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300 GeV Project 
Latest design thinking 

The art ic le on the 300 GeV pro ject was 
composed before the news broke on 
18 Apr i l that a new proposal was being 
presented for d iscussion to European 
governments and to European sc ien
t ists. The fo l lowing paragraphs br ing 
out some features of the new proposal 
and can best be understood having 
read the art ic le. 

The init ial proposal was for an acce
lerator of 300 GeV wi th convent ional 
combined- funct ion magnets in a ring of 
d iameter 2.4 km. Using separated-
funct ion magnets an accelerator of 
300 GeV could be bui l t in a ring of 
1.8 km diameter wh ich cou ld later 
accommodate a superconduct ing ac
celerator of about 800 GeV. 

The new proposal is that the project 
be started wi th a tunnel of 1.8 km dia
meter capable of accommodat ing a 
300 GeV accelerator using exist ing 
techniques but that init ial ly only half 
the magnets be instal led. Such a 
magnet ring wou ld permit a maximum 
energy of 150 GeV. Should super
conduct ing technology develop as 
hoped, the spaces could be f i l led wi th 
superconduct ing magnets wh ich wou ld 
permit a maximum energy of about 400 
GeV. During the instal lat ion, the dis
turbance to exper imenta l physics at 
150 GeV would be min imal . 

If the superconduct ing accelerator 
proved successful then the or ig inal 
convent ional magnets cou ld be re
moved, the whole r ing f i l led wi th super
conduct ing magnets and the maximum 
energy taken to 800 GeV or perhaps 
more. 

On the other hand, should super
conduct ing techniques not be mas
tered, the r ing cou ld be f i l led up wi th 
further convent ional magnets at an 
addi t ional cost of about 60 mi l l ion 
Swiss f rancs and the accelerator taken 
to 300 GeV. 

In this way, physics at high energy 
could start as early as is now possible 
wi th the future possibi l i t ies of complet 
ing the project as a convent ional ac
celerator of 300 GeV or of convers ion 
to an accelerator wi th energy higher 
than any current ly under const ruct ion 

in the wor ld and based on the most 
modern technology. 

The present impasse in the 300 GeV 
pro ject is due to the dif f iculty of select
ing a site. At the same t ime it is d is
turb ing to the tradi t ional unity of CERN 
that only half the Member States 
(Austr ia, Belg ium, Federal Republ ic of 
Germany, France, Italy, Switzerland) 
have so far adopted a posit ive att i tude 
towards the project . The new proposal 
could possibly resolve these di f f icul t ies. 
With a d iameter of 1.8 km, the acceler
ator cou ld be buil t not only on one of 
the five sites previously under d is
cussion, but also on a site adjacent to 
CERN-Meyr in. There is suff ic ient un
inhabi ted ground on the opposi te side 
of the Geneva-St. Genis road to take 
such a r ing and a long e jected beam 
line. The ground is not ideal but ex
per ience in tunnel l ing the ISR beam 
t ransport l ines indicates that it is prac
t icable. 

Such a possibi l i ty has been d iscussed 
before. The construct ion of a machine 
in the range of 300 GeV across the 
road f rom the exist ing Laboratory was 
f irst proposed by C.A. Ramm on 
13 Apr i l 1961. An extension to higher 
energies using superconduct ing tech 
niques was referred to in a paper of 
G. Pîass on 27 Apr i l 1961. The new 
potent ial of the missing magnet design 
and the growing l ikel ihood that pulsed 
superconduct ing magnets wi l l be mas
tered, open up again the d iscussion of 
a site at CERN-Meyr in. 

Signi f icant economies would then be 
possible in the project by shar ing de
ve lopment effort, overhead costs and 
services wi th the exist ing Laboratory. 
The convent ional accelerator plus ex
per imental faci l i t ies would cost appro
x imately 1100 MSF instead of 1431 MSF 
and there could be simi lar savings in 
the cost of running the exist ing Labo
ratory. The personnel complement , for 
example, cou ld stabi l ize at 5000 people 
instead of 7400 in two separate Labo
ratories. In subsequent explo i tat ion of 
the research faci l i t ies, the plateau 
budget cou ld be 450 MSF instead of 
600 MSF for two separate Laborator ies. 

This article covers some of the studies 
carried out by the '300 GeV Machine Com
mittee' in connection with the design of the 
accelerator. These studies have produced 
exciting ideas about construction of 
the machine in such a way as to give 
maximum flexibility for its future develop
ment while being at every stage a viable 
project in itself. Underlying this new 
thinking is the realization that the> 
proposed Laboratory is likely to be the 
corner-stone of high energy physics 
research in Europe through to the end of 
the century. Potential for development 
could prove vital to keeping the Laboratory 
at the forefront, throughout all this time, in 
the research possibilities it offers. 

Only a tiny handful of people at CERN 
remain fully involved in the 300 GeV 
project but the Committee benefits from 
the collaboration of all the major 
accelerator centres in Europe. Membership 
includes representatives from DESY and 
Karlsruhe (federal Republic of Germany), 
Orsay and Saclay (France), Frascati (Italy), 
Daresbury and Rutherford (UK) as well as 
from CERN-Meyrin. 

A fuller presentation of much of what 
will be covered in this article can be 
found in a recently published 'yellow 
report', CERN 70-6, entitled 'Design Studies 
for a Large Proton Synchrotron Laboratory' 
by J.B. Adams and E.J.N. Wilson. 

In particular we will describe the idea 
of constructing the main synchrotron ring 
based on a 'missing magnet' design. Let 
us hope that it won't be very long before 
we move from the present extreme 
position where all the magnets are 
missing ! 

