of 
the boson. The missing-mass spectrum 
consists of a smooth background with 
peaks at those values corresponding to 
a boson mass. 

A pion beam (p5) of precisely selected 
momentum, drawn from the slow ejected 
proton beam (e5), is d i rected onto a 
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hydrogen target (a new type of hel ium 
cooled target developed in the group of 
L. Mazzone is being used and is work ing 
perfect ly). The result ing recoil proton in 
the forward d i rect ion is detected and its 
momentum measured by an array of d ig i t i 
zed wide-gap wi re chambers and a large 
bending magnet. The chambers imme
diately fo l lowing the target also detect 
the decay products of the boson. The 
resolut ion of the detect ion system is 
± 10 MeV. 

Sett ing the momentum of the incoming 
pion beam effectively enables the detec

t ion system to search a certain mass 
range. For example, the experiment is 
current ly using a pion beam of momentum 
9 GeV/c and this can yield any missing 
mass in the range 2.4 to 2.9 GeV. As the 
exper iment proceeds the incoming pion 
momentum wi l l be increased as high as 
15 GeV/c so as to sweep the missing 
mass range up to 4.5 GeV boson mass. 
Higher values are not possible at the 
CERN proton synchrotron but the exper i 
ment may be cont inued later as a CERN-
Serpukhov col laborat ion at the 76 GeV 
machine in the Soviet Union. 
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Conferences at CERN 
A major conference was held at CERN on 
14-17 January. Enti t led 'Topical Con
ference on Weak Interact ions' it was 
at tended by 150 scient ists f rom other 
Laborator ies in addi t ion to CERN sc ien
t ists. It is hoped to present a report on 
the conference in the next issue. 

Just pr ior to the weak interact ion con
ference on 13-14 January, a 'Neutr ino 
Meet ing ' was held br inging together physi 
cists involved in neutr ino exper iments, 

inc luding over 40 physicists f rom outs ide 
CERN. Recent results from research at 
accelerators and on cosmic and solar 
neutr inos were discussed and the future 
plans of several Laborator ies were de
scr ibed. Three topics from the meet ing 
(the coming into operat ion of a 7 foot 
bubble chamber at Brookhaven and the 
plans of Serpukhov and Batavia) are 
covered on pages 12-14. A descr ip t ion of 
the large hydrogen chamber at Argonne, 
wh ich wi l l be used for neutr ino exper i 
ments, wi l l appear in the next issue. 

Watching the proton beam, from injection 
through to targetting at high energy, with 
an 'ionization beam scanner' (IBS) in the 
CERN synchrotron. The scanner is 
believed to be the first working device 
to view the size and position of a proton 
beam in a strong focusing machine. 
(Similar devices, using different operating 
principles, have already operated on the 
Zero Gradient ^Synchrotron at Argonne 
where the spatial resolution requirements 
are less stringent.) 

The beam is scanned every 5 ms (there 
is a 5 ms interval between each trace 
recorded on the oscilloscope) and the 
limits of the scan correspond to the sides 
of the vacuum chamber (beginning on 
the left at the outside wall of the chamber 
scanning about 15 cm across the 
chamber to the inside wall). 

Notice the effects on the beam of the 
various machine operations indicated. 
The position of the hump indicates 
where the beam is travelling in the 
vacuum chamber, its area corresponds 
to the beam intensity, and its width to 
the width of the beam. 

The ionization beam scanner operates 
by taking a signal from the electrons 
liberated when the proton beam ionizes 
the residual gas in the vacuum chamber. 
The number of electrons produced in this 
way is proportional to the intensity of 
the proton beam passing through the 
scanner and, of course, the position 
where the electrons are produced is the 
position at which the proton beam passes. 

Using electric and magnetic fields 
these electrons are brought to a 
collector where they give a signal which 
is amplified and passed to recording 
devices. The collector is held at earth 
potential and the electric field is varied 
in such a way that the earth equipotential 
(around which the electrons spiral to 
reach the collector) moves across the 
vacuum chamber. In this way, electrons 
produced at different positions across 
the vacuum chamber can be picked out 
separately (to an accuracy of 1 to 2 mm). 

The ionization beam scanner was 
developed at CERN particularly by 
CD. Johnson and L. Thorndahl. 
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3. 

The nerve centre of the proton synchrot ron 
is the Main Control Room (MCR) si tuated 
on the first f loor in the South Exper imental 
Hal l . It is a low, dimly- l i t room (so that 
osc i l loscope traces can be easily ob
served) in wh ich the atmosphere is often 
tense (especial ly when there is a machine 
breakdown !). Here the operators engage 
in a constant batt le against beam blow-up, 
resonances and other phenomena wh ich 
threaten the life of the beam. 

The aims are to squeeze as many pro
tons as possible f rom the machine and 
to make maximum use of them — an 
equal ly di f f icul t task. The ski l l of the ma
chine operators in achieving these aims 
contr ibutes s igni f icant ly to the qual i ty of 
the exper imental results. 

What fo l lows is a short gu ided tour of 
the MCR. Some of the control panels are 
shown in the photographs ; a l together 
there are nearly 30 osc i l loscopes, 12 
c losed-c i rcu i t television screens, and more 
than a thousand pi lot lamps. The units 
are grouped as fo l lows : 
Main desk (photo 4) 
P3 : radiat ion protect ion. Control of access-

points to the r ing. Safety c i rcu i ts for 
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contro l l ing access to secondary and 
ejected beam areas. 

S : concentrat ion of essential operat ion 
informat ion. The lower sect ion carr ies 
the means of communicat ion (tele
phones, intercom, loudspeaker) wi th 
the satel l i te control centres — linac 
control room, magnet power supply 
control room, experimenters, etc... 
On the left are a group of thir ty warn
ing indicators — hydrogen alarms, 
f ive dials showing the l inac beam 
intensity at various points. The next 
panel shows the number of protons 
per pulse, the radial posit ion of the 
beam in the vacuum vessel. Below 
is a screen which can display one 
of many measurements made by the 
control computer (IBM 1800). 
On the next panel there are monitors 
of the magnet cycle, three dials show
ing any f luctuat ion in the mains 
supply, and a general programming 
keyboard to control the sequence of 
operat ion accord ing to the way in 
wh ich the protons are to be used. 
The next panel records on tape the 
l inac intensity, the number of protons 

accelerated per pulse and the mains 
vol tage measured at various points. 

T : d isplay on a screen of machine data 
co l lected by the computer (these 
data are also pr inted out by the 
teletype below). 

Linac, Injection, Magnet Settings (photo 1) 

A : l inac contro l — the panel in the 
corner presents informat ion f rom beam 
observat ion stat ions and has an osc i l 
loscope permanent ly d isplaying radial 
and vert ical posi t ions of the beam. 

B : in ject ion contro l — magnet correct ion 
and lens adjustment for in ject ion, and 
measurements provided by beam cur
rent t ransformers. On the right, an 
osc i l loscope shows a longitudinal 
cross-sect ion of the proton bunches. 

C : p rogramming and measurement of the 
currents in the PS magnets ; d ipoles, 
quadrupoles, sextupoles, correct ing 
coi ls, e t c . ) . 

Safety, Beam Measurement (photo 2) 
P2 : safety system for the access doors to 

the ring and emergency beam-off 
devices (small synopt ic d iagram). 

D : measurements on accelerated beam -
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observat ion stat ions, mean radiai 
posi t ion, t iming related to the r.f. 
f requency. 

Ejection (photo 3) 

H : contro l and measurement of e jec t ion 
(magnet suppl ies, t im ing , e t c . ) . The 
posi t ion of the e jected beam can be 
observed on the screen in the th i rd 
panel f rom the left. 

Beam Losses, Beam Transport (photo 5) 
J : system for detect ing beam losses in 

the r ing. 
K : e jected beam contro ls w i th fac i l i t ies 

for c losed c i rcui t TV observat ion of 
the beam posi t ion on sc int i l la t ion 
screens at var ious points a long the 
beam-l ines. 

L : other e jected beam moni tors ; meas
urement of e ject ion ef f ic iency. On the 
right are radiat ion level ind icators for 
the East Hal l . 