When the 300 GeV Machine Commit tee 
put its head down in the second half of 
1969 to take a fresh look at the machine 
design it had many th ings to take into 
cons iderat ion. The design wh ich had been 
previously put before the CERN Counci l 
was the result of a study carr ied out in 
1963, 64 under the d i rect ion of K. Johnsen. 
This design had been further endorsed by 
EC FA in 1967 and there is no doubt that 
such a machine wi l l ful f i l the spec i f icat ion 
(in par t icu lar w i th regard to the three key 
requirements of h igh energy, h igh in 
tensity and h igh capaci ty for exploi tat ion) 
and that its const ruct ion cou ld be con 
f ronted wi th conf idence at the pr ice 
est imates put fo rward. 

Nevertheless, accelerator technology 
has obviously not s tood sti l l s ince 1964 
and it was necessary to look at some of 
the developments and to assess their im
p l icat ions for the 300 GeV design — 
examin ing, for example, whether any of 
them cou ld result in lower costs or in 
greater potent ia l in one d i rect ion or an 
other. The major developments have been 
— the novel design of the 200-400 GeV 
accelerator near ing its f inal year of con 
s t ruct ion at Batavia under R.R.Wilson (see 



CERN COURIER vol . 8, page 31); the f irst 
tests on the idea of e lectron ring acceler
ators proposed by V.I. Veksler at Dubna 
(vol. 8, page 28; vol . 9, page 198); the pro
gress of superconduct ing magnet techno
logy (vol. 8, page 183); the increasing use 
of computers in accelerator contro l (vol. 9, 
page 166). 

The Commit tee also cons idered the fore
seeable life of the Laboratory and the way 
in wh ich the init ial machine design takes 
its p lace long-term in this l ife. This was 
again examined wi th a view to operat ing a 
Laboratory over many years at the lowest 
reasonable total cost whi le sustain ing over 
many years a maximum research potent ia l . 

We wi l l now deal br ief ly wi th these 
top ics s ince they lead into the latest 
des ign th ink ing. First, concern ing develop
ments in accelerator techno logy: 

The Batavia design has obviously been 
sub jec ted to very close scrut iny in Europe 
so as to learn what we can f rom our 
Amer ican col leagues being the f irst to 
conf ront in reality the problems of bu i ld ing 
a machine of several hundred GeV. A cost 
compar ison between the Batavia machine 
and the CERN 1964 proposed machine 
comes out wi th f igures very c lose. Apar t 
f rom this there are, as cou ld be expected, 
some aspects of the Batavia design wh ich 
are regarded as having advantages over 
the CERN proposal and others where the 
CERN proposal is sti l l regarded as pre
ferab le . 

There are two aspects wh ich have re
ta ined attent ion and to wh ich we wi l l re
tu rn later in this ar t ic le. (1) There are 
some advantages in bui ld ing a 'separated 
func t ion ' magnet latt ice (where the func

t ions of bending and of focusing of the 
proton beam are carr ied out by dif ferent 
magnets, as opposed to the 'combined 
funct ion ' where the same magnet does 
both jobs) ; (2) there is great at t ract ion in 
the phi losophy of 'extendible energy' (hav
ing a machine init ial ly built for a certain 
energy wh ich is capable later, wi th com
parat ively modest fur ther expendi ture, of 
operat ing at much higher energy). 

The radical ly new technologies of the 
e lectron r ing accelerator are unl ikely to 
be mastered to the stage where a very 
high energy accelerator could be under
taken wi th conf idence for very many years 
yet. Even its opt imist ic protagonists hesi
tate to give a date in the 1970s. Super
conduct iv i ty does not confront qui te so 
many unknowns and there is great hope 
that pulsed superconduct ing magnets suit
able for a synchrot ron ring could be per
fected 'before this decade is out ' . No-one 
bui ld ing a machine now could go for 
superconduct iv i ty but it is again relevant 
to what we discuss later to recognize that 
superconduct iv i ty is a good long-term bet. 
Computers in accelerator contro l might 
be descr ibed as 'not so much a pro ject 
more a way of operat ion ' . Computers wi l l 
wi thout doubt be used extensively in the 
contro l of any new accelerator but this 
wi l l not have radical repercussions on the 
basic design of a machine. 

Turning now to the life of the Laboratory 
and the relevance of the init ial machine 
design to this l i fe: It is obvious that the 
machine design is cruc ia l to the qual i ty and 
quant i ty of the physics wh ich wi l l be done 
at the Laboratory but let us first look, using 
CERN Meyr in exper ience as an example, 
at how the init ial investment on the 

Annual expenditures during the lifetime of CERN-
Meyrin and their breakdown into component 
parts. The feature which is relevant to the 
present thinking about the 300 GeV Laboratory is 
that the expenditure on the construction of the 
28 GeV proton synchrotron up to 1960 represents 
only about 10 % of the total expenditure. Impro
vements to and around the synchrotron have 
nevertheless meant that the expenditure on 
equipment and buildings represents about 60 % 
of the total expenditure. Experience therefore 
indicates that the design of an accelerator 
should keep in mind future developments so as 
to make them as economic and easy to imple
ment as possible. 

machine f igures in the long-term life of a 
Laboratory (such an analysis is carr ied out 
in much more detai l in the Adams/Wi lson 
paper). 

At CERN Meyr in, about 80 % of the tota l 
expendi ture by 1960 had gone into capi ta l 
expendi ture ( inc luding bui ldings) and c o n 
st ruct ion of the proton synchrotron took a 
high propor t ion of th is. However, by 1970, 
f i f teen years after Jhe start of the Labo
ratory, capi ta l expendi ture sti l l represents 
about 6 0 % of the total and the init ial cost 
of the machine has become quite a small 
propor t ion of the total capital invested 
(about 1 0 % ) . This is because the init ial 
investment has been fo l lowed by others as 
improvements have been made to and 
around the machine to keep the research 
faci l i t ies in step wi th the changing de
mands of the physics. Two of the lessons 
f rom this exper ience are that, (1) Econo
mies in the init ial cost of the machine 
become négl igeable when consider ing the 
cost of operat ing the Laboratory over 
many years and should not therefore weigh 
too heavily if they are going to restr ict 
ser iously the per formance of the machine 
on wh ich the success of the Laboratory 
complete ly depends; (2) Since ' improve
ments ' can absorb a high propor t ion of 
total expendi ture, the init ial design should 
have at least half an eye to making it 
possible, later, to int roduce, in an econo
mical way, such improvements as are fore
seeable. In th is way it may be possible to 
make major advances in the research 
faci l i t ies wi thout the necessity of bui ld ing 
a complete ly new machine, perhaps in
volv ing the expense and compl icat ion of 
a complete ly new Laboratory. In conc lu
s ion, to operate a Laboratory in the most 
economica l way over a long l i fet ime, the 
init ial design, even at comparat ively higher 
init ial cost, should be as f lexible wi th 
regard to future improvement as possible. 

' Improvement ' has meant such things as 
increasing the intensity of the accelerated 
beam, increasing the use of the beam by 
more sophis t icated beam-shar ing and 
beam-transport techniques, using better 
detect ion systems (somewhat d ivorced, 
but not complete ly d ivorced, f rom the 
machine design), addi t ion of s torage 
rings... Al l these are relevant to the d i s -



An example of a 'missing magnet' design put 
forward at Berkeley in 1967. This particular 
design begins with a separated-function 200 GeV 
machine as stage one. The units marked B are 
the bending magnets and the units marked Q the 
focusing quadrupoles. Later it is possible to 
move to a 300 GeV machine as stage two. The 
initial bending magnets are retained and further 
bending magnets, B1, are added. The quadru
poles are replaced by more powerful variants Q7 

(the initial quadrupoles could be retained if they 
are initially designed so that they could be run 
at higher field strengths). 

cussion above but, s ince 1967, there is a 
new possibi l i ty to be added to the list — 
that of increasing the energy of the 
machine. 

In the past, moving to h igher energy has 
always meant bui ld ing a new machine and 
the big jumps in energy have come from 
moving from one generat ion of machine to 
another — from cyclot rons to synchro
cyc lot rons to synchrotrons. At each stage 
machines have been buil t to squeeze the 
maximum out of them in terms of energy 
given a certain amount of money and a 
certain state of development of the techno
logy. For example, the exist ing synchro
trons have used their money to achieve 
the highest d iameter possible, have f i l led 
the c i rcumference wi th magnets and have 
run the magnets to as high a f ie ld as 
possible. This f ixes the peak energy and 
to go higher means to bui ld a new 
machine. 

In 1967 the idea was put forward, by the 
team which had been work ing at Berkeley 
on a design of the USA 200 GeV acceler
ator, that the init ial design could leave 
space around the machine c i rcumference. 

The c i rcumference could be something 
l ike . half- f i l led wi th magnets giv ing a 
certain init ial peak energy. At a later date, 
given more money, further magnets cou ld 
be s lot ted in and the same machine cou ld , 
for example, double its init ial peak energy. 
It is f rom this idea that the phrase 'missing 
magnet ' design comes. 

When the Batavia team got their teeth 
into the f inal design of the USA machine 
they took over the phi losophy of extendib le 
energy but appl ied it in a dif ferent way. 
They sett led for a ring already f i l led wi th 
magnet but, wi th the init ial money, restr ic
ted the instal led power supply such that 
the magnets wou ld operate at someth ing 
less than half their possible peak rat ing. 
At a later date it wi l l be possible to add 
more power supply and operate at a peak 
energy of over 400 GeV at high repet i t ion 
rate. The Batavia machine has been cal led 
a 'missing power' design. 

Thus the '300 GeV Machine Commit tee ' 
had three dist inct possibi l i t ies to examine 
against the background of the general 
considerat ions above: 

(1) A f ixed energy machine such as that 
put forward in the CERN 1964 design 
study 

(2) An extendib le energy 'missing power ' 
machine such as is being bui l t at 
Batavia 

(3) An extendib le energy 'missing magnet ' 
machine such as ini t ial ly proposed at 
Berkeley. 

Each has part icular advantages and dis
advantages to wh ich , for lack of space, 
we can make only cursory reference here. 
(1) is the best buy f o r t he init ial investment 
s ince the design is opt imized throughout 
for the peak energy, but this peak energy 
is f ixed and to c l imb higher means bu i ld 
ing a new machine. (2) can be conver ted 
to higher energy wi th l i t t le d isrupt ion to 
the research programme since the add i 
t ional equipment is mainly external to the 
magnet r ing, but it bui lds in f rom the start 
some potent ial wh ich is ini t ial ly unused 
and it has rather fewer opt ions open for 
future development than (3). (3) can also go 
to higher energy and at each stage has 
very l i t t le unused potential bui l t in, but 
conversion from one stage to another 



For those who have not lost all contact 
with their school geometry this is a 
highly simplified way of seeing how a 
doubling of the number of magnets in a 
synchrotron ring, of the dimensions 
under consideration, has very little 
effect on the paths of the protons. 