Miscellaneous Equipment (photo 6) 
S : general operat ion moni tors (above the 

te lephone). At the top is a d isp lay of 
the number of protons acce lera ted 
per pulse. 
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I : cont ro ls for the fu l l -aper ture k icker. 
N : s ignal f rom the beam scanner (IBS). 

O : system for obta in ing d ig i ta l data 
(SEN). Some f i f ty parameters or thei r 
average over a certa in number of 
cyc les can be pr inted out. 

Internal Targets ; Beam Utilization 
(photo 7) 

F : moni tor ing beam ut i l izat ion on internal 
targets (posi t ion ing of targets for each 
cyc le, measurement of posi t ion, c o n 
trol of beam spi l l ) . 

M : centra l p rogramming system for al l 
uses of the beam — targets, e jec t ion, 
etc... 

Hidden Panels 

P1 : t rans is tor ized logic c i rcu i ts for the PS 
and e jec t ion safety systems. 

Q : systems under development for 
measur ing the beam intensity and for 
feeding th is data to the IBM 1800. 

G : cont ro ls for fast k icker 97. 
E : t im ing system. Dist r ibut ion of pulses 

related to the main magnet ic f ie ld and 
the rotat ion speed in the main magnet 
power supply. T iming measurements. 
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Around the Laboratories A cross-section drawing of the 7 foot hydrogen 

bubble chamber. Note that the superconducting 

magnet coils are not sketched in on this drawing. 

They sit in the helium dewar above and below 

the position of the beam windows. The common 

vacuum tank for the chamber and the helium 

dewar is 3.2 m in diameter and 5.5 m high, 

serving also as a protective enclosure 

in case of component failure. 

Aerial photograph, taken in November 1968, of the 

equipment being installed for the neutrino 

experiment at the Brookhaven AGS using the 7 

foot hydrogen bubble chamber. The small map 

indicates : 

Brookhaven 
7 foot model 
The first operat ion of a hydrogen bubble 
chamber in a neutr ino beam wi l l take 
p lace soon at the Brookhaven Al ternat ing 
Gradient Synchrotron. The bubble cham
ber is known as the 7 foot model and 
despi te its imposing size earns the modest 
t i t le of 'model ' because it was init ial ly 
intended to test var ious features of a 
proposed 14 foot chamber. 

As far back at 1964, large volume hydro
gen chambers were designed at Brook
haven but no funds were made avai lable 
for construct ion of anything on the scale 
of the large European bubble chamber 
being built for CERN (see CERN COURIER 
vol . 7, page 143). It was dec ided in 1966 
to start the 7 foot chamber for research 
and development test ing of new concepts 
involved in the new generat ion of cham
bers such as the use of w ide angle 
f ish-eye w indow opt ics, superconduct ing 
magnets and plastic components in 
expansion systems. It was later dec ided , 
s ince f inance for a larger chamber had 
sti l l not appeared over the hor izon, to 
use the model in a neutr ino exper iment 
whi le at the same t ime cont inu ing the 
technica l research. 

A cross-sect ion of the model can be 
seen in the f igure the scale being set by 
the 7 foot (213.5 cm) internal d iameter of 
the chamber vessel. The design has much 
in common wi th that of the large European 
chamber. The vessel has a total vo lume 
of 9400 litres and is constructed of s ta in
less steel . The inner surface is covered 
wi th 'Scotchl i te ' retro-direct ive coat ing. 
Three camera ports are located on top of 
the chamber, each camera looking through 
three spher ical w indows wh ich serve to 
conta in the l iquid hydrogen, to provide 
thermal radiat ion shie ld ing and to seal the 
vacuum tank. The l ight sources to i l lumi
nate the bubbles are located close to the 
lenses so that the Scotchl i te ef f ic ient ly 
returns l ight to the cameras and the 
bubbles appear as dark spots on a br ight 
background (br ight- f ie ld i l luminat ion). 

The expansion system is located at the 
bot tom of the chamber and involves several 

novel ideas such as the use of a glass-
f ibre reinforced plastic for the 42 inch 
(107 cm) d iameter expansion piston. The 
piston moves about 10 cm in 25 ms to 
give a 1 % expansion. It is dr iven by a 
fast response hydraul ic unit wh ich wi l l 
a l low mult ip le pulsing dur ing a single 
accelerator pulse (see CERN COURIER 
vol . 8, page 312). For the neutr ino exper i 
ment, the ful l beam intensity wi l l be used 
to produce each burst of neutr inos to the 
chamber and mult ip le pulsing wi l l there
fore not be used. 

Superconducting magnet 

A vital feature of the new chambers is 
the use of superconduct ing magnets to 
produce the magnet ic f ie lds. In the model 
a composi te superconductor is used, wi th 
six n iobium-t i tan ium f i laments embedded 
in a r ibbon of h igh conduct iv i ty copper, 
to give a f ie ld of 30 kG at the centre of 
the chamber. The r fcbon is 5 cm wide and 
2 mm th ick and wi l l carry a current of 
6000 A. There is no iron yoke, wh ich has 
given greater f lex ib i l i ty in the design and 

12 



1. Direction of protons in the accelerator 

2. Direction of the fast ejected proton beam 

3. Concrete shielding house for magnetic finger 

focusing device and target 

4. Power supply houses 

5. Large gantry crane used for installing shielding 

6. 12 000 ton iron shielding 38 m long 

7. Large hydrogen and deuterium dewars 

8. Hydraulic power supply trailer for chamber 

expansion system 

9. Building for helium equipment needed for 

superconducting magnet 

10. Vacuum pump trailers 

11. Control trailer 

12. Building housing 7 foot bubble chamber. 

(Photos Brookhaven) 

has reduced the cost. L iquid hel ium f rom 
a 240 W hel ium refr igerator- l iqui f ier wi l l 
maintain the superconductor at a tempera
ture of about 4.8° K. Further parameters 
of the coi ls are as fo l lows : 

Number of double pancakes 

in two coi l halves 16 
Total number of layers 32 
Number of turns per layer 45 
Ampere turns 8.64 x 10 6 

Maximum central f ie ld 30 kG 
Maximum f ield at coi l 40 kG 
Distance between top and bot tom 

half 34 cm 
Coil inside diameter 244 cm 
Coil outside diameter 280 cm 
Total length of conductor 12.2 km 
Total weight of coi ls 14 515 kg 

The coi ls were powered to 3500 A in 
May 1968 and fo l lowing th is f irst test 
several changes have been incorporated 
to ensure that ful l power can now be 
achieved. 

The layout of the neutr ino beam-l ine 
the bubble chamber and associated equ ip
ment is shown in the photograph. Coo l -
down of the chamber is scheduled to start 
this month (January) fo l lowed by operat ion 
of the magnet as soon as t racks have 
been photographed. 

The neutr ino exper iment wi l l use deute
r ium in the bubble chamber. It is intended 
to take one mi l l ion pictures and about 
2000 events are ant ic ipated wi th the 
present AGS intensity of 2 x 10 1 2 protons 
per pulse and an improved three element 
magnet ic ' f inger' focusing device wh ich 
wi l l aim the neutr ino parent part ic les at 
the chamber. It is hoped to take several 
hundred thousand pictures pr ior to a f ive 

month shutdown of the AGS which is 
scheduled to start in June. 

In addi t ion to their pr imary purpose 
of contr ibut ing important new informat ion 
to the understanding of the weak interac
t ion (see CERN COURIER vol . 6, page 211) 
these pictures wi l l be of interest to the 
bubble chamber special ist s ince they wi l l 
reveal what accuracy in the measurement 
of t rack posit ions can be achieved when 
photographing through long distances of 
l iquid hydrogen. With the advent of h igher 
energy machines measurement accuracy 
becomes sti l l more important and the 
results f rom Brookhaven are therefore 
awaited wi th considerable interest. 

Batavia 
Neutrino plans 
Plans for neutr ino exper iments at the 
National Accelerator Laboratory wi th the 
USA 200 GeV accelerator took shape at 
the 1968 Aspen Summer Study on the 
exper imental programme for the new ma
chine. The general consensus was that 
a neutr ino programme should be based on 
a hydrogen bubble chamber of about 
100 m 3 vo lume. Toward this goal , in May 
1968, the National Accelerator Laboratory 
and Brookhaven National Laboratory had 
agreed to col laborate in the construct ion 
of a 25 foot hydrogen bubble chamber. 
BNL wi l l be responsible for the detai led 
design and construct ion of the chamber 
whi le the parameters wh ich affect its 
research capabi l i t ies are to be agreed 
upon by both laborator ies. The site p lan, 
the design, construct ion and assembly of 
beams, bui ld ings and on-site ut i l i t ies 
necessary for operat ion of the chamber, 
wi l l be the responsibi l i ty of NAL. 