We first consider the ring, of radius 
R, half-filled with magnets evenly 
distributed around the circumference. 
Then a proton emerging from magnet 
A passes straight across to magnet B. 
We now move to stage two and fill up 
the entire circumference giving us n 
magnets in all. The proton path is 
now curved through -magnet C and the 
maximum difference in the proton 
paths between stage one and stage 
two is x. 

From the geometry of a circle we get 
that, approximately — 

x . 2 R = I2 

I is given, approximately, by the circum
ference divided by twice the number of 
magnets 

I = 2 7i R/2n 
Then we have 

x .2R = (jiRln)2 

x = n2R/2 n2 

Typical values could be a radius of 
1 km and a total of 700 magnets. Then, 
approximately 

x = 1 cm 
Obviously the actual magnet lattice 
involves much more refined calcu
lations than this but at least our crude 
sums give an idea of how little change 
in proton orbits can be involved in 
moving from an initial peak energy to 
double that energy. 

causes more d isrupt ion of the research 
programme s ince it involves instal lat ion in 
the magnet r ing. 

A deta i led cost analysis of the three 
possibi l i t ies swung the emphasis onto the 
missing magnet design s ince it showed 
that, if we are wi l l ing to buy the possibi l i ty 
for future development, the missing mag
net is the most economica l design. 

We now turn to examine the missing 
magnet idea in a l i t t le more detai l so as 
to see how it achieves the energy jump 
and how it makes avai lable a variety of 
fur ther developments. The Berkeley pro
posal came f rom A. A. Garren, G. R. Lam-
bertson, E .J . Lofgren and L Smith and 
was publ ished under the t i t le 'Extendible 
energy synchrot rons ' in Nuclear Instru
ments and Methods 54 (1967) p. 223. At 
Berkeley itself the proposal got the nick
name 'Extendatron ' . 

They cons idered conversions f rom a 
200 GeV machine to a 300, 400 or 500 GeV 
machine as examples of what could be 
done and also considered separated 
funct ion var iants and hybr id variants (be
ginning wi th a combined funct ion machine 
and adding separated funct ion bending 
magnets and quadrupoles) . One of the 
more modest possibi l i t ies, 200 to 300 GeV 
separated funct ion, is shown in the d ia
gram on the previous page. 

The vital aspect, wh ich is not imme
diately obvious, is that, wi th the machine 
d imensions under considerat ion, even for 
a doubl ing of the energy (by doubl ing the 
number of bending magnets and thus 
doubl ing the bending radius) the paths of 
the part ic les di f fer by something of the 
order of cent imetres in the radial d i rect ion 
between the two stages. Thus the same 
ring tunnel and probably the same vacuum 
system could be used and only very smal l 
ad justments wou ld be needed to the po
si t ions of the ini t ial ly instal led magnets. 

CERN reinvented the idea in a round
about way. When studying the cost com
parisons between separated funct ion and 
combined funct ion latt ices it was realized 
that the cost of the machine does not 
c l imb steeply wi th radius. For example 
a 25 % increase in radius gives about a 
6 % increase in cost. If we are wi l l ing to 

cut init ial magnet costs (accept ing a 
s l ight ly lower init ial energy) we can have 
a much b igger c i rcumference for the same 
total cost. Then there is lots of room for 
adding magnets at a later stage. 

The total sum of money which is Ijkely 
to be made avai lable in Europe over the 
const ruct ion per iod of the machine is 
known. It was 1776 mi l l ion Swiss f rancs 
at 1967 pr ices at Jhe t ime of the last 
ECFA report. This was t r immed to 1335 
MSF fo l lowing the dec is ion of the United 
K ingdom government not to jo in the pro
ject , most of the savings coming f rom the 
p lanned exper imenta l faci l i t ies. At 1969 
pr ices the f igure was 1431 MSF and 6 5 % 
of this (933 MSF) was scheduled for the 
machine. About 5 0 % of the machine mo
ney, 470 MSF, is earmarked for the main 
r ing. Obviously, it is possible to manoeuvre 
these f igures wh i le st i l l adher ing to the 
total budget but they give a good idea of 
costs f rom wh ich to see the inf luence of 
select ing a missing magnet design. Se
veral designs have been made and costed 
and compared wi th f ixed energy and miss
ing power var iants. A typical possibi l i ty 
for a missing magnet design is to bui ld a 
r ing 3 km in d iameter (compared wi th 
Batavia's 2 km and CERN 64's 2.4 km) 
instal l ing magnets to give an init ial energy 
of 250 GeV. 

Let us take this energy of 250 GeV as 
an example of what might be stage one 
and see what are the opt ions for future 
development through to the end of the 
century. We should stress however that 
such developments need not necessari ly 
fo l low. That wi l l depend on the cont inuing 
interest of the physics cal l ing for h igher 
energies and, of course, on the readiness 
of Europe to support the developments. It 
is therefore essential that each stage be 
comple te in itself, not depending upon 
going further, and economic in its use of 
the capi ta l invested and in operat ing costs. 

There are three opt ions open for stage 
two. The f irst is to doub le the number of 
magnets and double the avai lable power 
g iv ing a 500 GeV machine capable of 
operat ing at the same repet i t ion rate. The 
second is to doub le the number of mag
nets wi thout add ing more power giving a 



The most likely options for future development 
beginning with an accelerator of missing magnet 
design with an energy of 250 GeV (taken as an 
example). If the interest of the physics called for 
it, the machine could subsequently be raised to 
500 GeV with the installation of further magnets. 
If superconducting accelerator magnets become 
available the ultimate energy could be 1000 GeV. 
Storage rings could be added at any stage. 