By the end of 1969 it is intended to 
produce a conceptual design of the bubble 
chamber (but not detai led design draw
ings). The present th ink ing envisages a 
chamber of 105 000 litres volume, 72 000 
l i tres being seen by three cameras. Six 
cameras in all would be instal led and 
two groups of three could for example be 
operated separately, one group for neutr ino 
pictures and the other group for charged 
part ic le p ictures if the chamber were 
operated in a double pulsed mode. A 
superconduct ing magnet would produce 
a f ie ld of 40 kG in the useful volume. 

Money for the conceptual design of 
the chamber is presently being requested. 
If funds for construct ion are obtained in 
July 1970, detai led design could start wi th 
a v iew to complet ing construct ion by the 
end of 1973. By that t ime it is expected 
that the accelerator wi l l reach its ful l 
design intensity of 5 x 10 1 3 protons 
per pulse. A tentat ive cost est imate for 
the chamber is $ 17 M, including $ 4 M 
for deuter ium to f i l l the chamber. 

Design concepts of the NAL neutr ino 
beam faci l i ty are being studied ; it is not 
intended to freeze the design for the 
neutr ino beam-l ine itself unti l September 
1970. The beam-l ine as conceived at 
present is 2V2 km long, inc luding focusing 
elements for the neutr ino parents (jt and 
K mesons) and a shield of 600 m of earth 
to f i l ter the neutr inos. Such a long shield 
wi l l cause a considerable drop in the 
intensity of the neutr ino beam below about 
4 GeV neutr ino energy, but using earth 
may save several mi l l ion dol lars compared 
wi th a shorter (denser) iron shie ld. 

The var ious elements of the neutr ino 
faci l i ty are being designed wi th half an 
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A simplified representation of the proposed 

heavy ion accelerator. 

1. is the injection point 

2. are the magnetic mirrors which send the ions 

repeatedly through the tandem accelerator 

3. are the solids which strip the ions to carry 

high charge during their acceleration stage in 

the tandem (note that the precise position of 

the solids would not be as drawn) 

4. is the gas at the high voltage terminal which 

results in lower charge for the deceleration 

stage in the tandem. 

eye to economical adjustment for opera
t ion wi th a 400-500 GeV beam later. 

Physics exper iments wi l l begin at NAL 
in July 1972 when a 200 GeV proton beam 
wil l be avai lable in the f irst exper imental 
area. Soon after, neutr ino physics could 
begin in the neutrino area with counter — 
spark chamber exper iments, before the 
25 foot hydrogen chamber comes into 
operat ion at the end of 1973. 

Late news : President Johnson's budget 
for the f iscal year beginning 1 July 1969 
includes a sum of $ 102 Mi l l ion for the 
National Accelerator Laboratory — the 
ful l amount requested for the construct ion 
of the 200 GeV machine in the coming year. 

Serpukhov 
Neutrino plans 
A series of neutr ino exper iments are also 
being prepared for the highest energy 
accelerator current ly in operat ion — the 
76 GeV proton synchrotron at Serpukhov, 
USSR. Both a large spark chamber array 
and a heavy l iquid bubble chamber are 
p lanned. 

A gal lery 360 m long and 24 m wide is 
being constructed between the huge ex
per imental hall wh ich spans the machine 
and the posit ion where two bubble cham
bers wi l l sit, a hydrogen chamber 'Mira
bel le ' being constructed in France and a 
heavy l iquid chamber 'SKAT' being con
structed in the Soviet Union. For the 
neutr ino exper iments the gal lery wi l l ac
commodate the ejected proton beam, 
target, focusing horn, decay length for 
the neutr ino parents and 50 m of iron 
shie ld ing as the neutr ino fi l ter. A spark 
chamber array wil l preceed the heavy 

l iquid bubble chamber which wi l l be 
located 200 m from the target. 

It is intended to use SKAT f i l led with 
freon for the neutrino experiments. The 
chamber d imensions are 4.5 x 1.5 x 1.1 m 3 . 
It is intended to take a mil l ion pictures in 
the neutr ino run, hoping for neutr ino events 
at the rate of 6000 per day, with the 
intensity of the accelerator at 10 1 3 protons 
per pulse. 

The exper iments wil l be concerned 
part iculary wi th a search for the interme
diate boson (up to 4 GeV in the SKAT, 
6 GeV with the spark chambers), total 
cross-sect ion measurements (up to 20 GeV 
in SKAT, 50 GeV with the spark chambers) 
and elastic cross-sect ion measurements 
(up to 10 GeV in SKAT, 20 GeV with the 
spark chambers). 

Heidelberg 
New acceleration 
scheme 
A new method for accelerat ing heavy ions 
has emerged from work (part icular ly at 
the Max Planck Institute Heidelberg, and 
Freiburg University, wi th valuable cont r i 
but ions from CISE, Karlsruhe and Dubna) 
led by G. Hort ig. It uses the variat ion in 
the average charge carr ied by a heavy 
ion depending upon the density of the 
material it traverses, and involves passing 
the heavy ions backwards and forwards 
through the same system increasing their 
energy at each passage. The cost of such 
an accelerator could be comparat ively 
cheap and it may be capable of acceler
at ing, for example, uranium ions up to 3 
GeV. A talk on the new method was given 
by Hort ig at the 1st National USSR 

Accelerator Conference in Moscow on 
8-17 October 1968. 

The basic ideas of the proposed ac
celerator are quite s imple and wi l l be 
descr ibed here but the problems involved 
in retaining a focused ion beam whi le 
passing it repeatedly through sol id and 
gas str ippers are by no means simple. 
However, this problem has been investi
gated intensively and it has been found 
that effects such as mult ip le scatter ing 
can be countered by suitable design of 
the ion opt ics. Achromat ic lens systems, 
involving magnet ic mirrors and many 
quadrupole focusing doublets, have been 
worked out. As expla ined below, the whole 
process is stat ist ical and Monte Carlo 
programmes are used to study scatter ing 
and charge exchange. 

The pr inc ip le of operat ion depends upon 
the fo l lowing phenomenon : As ions pass 
through matter they lose and pick up 
electrons and it was found by N.O. Lassen 
in 1949 that the average charge carr ied 
by a heavy ion depends upon the density 
of the matter it t raverses. For example, 
the average equi l ibr ium charge on a 
uranium ion in sol ids is about twice as 
high as it is in gases. ( 'Equi l ibr ium' here 
refers to the fact that it takes a certain 
th ickness of matter to reach a stable 
average value - it is not necessary that 
these equi l ibr ium values be reached for 
the accelerator to operate.) In addi t ion, 
the average charge depends upon the ion 
veloci ty and the actual charges carr ied 
are d ist r ibuted in a very narrow range 
around the average value. 

These facts can be used to accelerate 
heavy ions f rom one end to the other of 
a tandem accelerator using sol id and gas 
str ippers as shown schemat ical ly in the 
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An artist's impression of the 68 MeV proton 

linear accelerator of the John H. Williams 

Laboratory, University of Minnesota. The 

accelerator closed down this month after 

contributing to nuclear physics research for 

fourteen years. 

(Photo Minnesota) 

diagram. At earth potential the ion beam 
passes through a sol id and emerges wi th 
a high average charge, q sol id , and is 
accelerated to the central high negative 
vol tage terminal , wh ich has a vol tage V, 
gaining energy eV(q sol id). The beam 
then passes through a gas and the average 
charge fal ls to (q gas). In the second 
stage of the tandem it is then decelerated 
losing energy eV(q gas). The total gain in 
energy is then 

eV(q sol id — q gas) 
This gain in energy is l imited to about 

20 MeV and, to reach the energies of 
several GeV which are required for 
research, the cycle has obviously to be 
repeated many t imes. To construct a series 
of tandems in line is not pract icable and 
therefore two magnet ic mirrors, to send 
the beam back through the same tandem, 
are needed — one on each side as shown 
in the d iagram. 

These magnet ic mirrors and the beam 
focusing system have to be 'achromat ic ' 
because they wi l l be deal ing with ions 
having a charge d is t r ibut ion, and there
fore energy d is t r ibut ion, around an average 
value. They also have to cope wi th a 
range f rom inject ion to full energy — they 
wi l l be d.c. operated. Just as an achro
matic opt ical lens br ings to the same 
point l ight which starts f rom the same 
point regardless of its wavelength, so 
achromat ic magnet ic lenses br ing to the 
same point part ic les start ing from the 
same point regardless of their energy. 
With achromat ic ion opt ics it wi l l be 
possible to retain the ion beam despi te 
the charge and energy d is t r ibut ion. (A 
further focusing effect can be gained in 
the charge changing processes.) 

The output of the accelerator would be 

cont inuous and operat ion involves no 
pulsed t components. The high vol tage 
system and all the magnets would be d.c. 
operated. 

Work on this new idea has so far been 
rather scattered and the t ime is ripe for 
it to be concentrated in one place. It is 
est imated that about three years further 
development, involving an investment of 
less than 2 Mil l ion DM, would be needed 
before embark ing on construct ion of an ac
celerator at a cost of around 20 Mi l l ion DM. 

Minnesota 
Close down of PLA 
The 68 MeV proton linear accelerator of 
the John H. Wi l l iams Laboratory at the 
University of Minnesota, USA, has been 
c losed down in January after fourteen 
years of operat ion. For many years it was 
an almost unique research accelerator 
(the only equivalent one being the 50 MeV 
PLA at the Rutherford Laboratory — which 
is also due to be closed down in six 
months t ime) but this type of machine has 
now been superseded by the sector-
focused cyclot ron which can do more 
eff ic ient ly the research for wh ich the l inear 
accelerator was designed. 

Machine design and performance 

Fol lowing the successful operat ion of a 32 
MeV proton linear accelerator at Berkeley 
in 1948, based on a new design by L. 
Alvarez, it seemed possible that much 
higher energies could be obtained f rom 
l inear machines by using several of the 
Alvarez-type accelerator cavit ies in series. 
J.H. Wi l l iams at the University of Minne
sota was then searching for much higher 

energies than he could obtain with his 4 
MeV Van de Graaff to extend his nuclear 
physics research. He gained the support 
of the US Atomic Energy Commission and 
the State of Minnesota for the construc
t ion of a proton l inear accelerator to reach 
an energy of around 60 MeV. 

Design work began in July 1949 and 
actual const ruct ion in 1951. There were 
several design features, some of wh ich 
are now standard pract ice on the l inear 
in jectors of large synchrotrons, wh ich 
were confronted for the first t ime with the 
Minnesota machine. One was the choice 
of ' in ject ion ' energy — the energy at wh ich 
protons are fed into the f irst resonant 
cavity. Alvarez had used a horizontal Van 
de Graaff g iv ing 4 MeV, one reason for 
this high in ject ion energy being that the 
part ic les had to pass through thin a lumin i 
um foi ls wh ich would cause excessive 
scat ter ing of lower energy part ic les. A 
foi l covered the aperture in each dri f t 
tube to establ ish the required focusing 
f ie lds along the accelerator. 

By the t ime the Wi l l iams design was 
tak ing shape, tungsten gr ids were pre
ferred to foi ls and lower in ject ion energy 
was acceptable. (Note that the newer 
proton l inear accelerators on the synchro
trons use neither foi ls nor gr ids. Their 
focusing funct ion has been taken over by 
magnet ic quadrupole lenses mounted 
inside the dri f t tubes. Quadrupole lenses 
were developed in 1952). 500 keV was 
chosen as the in ject ion energy being high 
enough to avoid t rouble wi th the design 
of the drift tubes at the low-energy end of 
the machine, and low enough to avoid a 
pressurized enclosure for the in jector 
wh ich had been a servic ing problem on 
the Alvarez machine. 
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Construction work on the 800 MeV proton linear 

accelerator is in full swing at the Los Alamos 

Laboratory. In the photograph, the Injector and 

201.25 MHz Sector Building is taking shape. The 

850 m long accelerator will point towards the 

Sangre de Cristo mountain range in the 

background. 

(Photo Los Alamos) 

Design of the 6 GeV Bevatron was under 
way at the same t ime and Wi l l iams sett led 
for the 10 MeV Bevatron in jector energy 
as the f irst stage of the Minnesota ma
chine. (The Bevatron in ject ion energy has 
s ince been raised to 20 MeV.) A jo in t 
design resulted and components were 
manufactured in dupl icate for both ma
chines. (The same dr i f t - tube design was 
later adopted for the f irst stage of the 
CERN PS injector and at Rutherford. A 
more recent, human link wi th CERN was 
when R.P. Featherstone, who led machine 
operat ion at Minnesota, worked at the PS 
a year ago. He is now at Batavia.) 

The cavity in the Alvarez machine was 
12 m long and two "more of them were 
obta ined f rom the same manufacturer to 
act as stage two and three of the Minne
sota machine. Thus the l inear accelerator 
was a three cavity device wi th energies 
of 10 MeV, 40 MeV and 68 MeV at the end 
of successive stages. 

The three cavity design required perfect 
synchronizat ion between the accelerat ing 
f ie lds in the separate cavit ies. It was 
dec ided to dr ive each one f rom a power 
ampl i f ier and in turn to dr ive the three 
power ampl i f iers f rom a common source. 
Select ion of the ampl i f ier valves was very 
di f f icul t at that t ime — the Alvarez ma
chine had a high fai lure rate wi th 
100 valves and the idea of mul t ip ly ing this 
to perhaps 250 was not a happy one. The 
speci f icat ion was peak output power 4 MW 
at 202.55 MHz with a pulse length of 
300 \is and a repeti t ion rate of 60 Hz. 
Col l ins Radio Corporat ion proposed a sys
tem based on their exper ience wi th 50 
kW 'resnatrons' used for jamming radar 
dur ing the war. After many modi f icat ions 
these proved very successful and one 

resnatron operated at about 600 kW for 
over 12 000 hours. 

Proton beams were accelerated for the 
f irst t ime to 10 MeV in 1954 and to 40 
and 68 MeV in 1955. Research using the 
machine began as soon as 10 MeV beams 
were avai lable. Since then the accelerator 
has operated on a 160 hour schedule and 
in recent years the percentage of sched
uled hours lost due to breakdown has 
been about 12%. Most of the exper imental 
work has been carr ied out at 40 MeV 
wi th smal ler amounts at 68 and 10 MeV. 

It was not possible to make major im
provements (such as replacing the gr ids 
by quadrupoles to greatly increase the 
intensity of the accelerated beam — as 
was done in the f irst cavity of the CERN 
injector) but a variety of smaller improve
ments were carr ied out. The most interest
ing was the addi t ion of a polarized proton 
source in 1960 ; an improved version came 
into service in 1966 del iver ing about 10 7 

protons/s at 40 MeV with 5 5 % polar izat ion. 

Research programme 

The major research achievements were 
the series of precis ion proton-proton scat
ter ing exper iments f rom 10 to 68 MeV led 
by L.H. Johnston ; the extensive elast ic 
scat ter ing cross-sect ion and polar izat ion 
studies pr incipal ly by J.H. Wi l l iams, N.M. 
Hintz, R.M. Eisberg, G.W. Greenlees ; and 
the inelastic scat ter ing and one- and two-
part ic le transfer work led by N.M. Hintz. 

Short ly after a 10 MeV beam was 
obta ined, Wi l l iams and his students began 
a programme of elastic proton-nucleus 
scat ter ing using a mult i -plate camera 
or ig inal ly bui l t at Los Alamos by Wi l l iams 
and others. This led to extensive research 

on the opt ical model wh ich cont inued to 
the last days of the machine. 