A possible site layout showing the addition of 
intersecting storage rings (either a small version 
inside the main ring or a large version outside). 
Beam ejection points, E, are marked as are 
beam-lines, B, to possible experimental areas. 
Such a configuration, or modifications of it, will 
fit onto any of the sites under consideration. 

500 GeV machine operat ing at a lower 
repet i t ion rate. The th i rd is to install 
superconduct ing magnets (if by that t ime 
the necessary technology has been ma
stered) to swi tch off the convent ional 
magnets and to reach 500 GeV by runn
ing the superconduct ing magnets at tw ice 
the magnet ic f ie ld level of the conven
t ional magnets. 

If successful operat ion was achieved 
wi th superconduct ing magnets a th i rd 
stage would then open up where the 
convent ional magnets wou ld be removed 
and replaced by fur ther superconduct ing 
magnets giv ing a machine of 1000 GeV. 
Another way of reaching th is energy (more 
expensively but w i th the secur i ty of hav
ing a convent ional machine to fal l back 
on) wou ld be to use the init ial r ing to 
feed a separate concent r ic superconduct 
ing r ing. 

Finally the addi t ion of s torage r ings at 
one or other of the stages cou ld give 
energies equivalent to those avai lable 
f rom machines of 125 000 GeV (from 
stage one) to 2 000 000 GeV (from stage 
three). These possibi l i t ies for develop
ment are summar ized in the d iagram. It 
is obvious that the missing magnet design 
gives except ional f lex ib i l i ty for future 
improvements. 

The f inal design of the 300 GeV 
machine wi l l take place only when the 
si te of the new Laboratory is known and 
the project is author ized to go ahead by 
CERN Member States. It wi l l take into 
account the part icu lar features of the site, 
the prevai l ing state of the market for 
accelerator components and the latest 
developments in technology. No-one can 
say yet what type of machine wi l l be 
buil t . The missing magnet design is cur
rently highly favoured but studies and 
compar isons are cont inu ing. What this 
ar t ic le has t r ied to br ing out is that there 
are plenty of new and exci t ing possi 
bi l i t ies fac ing the 300 GeV Laboratory. 



CERN News Diagram illustrating the principle of the 
combined helium 3 and helium 4 cryostats. The 
separation of the two circuits (helium 3 and 
helium 4), the co-axial structure and the arrange
ment of the heat screens can be seen. The 
centre section, the helium 3 cryostat, can be 
withdrawn for refilling the target cavity at 77° K. 

Polarized targets 
cooled to 0.5° K 
Two polar ized proton targets have been in 
use at CERN since 1965. The f irst mater ial 
to be used was lanthanum magnesium 
nitrate (LMN) cooled to 1° K by an open 
c i rcu i t of hel ium 4 achieving about 6 5 % 
polar izat ion. The targets were later im
proved by the use of sol id i f ied a lcohols : 
ethanol in 1966, and butanol in 1968 (both 
t r ied for the f irst t ime at CERN). This 
provided targets conta in ing twice as many 
polar ized protons as LMN, for the same 
vo lume, and five t imes less protons bound 
in complex nucle i , wi th the result that in 
certa in exper iments the background could 
be considerably reduced. A l though polar
ization was only about 3 8 % at 1 °K , the 
advantage of the lower background was 
such that, s ince the beginning of 1969, 
butanol has. been preferred for both CERN 
targets. 

The polar izat ion of these targets can 
be increased sti l l further, ei ther by lower
ing the temperature or by increasing the 
magnet ic f ie ld. Fol lowing studies a imed at 

reducing the operat ing temperature, CERN 
has now produced two butanol targets of 
the usual size (45 mm long and 15 mm in 
diameter) cooled to 0.5° K in a bath of 
hel ium 3 and polar ized to 6 5 - 6 8 % . (An 
art ic le wi l l appear in Nuclear Instruments 
and Methods: 'Organic Polarized Proton 
Targets, using a cont inuous f low He 3  

cryostat ' by P. Roubeau, J . Ezratty and 
H. Glâtt l i f rom Saclay and J . Vermeulen 
and M. Borghin i f rom CERN.) Develop
ment of the coo l ing system has been a 
jo int effort by the CERN Polarized Targets 
Group and the Saclay Physics of Sol ids 
and Magnet ic Resonance Department. 

These targets are now in use — the f irst 
for a posit ive kaon-proton scat ter ing 
exper iment around 1 GeV/c, and the 
second for a proton-proton scat ter ing 
exper iment at 17.5 GeV/c and K~ p and 
K~ p scat ter ing at 14 GeV/c. With these 
targets the stat ist ical accuracy of the 
exper iments has been improved by a factor 
of about three. New exper iments wi th low 
count ing rates are now possible, such as, 
for example the study of the K ~ p - > K ° n 
charge exchange, or pion backward scat-

ter ing at high energy. Both of these exper i 
ments are being prepared at CERN. 

Design of the system 

The targets conta in beads of frozen 
butanol enc losed in a metal container, 
wh ich is located in a 25 kG magnet ic 
f ield and subjected to microwaves of 
70 000 MHz. Cool ing is by two separate 
c i rcui ts : an open H e 4 system, of the 
l iquid-gas type, wh ich provides cool ing to 
1 ° K and cools the heat shields, and a 
c losed He 3 system, of the gas- l iquid-gas 
type, wh ich lowers the target 's temperature 
to 0.5° K. (He 3 is a rare and cost ly gas and 
its use in a c losed c i rcu i t ensures that the 
losses are négl igeable.) The main ad
vantage of He 3 over H e 4 is that its vapour 
pressure is higher at a given temperature ; 
conversely, its temperature is lower for a 
given vapour pressure. We thus have, for 
a pressure of 0.1 torr, a temperature of 
0.47° K wi th He 3 compared with 1 ° K with 
He 4 . 

The H e 4 and He 3 c i rcui ts form two 
separate sub-assembl ies each of wh ich 
is housed in its own pumping tube ; this 
means that they can be easily kept apart 
and there is therefore no danger of mix ing 
the He 3 w i th the He 4 . The thermal contact 
between these c i rcui ts is by conduct ion 
through coaxial cy l indr ica l elements s l id 
ing wi th in each other. 

Complete ly separat ing the systems has 
made it appreciably easier to solve leak
age problems, as wel l as to overcome 
di f f icul t ies wi th the heat shields and when 
f i l l ing the conta iner at the temperature of 
l iquid n i t rogen wi th the beads of sol id i f ied 
butanol . 

The l iquid H e 4 passes through an ex
pansion valve, after wh ich it evaporates as 
a result of a 0.1 torr depression provided 
by a high-speed pumping system 
(3600 m 3 /h) and its temperature is brought 
to 1° K. The gaseous He 3 is steadily cooled 
to 1 ° K in the heat exchanger, unti l it 
l iquef ies ; in this case too, the gas is sub
jec ted to a depression of up to 0.1 torr as 
a result of being pumped through a ca l i 
brated leak by a pumping system wi th an 
output of 250 m 3 / h , and its temperature 
fal ls to 0.5° K. 



Simplified diagram of the new r.f. accelerating 
system for the 28 GeV proton synchrotron. The 
indications are as follows: (1) ferrite rings 
(20 per half-cavity), (2) tuning current out, 
(3) capacitors for the separation d.c. - r.f., 
(4) accelerating gap (10 kV peak), (5) tuning 
current in, (6) water cooling input, (7) water 
cooling out, (8) r.f. amplifier, (9) cooling water. 

New accelerating 
system for the PS 
The r.f. accelerat ing system now in use 
on the 28 GeV proton synchrot ron is that 
wh ich was instal led when the machine 
was constructed in the 1950s. However it 
has been possible to change many 
aspects of its per formance over the past 
ten years and this has contr ibuted con
s iderably to the increase in proton beam 
intensity and improvement in beam qua
lity avai lable f rom the PS. The scope for 
fur ther adapt ion of the system has now 
become very smal l and, to cope part i 
cular ly wi th the planned fur ther increase 
in beam intensity, it has been dec ided to 
install new cavit ies of a di f ferent type. 

The energy needed to accelerate the 
proton beam is suppl ied by radio-fre
quency ampl i f iers via cavit ies in the syn
chrot ron r ing. The tuning of the cavit ies 
is achieved in the PS by a core of ferr i te 
r ings, whose inductance can be inf luenced 
by a magnet ic bias f ie ld . The high losses 
in this core must be made up by the r.f. 

ampl i f ier, so that the total r.f. power con
sists of power given to the beam plus 
power dissipated in the cavity. 

In the present system, almost the whole 
ampl i f ier output power is d iss ipated in 
the cavit ies. The accelerat ing vol tage of 
10.2 kV peak per stat ion represents a 
l imit imposed by both the present ampl i 
f iers and the cavi t ies: the ampl i f iers and 
associated suppl ies can just del iver the 
cor responding ferr i te power wi thout re
serves for a more intense beam; also, 
the cavity cool ing system cannot handle 
an increased dissipat ion. 

Future PS operat ion, when the Booster 
comes into service, wi l l require power to 
cope wi th a higher intensity beam. In 
addi t ion, the accelerat ing vol tage must be 
raised to shorten the t ime needed for 
accelerat ion as wel l as to provide higher 
stored energy (to keep beam-loading 
effects low). 

The major requirements for the new r.f. 
system (for 2 X 10 1 3 protons per pulse) 
are as fo l lows — the corresponding 
f igures for the exist ing system (at 10 1 2 

protons per pulse) are given in brackets : 

Acce lera t ing vol tage per stat ion of 2 half-
cavit ies — 2 X 10 kV (2 X 5.1 kV); Beam 
power per stat ion at the stable phase 
angle of 30° — 15.3 kW (0.382 kW); Cavity 
losses — 34 kW (4.8 kW); Total ampl i f ier 
power — 49.3 kW (5.2 kW). 

Another aspect of the increased beam 
intensity wi l l be the increase in radiat ion, 
wh ich is expected to go up by about a 
factor of f iye. The result ing higher fa i lure 
rate of components combined wi th the 
aggravated problems of serv ic ing requires 
that a max imum of equipment be po
si t ioned outs ide the ring tunnel . It has 
been dec ided to posi t ion only the new 
cavit ies and associated f inal power stages 
in the tunnel and to locate all suppl ies, 
contro ls and preampl i f iers in a separate 
bui ld ing in the ring centre. 

The key parameters of the new system 
are: 

— 13 cavit ies in the r ing, produc ing a 
total peak vol tage of 260 kV; 

— f requency range 2.8-10 MHz wi th ca
vit ies tuned by a centra l ized servo 
system; 



Prototype of the new type of r.f. accelerating 
station under test at CERN. 
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— maximum rate of change of f requency 
500 MHz/s. 