Wi l l iams recognized in the mid 40's 
that nucléons in the energy range up to 
68 MeV had a de Brogl ie wavelength such 
that elast ic scat ter ing angular d ist r ibut ions 
would be very sensit ive to nuclear size 
and shape. The f irst major survey work 
on elast ic scat ter ing at 9.8 MeV was by 
Hintz. Its analysis by A.E. Glassgold and 
others showed clearly, for the f irst t ime, 
that elast ic scat ter ing data of moderate 
precis ion could not determine the radius 
and depth of the opt ica l potential sepa
rately, but only f ixed some product such 
as VR n . Later, more accurate studies (one 
of the early surveys of elastic scat ter ing 
on separated isotopic targets) and polar i 
zation studies, fo l lowed by an extensive 
series of scat ter ing exper iments and by 
the reformulated opt ica l model analysis, 
establ ished the Wi l l iams Laboratory as a 
major cont r ibutor to the study of nuclear 
matter and potent ial d ist r ibut ions. 

Many of the most accurate elast ic scat
ter ing and polar izat ion studies yet done in 
the 10 - 40 MeV range have been com
pleted in the last two years and are in 
press or are being analyzed. A major 
conc lus ion of the reformulated opt ical 
model is that the elast ic and polar izat ion 
data determine only the r.m.s. radius of 
the nuclear matter d is t r ibut ion, and not 
V, R and a (dif fuseness), separately. The 
work shows unambiguous evidence for a 
neutron skin on the nucléon surface of 
approx imate ly 0.7 f for heavy nucle i . 

Also dur ing the f irst years of machine 
operat ion, Johnston began a programme of 
precis ion p-p scat ter ing measurements at 
10, 40 and 68 MeV and at var ious energies 
in between. The object ive was to obtain 
p-p data of an accuracy previously only 
at tained at much lower Van de Graaff 
energies (approximately ± 1 % absolute) 
and far better than that usual for energies 
above 100 MeV (approximately 1 0 % ) . The 
work of Johnston and his col laborators 
remains the def in i t ive work in this energy 
range and is inc luded in every major new 
analysis of the nucleon-nucleon data. 

The nuclear react ion and nuclear spec
t roscopy work of greatest importance 
were those on total proton react ion cross-
sect ions where at tenuat ion techniques 
were f irst developed and f rom which 
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evidence emerged for imaginary potent ial 
radii larger than real radi i , and those on 
inelast ic scatter ing and two-neutron p ickup 
react ions. 

An important new line of work began in 
1962 on (p, t) react ions. This was the 
f i rst systematic work relat ing two-neutron 
p ickup ampl i tudes to nuclear st ructure and 
i l lustrat ing the power of the react ion to 
determine two-neutron corre lat ions (or 
conf igurat ion mixing) in nuclear wave 
funct ions. 

J.H. Wi l l iams died in 1966 after more 
than thir ty years of teaching and research 
at the University. He had been a source 
of inspirat ion throughout the construct ion 
of the machine and the development of the 
research programme. The Laboratory was 
renamed after him — the John H. Wi l l iams 
Laboratory of Nuclear Physics. Perhaps 
one of the f inest t r ibutes to the machine 
that he buil t and the nature of the Labo
ratory that grew around it, is to note that 
29 research students gained their Ph.Ds 
on? the basis of work per formed on the 
accelerator in the years 1954 to 1968. 

Los Alamos 
LAMPF construction 
With the release by the Bureau of the 
Budget, last October, of $26 Mi l l ion for 
construct ion, the LAMPF project (Los 
Alamos Meson Physics Facil i ty) has moved 
into top gear. (For detai l of the design 
of the 800 MeV proton l inear accelerator 
see CERN COURIER vol . 8, page 132.) 
$33 Mi l l ion has been released so far wh ich 
is more than half the cost est imate 
prepared in 1964 ($55 Mi l l ion). Despite the 
many novel features of the pro ject this 
cost est imate is sti l l val id and the con
struct ion team sti l l hold to the complet ion 
date of mid-1972. 

The Equipment Test Laboratory has 
been completed, the bui ld ing for the 750 
keV injector is wel l under way and con
tracts for a Laboratory and Off ice bui ld ing 
and for the 850 m long beam channel 
have been p laced. 

Construct ion of the waveguide sect ion 
of the accelerator (using the new concept 
of s ide-coupled cavit ies) has started with 
the award of the contract for the copper 
forg ings of the f irst f i f th of the sect ion. 

4 t h International 
Exhibition 
of 
Industrial 
Electronics 

Basel 
4-8 March 1969 

440 exhibitors showing 
Industrial Electronics of 
700 manufacturers from 
17 countries 

Display of production-line 
manufacture of electronic 
components 

Opening hours 9 a .m. -6 p.m. 

Information and catalogues: 
Secretary INEL 
CH-4000 Basel/Switzerland 
Telephone 061.323850 
Telex 62685 fairs ch 
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What's new 
in the 
new D I D A C 
generation 
of multichannel 
analyzers? 

Here is the 

100 M H z 
C44 pulse 
amplitude 
coding unit 

• 8 0 0 0 - c h a n n e l reso lu t ion 

• D i f f e r e n t i a l l i near i t y : 0 .75% 

m I n t e g r a l l i near i ty : 0 .075% 

m Pulse rise t i m e : 0.2 t o 8 [isec 

m C o u p l i n g : A C or D C 

INTERTECHNIQUE 
D E P T N r . B 1 6 - 78 - PLAISIR - FRANCE 
Tel. 951-01-20 Telex IIMTERTEC 25 942 F 

Distributors throughout the wor ld and subsidiaries i n : 
G E R M A N Y 
D e u t s c h e I n t e r t e c h n i q u e G m b H 
P o s t f a c h 3 1 5 
D 6 5 M A I N Z 
P h o n e : 2 6 6 6 1 

U N I T E D K I N G D O M 
I n t e r t e c h n i q u e L t d . 
5, V i c t o r i a R o a d 
P O R T S L A D E , Sussex 
P h o n e : B R I G H T O N 4 4 3 3 6 

S W E D E N 
N a n o t e k n i k A B 
B o x 3 0 4 5 
T À B Y 3 
P h o n e : 0 8 / 7 5 8 4 0 3 0 

"'ill :;, 

USA 
I n t e r t e c h n i q u e I n s t r u m e n t s I n c . 
R a n d o l f I n d u s t r i a l Park 
D O V E R , N e w J e r s e y 0 7 8 0 1 
P h o n e : ( 2 0 1 ) 3 6 1 - 5 5 5 0 



1 8 0 / 1 8 1 PI Here are 2 more 
good reasons for 

buying your next 
high frequency 

scope from 
Hewlett- Packard 

4 - c h a n n e l c a p a b i l i t y 
W i t h t h e 1 8 0 4 A p l u g - i n y o u m a y c o m 
p a r e u p t o f o u r s i g n a l s s i m u l t a n e o u s l y 
T r i g g e r e a c h c h a n n e l i n d e p e n d e n t l y , o r 
t r i g g e r a l l f r o m a n y o n e . E a c h c h a n n e l 
f e a t u r e s d c t o 5 0 M H z b a n d w i d t h , 
2 0 m V / d i v s e n s i t i v i t y , 7 n s r i s e t i m e . 
P r i c e $ 9 7 5 . * 

D i f f e r e n t i a l / D C O f f s e t A m p l i f i e r 
T h e 1 8 0 3 A p l u g - i n g e n e r a t e s a v e r y 
s t a b l e , p r e c i s e d c v o l t a g e ( f o u r - d i g i t r e s o 
l u t i o n ) f o r c o m p a r i s o n w i t h t h e i n p u t 
s i g n a l . T h e d c o f f s e t f e a t u r e p e r m i t s y o u 
t o d i s p l a y a n y p a r t o f a n e x p a n d e d i n p u t 
s i g n a l t h u s a l l o w i n g a n e x t r e m e l y a c c u 
r a t e m e a s u r e m e n t . I n t e r l o c k c o n t r o l s 
p r e v e n t u n w a n t e d o f f s e t c h a n g e s as s e n 
s i t i v i t y is c h a n g e d . 
A s a d i f f e r e n t i a l a m p l i f i e r , y o u r u n w a n t e d 
c o m m o n - m o d e s i g n a l m a y b e r e d u c e d 
b y a f a c t o r o f 2 0 , 0 0 0 t o 1 , l e a v i n g a c l e a r 
p r e s e n t a t i o n o f t h e d i f f e r e n t i a l s i g n a l . . . 
C o m m o n - m o d e s i g n a l s u p t o 10 V m a y 
b e a p p l i e d o n t h e m o s t s e n s i t i v e d e f l e c 
t i o n r a n g e ( . 0 0 1 V / d i v ) . P r i c e $ 9 5 0 . * 

O t h e r p l u g - i n s n o w a v a i l a b l e : 1 8 0 1 A D u a l - C h a n n e l A m p l i f i e r $ 6 5 0 , * 1 8 2 0 A T i m e 
B a s e $ 4 7 5 / 1 8 2 1 A T i m e B a s e a n d D e l a y G e n e r a t o r s 8 0 0 * . . . a n d t h e r e a r e s t i l l 
m o r e t o c o m e . T h i s p l u g - i n v e r s a t i l i t y is o n l y o n e f e a t u r e o f t h e 5 0 M H z s c o p e s 
f r o m H P . T h e 1 8 0 A a n d 1 8 1 A b o t h h a v e 8 x 1 0 c m s c r e e n s w i t h p a r a l l a x - f r e e 
i n t e r n a l g r a t i c u l e . T h e y a r e l i g h t w e i g h t , c o m p a c t , a n d q u i e t . T h e 1 8 1 A o f f e r s 
v a r i a b l e p e r s i s t e n c e a n d d i s p l a y s t o r a g e . C o n t a c t y o u r H P s a l e s o f f i c e f o r m o r e 
i n f o r m a t i o n . 