A prototype station has been developed 
at CERN around these f igures. The main 
problem was to double the stat ion vol tage 
wi th a f ixed cavity length, given by the 
d imensions of the long straight sect ions. 
To reduce the magnet ic f lux densi ty and 
consequent ly the losses, larger ferr i te 
r ings have to be used. Their outer d ia
meter of 440 mm is near to the present 
technolog ica l l imit of ferr i te manufactur
ing, wh ich co inc ides approximately in this 
appl icat ion wi th the electr ical l imit given 
by the c i rcumferent ia l resonances. Even 
wi th the ferr i te cross-sect ion thus in
creased, the high magnet ic induct ion 
wou ld only have permit ted pulsed oper
at ion because of excessive losses of the 
present ferr i te material (4H) at the low 
f requency end ; an improved mater ial (4L), 
wh ich al lows cont inuous operat ion for 
test purposes, was therefore adopted. 
The power density is nevertheless s ign i 
f icant ly increased and the prob lems of 
ef f ic ient cool ing and of equal power 
d is t r ibut ion are dominant. 

The ferr i tes are biased by the high 
current f rom the tuning system wh ich 
f lows di rect ly through the central con
duc to r of the cavity. This method ensures 
the best symmetry of the bias and thus 
op t imum power d is t r ibut ion. To be able 
to in ject this tuning current at ' co ld ' (r.f. 
free) points of the cavity, two half-
cavi t ies are grouped together, connected 
in paral lel for the r.f. but in series for the 
bias. 

The magnet ic stray f ield of the 3000 A 
bias current must be small enough not to 

disturb the beam. A system of two bus
bars at the top and at the bottom of the 
cavity is therefore used. 

Since the magnet ic qual i ty of the ferr i tes 
drops considerably wi th increasing temper
ature, the cool ing water should be at the 
lowest possible temperature. No secon
dary dist i l led water c i rcui t has therefore 
been des igned; the whole cavity can be 
considered as a heat exchanger- using 
the normal water supply wi th the add i t ion
al benefit that pumps etc. are not 
necessary. 

The f inal ampl i f ier is housed in the 
cavity base and consists essential ly of a 
single power tet rode and associated com
ponents. Al l other equipment is con
centrated in the central bui ld ing and con
nected via cables of approximately 180 m 
length. 

The whole system is of modular design 
for rapid exchange of defect ive sub
groups. To increase the rel iabi l i ty, semi 
conductors instead of vacuum tubes are 
used wherever possible. Since in addi t ion 
most of the equipment wi l l be accessib le 
dur ing operat ion, down-t ime of the im
proved system should be much lower 
despi te the almost tenfold increase in out
put power. 

The contract for the del ivery of most 
of the hardware has been placed : 
Siemens AG wi l l furnish the cavit ies and 
ampl i f iers; 8 cavit ies wi l l be instal led 
dur ing the shutdown early in 1972, giving 
roughly the same energy gain per turn as 
the present equipment. A further f ive 
stat ions are scheduled to be instal led by 
October 1972 dur ing the machine servic ing 
per iods. 

Monitoring radioactivity 
A large number of detectors set up 
around the CERN site give a cont inuous 
reading of the 'd i rect ' radiat ion (produced 
by the emission of part ic les f rom the 
accelerators) . They have shown that the 
dose level outs ide the restr icted areas is 
v i r tual ly negl ig ib le. More attent ion is now 
being given to the ^observation of induced 
radioact iv i ty, f rom materials which have 
been i r radiated by d i rect radiat ion. 

Induced radioact iv i ty can spread via 
dust f rom these i r radiated materials in 
suspension in air or water, or via mud, 
metal f i l ings, factory waste, etc. Dusts are 
the most t roublesome since some of them 
can be inhaled or ingested. They can 
come to rest permanent ly in t issue or 
bone, where they const i tute radiat ion 
emit ters capable of affect ing the body 
cel ls. This is part icular ly true of sub
stances such as iodine or st ront ium. 

A l though most mater ials become radio
act ive under the act ion of d i rect radiat ion, 
not all forms of radioact iv i ty are equally 
dangerous. The hazard varies depending 
on the chemica l nature of the mater ial , 
on the type of emission (alpha, beta or 
gamma) and on the radioact ive half- l i fe. 
A lpha radiat ion, consist ing of heavy, low-
energy part ic les, can be stopped by a 
smal l quant i ty of matter (a few cent i 
metres of air). It is not therefore danger
ous as an external source of radiat ion, 
but, once absorbed by the organism if the 
chemica l nature of the substance is ap
propr iate, its destruct ive power over a 
smal l area is t remendous. The materials 
subject to pr imary radiat ion at CERN are 
not alpha emit ters, wh ich need a very 
heavy nucleus l ike uranium. 

The only isotopes l ikely to form a 
hazard, therefore, are those emit t ing beta 
and gamma rays. The half- l i fe of many 
isotopes formed f rom substances which 
are abundant in nature, such as ni t rogen, 
oxygen, hydrogen, and carbon, is so short 
that their radioact iv i ty becomes negl i 
g ib le a very brief t ime after their for
mat ion. Other substances have a long 
half- l i fe, but fo l lowing the law that the 
radioact iv i ty is weaker the longer the 
half- l i fe, thei r radiat ion is weak in their 
usual concentrat ions. 



Prototype of a surface dose meter designed 
by the Health Physics group. A small (1 cm?) 
scintillator is placed on a probe and can measure 
radioactivity from small surface areas. It can 
detect beta and gamma rays and its sensitivity 
can be set between 30 mrad/h and 100 mrad/h. 