# 

' F o b f a c t o r y 

E u r o p e a n h e a d q u a r t e r s : 
H e w l e t t - P a c k a r d S . A . 
Rue d u B o i s - d u - L a n 7 
1217 M e y r i n - G e n e v a 
T e l . ( 0 2 2 ) 4 1 5 4 0 0 

2 8 s a l e s a n d 
s e r v i c e o f f i c e s 
t h r o u g h o u t E u r o p e 

HEWLETT [hDl PACKARD 
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for each ^ ^ ^ ^ ^ ^ ^ H 
scaling problem... ^ ^ ^ ^ 

...a specific solution 

< - i 4 i v 4 - r ; 

300 SYSTEM 

A general purpose modular set of scalers 
for nuclear and particle physics containing 
a wide range of scalers with and without 
visual display - 50 - 100 MHz 
All E.C.L. and T.T.L. integrated c i rcui ts 

SPADAC SYSTEM 

A data acquisition system for spark chamber 
and hodoscope experiments and for exper
iments which demand large quantities of 
data. All binary counting for efficient real 
t ime computer work. Built-in event rejection 
criteria and automatic computer controlled 
testing. All T.T.L. integrated circuits. 

for all systems... 

SSJB 
ELECTRONIQUE 

. offers an extensive choice of recording, 
storage and data transfer equipment 

Representatives throughout Europe 
and The United States 

31 Av. Ernest-Pictet 
1211 GENEVA 13 /Switzerland 
Tel (022) 442940 



We've done 
some deep 
thinking on 
detectors 

— 2 5 m m d e e p , i n f a c t . W e ca l l it t he T r a n s v e r s e F ie l d S i l i c o n D e t e c t o r . It s w e e p s ou t in 16nS w i t h 
700 vo l t s b ias . It has a s u b - m i c r o n w i n d o w a n d is a v a i l a b l e w i t h a r e a s up to 200 m m 2 . It g i v e s 
r e s o l u t i o n s to 5 Kev F W H M for 970 Kev e l e c t r o n s . It c a n s t o p 80 M e v p r o t o n s . 200 M e v a l p h a s or 
10 Mev e l e c t r o n s . T h e T r a n s v e r s e F ie l d S i l i c o n D e t e c t o r is in r e g u l a r p r o d u c t i o n at S i m t e c L td 
W r i t e or ca l l fo r a d e m o n s t r a t i o n a n d buy you rse l f s o m e d e e p s a t i s f a c t i o n . 

simtec ltd. 3400 Metropolitan Blvd. East, Montreal 38, Canada 
Telephone (505) 728-4527 

H i g h E n e r g y a n d N u c l e a r E q u i p m e n t S.A. , 2 , c h e m i n d e T a v e r n a y , G r a n d - S a c o n n e x , 
1218 G e n e v a , S w i t z e r l a n d - T e l . ( 0 2 2 ) 3 4 1 7 0 7 / 5 
& C a s t e l l a n a H i l t o n , M a d r i d - T e l . 2 5 7 . 2 2 . 0 0 



check t h e s e 
la tes t innovat ions 
f r o m L R S 
Staying abreast of latest technological developments is no easy 
task. Particularly in a frontier-probing discipline like nuclear re
search- Here, instrumentation developers, like the researchers 
they serve, are constantly probing the threshold of the state of the 
art. And new instrument breakthroughs come rapidly. • If you have 
not heard about these latest instrument innovations from LRS, take 
just a moment to update your thinking. If you are interested in 
detailed technical information, simply check the appropriate boxes . . . 
clip page to your card or letterhead . . . and mail back to LRS today. 

t h e n e w e s t o f t h e n e w : 

• 
Mode l 1 4 3 B 
GATED DIGITIZER 
Generates pulse train < 
length proportional t 
amplitude or area of n 
nosecond input pulsi 
Compatible with all sea 
ers. 
Input Full Scale: - 1 vo 
(Peak Mode); - 7 . 5 vol 
nanoseconds or equivaler 
pulse area (Area Mode 
Linear Gate: Normally of 
3 ns opening and closir 
times. Clock: Crystal cot 
trolled. Outputs: Fast log 
OUtpUtS: —750 mV; SlO 
logic output: + 4 volts ii 
to 50«. 

• 
Model 1 7 0 
6-CHANNEL GATED LATCH 
Six independent latch circuits 
store slow logic voltage level in
dicating coincidence events be
tween channel input and com
mon gate input. Separate fast 
logic outputs permit additional 
immediate use of coincidence in
formation in logic system. 
Inputs: 6 plus common gate; 2 
paralleled BNC connectors permit 
reuse of gate signal. Buffer Reg
ister Outputs: 0 and + 4 volts; 
duration same as readout strobe; 
via rear connector. Fast Logic Out
puts: One per channel; - 1 6 mA 
during output; duration internally 
adjustable from 10-1000 ns. 

• 
Model 2 2 5 
8-CHANNEL 
2-FOLD FAN-IN 
Linearly mixes two input 
signals at rates to 200 
MHz at each of 8 inputs. 
No duty cycle limitations. 
Outputs are d i rec t 
coupled current sources 
providing a gain of 1.0 
over dynamic range. 
Inputs: Two per channel, 
direct coupled. L inear 
Range: +100 mV to - 1 . 5 
volts. Outputs: One per 
channel; 1.0 ns rise and 
fall time. Gain: Input to 
output, 1.0 into 500. 

• 
Model 2 0 8 
MULTI -MODE TIME-TO-
HEIGHT CONVERTER 
Measures time intervals from 
50 ns to 50 fis (50 ms optional). 
The THREE operating modes of
fer long-term data storage (Ana-
fog Storage Mode), sequential 
time measurements (Multiple 
Stop Mode), and a prompt read
out (Normal Mode). 
Inputs: Start, Stop, Inhibit, Output 
Command; all DC coupled. Time 
Ranges: 10, 50 ns to 50 as. Out
puts: + 10 volts for analyzers, 
± 1 volt into 50ÏÏ for ADC's; sep
arate duration and deadtime con
trols. Control Outputs: Complemen
tary, 0 and + 4 volts, for routing 
signals or tape control, 

• 
M o d e l 1 2 4 $ 
GATED PULSE STRETCHER 

Provides fast efficient pulse 
stretching for adapting nano
second pulses for use with 
MCA. Built-in linear gate. Out
put proportional to area of in
put. 
Input Full Scale: - 500 mV for 
5 ns or equivalent. Linear Gate: 
Normally c losed, - 6 0 0 mV 
opens. Full Scale Output: 4-10 
volts into high impedance; + 5 
volts into 5QO. Output Charac
teristics: Risetime 100 ns; fall 
t imes , swi tch se lec ted , t ime 
constants 1 and 3 Nonline-
ar i ty : -« l% integral. 

• Mode l 2 2 4 - lOO-CHANNEL FAN-OUT 

Rack-mounting, line-powered fan-out delivers one hundred simultaneous fast logic pulses 
into separate 50ft loads. Output duration slaved to input duration or variable, 500 n$ to 
5 as. Excellent system blanking pulse generator. L R S 

L e C R O Y R E S E A R C H S Y S T E M S 

C O R P O R A T I O N 

Rte . 3 0 3 , W . Nyack, N.Y. 1 0 9 9 4 - (914) 3 5 8 - 7 9 0 0 

INNOVATORS IN INSTRUMENTATION 

Aodel 5 2 0 1 
)UAL 1 0 0 M H z S 
SYSTEM SCALER I 
•esigned for s y s t e m applica-
ions, this compact AEC module 
ses centralized nixie display to 
educe system size and cost, 
îounting in binary, with octal 
eadout (decimal too, if desired), 
lodel 520 is directly compatible 
/ith magnetic tape units and on-
ine computers. 
nput: Bui l t in discr iminators; 
hreshold variable from —.250 to 
.5 volts; 50£2 impedance. Fast In-
libit: 3 ns opening and closing 
ime. Double Pulse Resolution: 10 
s. Capacity: 24 bits (1.7 x 10? in 
ecimal). Controls: Inhibit/enable, 
lear, strobe and threshold. 
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A N A L O G T O DIGITAL C O N V E R T E R 
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§ 
DISPLAY 

R E A D O U T 
C O M M A N D 

The HIDAC system is applicable to spark chambers, hodoscopes, 

spectrometers and time-of-flight measurements. The system is kept up 

to date with the passage of time by the continual introduction of new 

modules to help automate and expand your equipment. 

H I D A C n o w i n c l u d e s the A n a l o g u e - t o - D i g i t a l C o n v e r t e r 954 

HIDAC 
means easy 
and reliable 
high speed 
data 
acquisition! 

The ADC 954 has been special ly 
developed for the analysis of 
pulse height in format ion as wel l 
as pulse wid th in t ime of f l ight 
measurements. By vir tue of its 
fast input stretcher, it may be 
used f rom the nanosecond range 
up to dc levels. Input charge can 
be selected in five ranges f rom 
70 to 1400 pC cor respond ing to 
700 mV NIM pulses of 5, 10, 20, 50 
and 100 ns. The input stretcher 
has a resolut ion of 5 ps and its 
output can be moni tored with an 
osc i l loscope at the s low input. 
The s low input accepts pulses 
f rom 400 ns length up to dc le
vels. Al l c i rcu i t ry is dc-coup led 
throughout enabl ing measure
ments in many other f ie lds to be 
also under taken. Gain is con t ro l l 
able over 0 to 100% and the in
put impedance is 5 kohms in the 
50 mV range and 100 kohms in 
the 1 V range. Convers ion rate is 
100 MHz and convers ion gain is 
64, 128, 256, 512 or 1024 chan
nels. The unit is housed in a 
double width AEC/NIM module. 

The HIDAC Data Acquis i t ion Sys
tem is des igned for co l lect ion of 
all data in exper imenta l high and 
low energy nuclear physics. Ma
ny specia l units are avai lable for 
par t icu lar appl icat ions, such as 
record ing of data f rom spark 
chambers , Hodoscope-arrays, 
t ime-of- f l ight measurements, pu l 
se-height informat ion and count
ing-rates up to 100 MHz. This 
equ ipment was conceived f rom 
the many specia l units over the 
last few years, together wi th the 
latest requirements for ON-LINE 
cont ro l . Our p rogramme does not 
only consist of a single compo
nent for the system, but we have 
a ful ly integrated range f rom 
spark chambers to interface of 
computers . We do not c la im to 
have developed this system en
t irely ourselves, but wi th the help 
of our many customers it there
fore covers most the require
ments in the f ie ld . 

On the left one of the modules 
is in t roduced. 

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

E L E C T R O N I C S 

Switzerland: P. O. Box, 4500 Solothurn 2 
Tel: (065) 4 88 21, Telex 34228 

PULSE WIDTH 
• ns/10tm¥ 



A"prettygood" 
radioactivity monitor is like 

a"pretty good"parachute. 
(It might do the job.) 

TRITON 

Compromise somet imes seems Inappropr iate. So we bui ld 
a line of radioactivi ty moni tors as good as we can make 
them. They're expensive on a dol lar basis. But they're 
cheap on an anx iety-min imiz ing basis. If you carry the 
responsibi l i ty for radioact ivi ty moni tor ing , you' l l appreciate 
the conf idence that this equ ipment engenders. 

Our TRITON systems moni tor gamma radiat ion, t r i t i u m , 
argon-41, carbon-14, chlor ine-36, f luor ine-18, krypton-85, 
radon-222, su l fur -35, xenon-133, and xenon-135. They 
feature visual and audible a larms, rel iable solid-state cir
cui t ry , high accuracy ( ± 5 % of fu l l scale), reproducib i l i ty of 
of ± 2 % , high sensit ivi ty, and portabi l i ty. The advanced 
design of the TRITONS also provides pr imary gamma com
pensation and insensit ivi ty to c igarette smoke and airborne 
dust through the use of an electrostat ic precipi tator and an 
external submicron f i l ter. Note that a cal ibrator (wi th 
enough t r i t i um gas for 1000 or more cal ibrat ions) and a 
remote a larm (with both visual and audible systems) are 
also available. 

1055 TRITON for p o r t a b i l i t y - T h e newest TRITON. A 
very l ight (23 lbs.) battery-operated moni tor whose size 
belies its sensit ivi ty (50 / x c / M 3 , fu l l scale). Features re
chargeable n icke l -cadmium batter ies. The 1055 can be 
operated (and its batteries recharged) on standard l ine 
current . Has recorder output . Note: cal ibrator is avai lable. 

755C TRITON for everyday dependabi l i ty — Dependable 
system, suitable for rack-mount ing which accurately moni
tors airborne t r i t i um or ambien t low-level gamma radiat ion 
or the other beta-emit t ing isotopes l isted above. Excep

tional stabi l i ty and sensit ivi ty (100 / z c / M 3 , fu l l scale) also 
permi t analyt ical appl icat ions. Note: cal ibrator and remote 
alarm are available for the 755C. 

955 TRITON for except ional sensit iv i ty— High-sensit ivity 
system wi th a greater sensit iv i ty (10 ^ c / M 3 , fu l l scale) 
than the 755C. It is part icular ly sui table for moni tor ing the 
Max imum Permissible Concentrat ion of t r i t i um in air. Also 
has high sensit iv i ty as a gamma area moni tor (0.05 mr / hr 
fu l l scale). Ideal when the moni to r ing of extremely smal l 
amounts of gaseous radioactive contaminat ion is a neces
sity. Note: ca l ibrator and remote a la rm are avai lable. 

Radon Scint i l lat ion Count ing System—This is a complete 
low-level radon system compr is ing a stable, low-background 
counter, a ful ly- transistor ized electronic count ing instru
ment , and a col lect ion and t ransfer uni t . This is a perfect 
system for measur ing radon in air samples, human respira
t ion, leakage f rom rad ium sources, and the ef f luent gases 
f rom water suppl ies or mines. 

Now for more in format ion — Please complete coupon 
below. Or cal l us at (301) 664-8400 . Or wr i te Johnston 
Laboratories, Inc., 3617 Woodland Avenue, Bal t imore, Md. 
21215 . Please wr i te Dept. 189R. 

D e p t . 1 8 9 R . ( O r p h o n e : ( 3 0 1 ) 6 6 4 - 8 4 0 0 ) 
J o h n s t o n L a b o r a t o r i e s , I n c . 
3 6 1 7 W o o d l a n d A v e n u e , B a l t i m o r e , M d . 2 1 2 1 5 

I a m i n t e r e s t e d i n t h e i t e m s c h e c k e d b e l o w . 

P l e a s e : • c a l l m e • v i s i t m e • s e n d m o r e i n f o r m a t i o n . 

• T R I T O N 1 0 5 5 M o n i t o r • T R I T O N C a l i b r a t o r 

• T R I T O N 7 5 5 C M o n i t o r • T R I T O N R e m o t e a l a r m 

• T R I T O N 9 5 5 M o n i t o r • R a d o n c o u n t i n g s y s t e m 

M y a p p l i c a t i o n i s : 

N a m e 

T i t l e _ D e p a r t m e n t 

O r g a n i z a t i o n . 

A d d r e s s 

z i p c o d e 

a r e a c o d e n u m b e r 

Johnston Laboratories,Inc. 

24 



ORGANIC SCINTILLATORS 
* The most widely used general purpose plastic scintillator (NE102A) 
* The fastest plastic scintillators (NE111 and NE104) 
* The most transparent plastic scintillator (NE110) 
* The widest variety of geometries (sheets up to 3 x 2 metres) 
* Liquid Scintillators (all types) 

Meet your specific requirement from an unrivalled range by contacting 

„ NUCLEAR ENTERPRISES LTD., 
WSighthill, Edinburgh 11. (Tel. 031-443 4060 Telex. 72333) 

Associate Companies: 
Nuclear Enterprises GmbH, Nuclear Enterprises Inc., 
8 Munchen 80, 935 Terminal Way, 
Perfallstr 4, San Carlos, California. 
Tel : Munchen 443735. Tel : 415-593 1455 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
2, CHEMIN DE TAVERNAY GRAND-SACONNEX 
1218 GENEVA 
Tel. (022) 3417 0 7 / 3 4 1 7 05. 
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from SAC... 

DATA ACQUISITION 
SYSTEMS FOR HIGH 

ENERGY PHYSICS 

* — # ~ J # ~ J É H i H #™ J #™ j # ^ É H 

|U^~^™J -||H <ĵ H s^M | | M H™4 
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1148 DIGITAL SPARK CHAMBER SCALER UNIT 

• S w i t c h s e l e c t a n y c o m b i n a t i o t i o f s c a l e r s 

p e r u n i t — 2 / 4 8 , 4 / 2 4 , 6 / 1 6 , 8 / 1 2 

• H i g h a d j a c e n t p u l s e r e s o l u t i o n w i t h d i g i t a l 

p u l s e c e n t e r f i n d e r 

1148 AS ACCUMULATION SCALER UNIT 

• 48 , 24 b i n a r y b i t , 40 M H z s e a l e r s - p o s i t i v e 

a n d n e g a t i v e i n p u t 

• Fu l l y c o m p u t e r c o n t r o l l a b l e - r a n d o m a c c e s s 

o r s e q u e n t i a l r e a d o u t , i n d i v i d u a l g r o u p s t a r t 

a n d s t o p 

4* m m 

#^ #~j mJ mJ mJi mA # ^ c * x c ' 

^ j -̂~> ^ j ŝe—1 

4 e—* * 

& 

# & 

1100/1200/1300 SERIES DATA ACQUISITION, 

CONTROL AND READOUT INTERFACE UNITS 

• D i g i t a l m u l t i p l e x i n g , s c a n n i n g a n d o u t p u t 

d e v i c e i n t e r f a c e s r a n g i n g f r o m t y p e w r i t e r s 

t o c o m p u t e r s 

S C I E N C E A C C E S S O R I E S C O R P O R A T I O N 
65 STATION STREET / SOUTHPORT / CONNECTICUT / 06490 / USA / PHONE 203-255-1526 

A S U B S I D I A R Y O F A M P E R E X E L E C T R O N I C C O R P O R A T I O N 
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Radical new 
concept m 

instrumentation 

The f i rs t , e f fec t i ve , e c o n o m i c use o f I n teg ra ted C i r 
cu i ts in nuc lea r i n s t r u m e n t a t i o n . W e have d e f i n e d a 
f a m i l y o f large-scale i ns t r umen ts w h i c h are usefu l 
in m a n y classes o f e x p e r i m e n t s i n v o l v i n g t i m e - c o r 
re la ted events . D e s i g n e d t o c o m p l e m e n t N I M m o d 
ules, these i ns t rumen ts a l l o w y o u t o ex tend b e y o n d 
w h a t y o u c o u l d d o b e f o r e . . . even w i t h e n o r m o u s 
repe t i t i ve arrays o f m o d u l e s . The i ns t r umen ts are 
se l f - con ta i ned a n d cha rac te r i zed by a l o w e r cost 
pe r log ic f u n c t i o n . The f a m i l y name? 

MACROLOGIC" 
A n e w c o m p l e t e l i ne o f i ns t r umen ts tha t w i l l enab le 
y o u to p lan e x p e r i m e n t s in ways y o u c o u l d n ' t even 

cons ide r be fo re . M A C R O L O G I C i ns t rumen ts are 
c o m p l e t e a n d s e l f - c o n t a i n e d , rack m o u n t i n g , t o ta l l y 
enc losed and s h i e l d e d , and m a d e w i t h s t anda rd , u n -
se lec ted IC's. M A C R O L O G I C accepts and de l i vers 
N I M - s t a n d a r d fast l og ic signals a n d is conserva t i ve l y 
ra ted at 50 M H z . T h e f i rs t i n s t r u m e n t o f th is n e w 
f a m i l y t o be u n v e i l e d is the M L 1 6 8 M a t r i x C o i n c i -
dence™an 8x16 array o f 128 t w o - f o l d c o i n c i d e n c e 
c i rcu i ts . Nex t . . . a M A C R O L O G I C D i s c r i m i n a t o r 
a n d a M A C R O L O G I C M e m o r y . Fo r m o r e o n 
M A C R O L O G I C w r i t e o r c a l l : EG&G Inc. , 40 
C o n g r e s s S t r e e t , S a l e m , M a s s a c h u s e t t s 0 1 9 7 0 . 
P h o n e : 617-745-3200 . T W X : 7 1 0 - 3 4 7 - 6 7 4 1 . 

*W N U C L E A R I N S T R U M E N T A T I O N DIVISION 
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We're ra is ing the ante : Most modules of our sp lend id new 
NANOLOGIC 150, 2 0 0 MHz, AEC-compat ib le Count ing System 
are now avai lable off the shelf. We can sh ip f rom stock d is
c r iminators , logic un i ts , amp l i f i e rs , l inear adders, prescalers, 
fan- ins, fan-outs, l inear gates, gates w i t h s t re t che r /ho ld e tc , 
etc , etc, etc. Just about any logic f unc t i on in a N IM package 
you care to ment ion . Call our f u l l house and everybody wins. 

Observe, by the way, tha t NANOLOGIC 150 is a complete ly 
new System — not a repackage to meet T ID-20893. A new 
System. All new. From the grounds up. A l l DC-coupled; nor
mal or complementary outputs ; ou tpu t w id ths var iable over a 
1000 :1 range. Much higher per formance and greater oper
a t i ng f lex ib i l i t y . Care for a couple of examples? 

Model 1 5 1 , a dua l , deadt imeless d iscr iminator . Pulse inputs 
to bet ter than 2 0 0 MHz w i th 5 0 mV sensi t iv i ty and a var iable 
th resho ld , set tab le t o 1 % accuracy. Pulse pai r resolut ion is 
bet te r than 5 ns. One can swi tch-se lect updat ing , deadt ime

less or deadt ime modes. Five DC-coupled outputs per sect ion 
(two logic pairs and a scaler out) ; one logic pair can provide 
e i ther the complement or the normal ou tpu t . Output w id th 
cont inuous ly var iable 5 ns t o 5us w i t h a 3 ns f ixed pos i t ion . 
Doesn't sound l ike a repackage, does it? I t isn ' t . 

Model 152 is to logic un i ts what the 151 is to d iscr iminators . 
MAJORITY, AND, OR, ANTI logic func t ions ; a l l of them in one 
module. Coinc idence resolving t i m e bet ter than 2 ns FWHM 
at 200 MHz. Any input (4 YES, 1 NO) can be swi tched in or 
out independent ly . Outpu t w id th cont inuous ly var iable over a 
fu l l 1000 :1 dynamic range and normal a n d / o r complementary 
outputs . An overlap ou tpu t is also prov ided. 

We're not s tand ing pat though . More new 150 modules are on 
the way. If you need c o u n t i n g / l o g i c w i t h the highest avai l 
able per formance, s tab i l i t y and qua l i t y ca l l or wr i te for tech
nical l i terature or a demonst ra t ion . 

Looking for a w inn ing hand? Play these. 

C H R O N E T I C S 

U.S.A. : 5 0 0 Nuber Avenue , M t . Vernon, N e w Y o r k (914)699-4400 TWX 710 560 0014 
Europe: 3 9 Rue Rothschild, Geneva, Switzer land (022)318180 TELEX 22266 