The new detector for high energy (over 20 MeV) 
radiation developed by the Health Physics 
group. Cylinders of a plastic material with a 
high carbon 12 content are introduced. The 
carbon 12 under the effect of previous exposure 
to high energy radiation can be converted into 
the radioactive isotope carbon 11 which gives 
off gamma rays. In the detector the cylinder acts 
as a scintillator revealing its own radiation. This 
is observed by a photomultiplier tube and 
recorded on punched tape. Thick walls shield 
against background radiation. 

The most important substances, taking 
account of their concentrat ions, are those 
wi th a medium half- l i fe, ranging f rom a 
few hours to a few months; for example 
bery l l ium 7 (a spal lat ion product of oxy
gen and ni t rogen in the atmosphere) wi th 
a half- l i fe of 54 days. 

Since the CERN accelerators were f irst 
commiss ioned, per iodic measurements of 
the induced radioact iv i ty of substances in 
suspension in air and in water have been 
made. These measurements have invar iab
ly conf i rmed that such radiat ion has 
remained very low — of the order of 1 % 
of the maximum concentrat ions permit ted 
by the Swiss safety standards. The level 
is, in fact, so low that more sensit ive 
equipment than that usually marketed has 
to be used. Recently, however, f i rst ly to 
increase our knowledge of the mecha
nisms for the product ion of radiat ion from 
induced radioact iv i ty and secondly to 
ensure that the radiat ion wi l l never exceed 
the speci f ied l imits even when the inten
sity of the machines is considerably 
increased, it was dec ided to set up 
cont inuous detect ion stat ions on the site. 
They are intended on the one hand to 
check the dust suspended in the air and 
on the other to test all the water used on 
the site before it is a l lowed to f low away 
as waste. 

A f irst cont inuous air detector has been 
instal led on the roof of Bui ld ing 28. Two 
stat ions to monitor the waste water wi l l 
start operat ing short ly. High-capaci ty 
f i l ters are used to co l lect specimens of 
a i r -suspended dust and the specimens are 
analysed after a per iod long enough to 
al low short- l ived isotopes to decay. In the 
case of the waste water, samples wi l l be 
taken and tested after evaporat ion. The 
samples are set before beta and gamma 
counters, either of the scint i l la tor or 
semiconductor type. 

The air moni tor has already provided 
its f i rst results. 

With regard to overal l beta and gamma 
act ivi ty it had been impossib le previously 
to d iscover any corre lat ion between 
radioact iv i ty in the air and accelerator 
operat ion. However, a def in i te reduct ion in 
act iv i ty can now be observed dur ing 
of f ic ia l hol idays even when the acceler-
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ators cont inue to operate, and this indi 
cates that natural radioact iv i ty in dust f rom 
the ground, swept up by civi l engineer ing 
work and by traff ic, plays a b igger part in 
this respect than the CERN machines. 

Beryl l ium 7 is the only substance 
present in the air which can be regarded 
as being due to machine operat ion. The 
level detected is, however, so low that 
the results are di f f icul t to interpret. Studies 
have nonetheless encouraged the improve
ment of the equipment ready for the 
machine intensity increases. 

Three new instruments 

For some months, the Health Physics 
group has been using a s imple method 
for moni tor ing di rect high energy radiat ion 
in the vic in i ty of the two CERN acceler
ators. The method involves p lac ing, in the 
area where measurements are needed, a 
t ransparent plastic b lock (polyvinyl to
luene) wh ich is r ich in carbon. Carbon 12 
can be t ransformed by radiat ion (neutrons, 
protons or pions) into the radioact ive 
isotope carbon 11. The polyvinyl to luene 
then acts as a scint i l lator detect ing its 
own radiat ion. Using a photomul t ip l ier 
and count ing the number of emissions 
per second, the induced radioact iv i ty, 
wh ich itself depends on the d i rect radi
at ion, can be deduced. 

As the product ion threshold for carbon 
11 is 20 MeV, only high energy radiat ion 
is registered. A disadvantage is that the 
plast ic b locks have to be t ransferred from 
their exposure point to the counter but the 
half- l i fe of carbon 11 is 20.4 minutes and 
this is not a great prob lem. The counter 
itself compr ises a th ick-wal led chamber 
(to stop background radiation) wh ich is 
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complete ly l ight-proof and inside wh ich a 
photomul t ip l ier is p laced. The b lock is 
brought into c lose opt ical contact wi th the 
photomult ip l ier . 

When measurements are taken, the 
correct ions usually made with act ivat ion 
detectors (radiat ion t ime and t ime elapsed 
between complet ion of radiat ion and 
measuring) have to be taken into account . 
An automat ic tape punching machine and 
a typewr i ter are l inked to the detector, so 
that the data can be recorded and sub
sequent ly processed by computer . 

Another instrument developed in the 
group is a dosimeter wh ich is able to 
measure doses at very short d istances. It 
checks that doses absorbed by the hands 
when handl ing radioact ive components do 
not exceed the doses received by the 
whole body (checked by f i lm badges). 
This instrument is proving very useful as 
the age of the accelerator components 
increases. Acce lera tor parts were once 
machined f rom new metal , but machin ing 
is now increasingly being done on o ld 
machine parts wh ich are fair ly radioact ive. 

The detector element is a th in sc in t i l 
lator (0.4 mm) wh ich is sensit ive to both 
beta and gamma radiat ion. It is smal l in 
area (1 cm 2 ) so that it can be p laced in 
contact wi th the i r radiated components , 
even when these are of smal l d imensions. 

Another new instrument is a gamma 
radiat ion detector whose element is a 
semi-conductor of unusual ly large vo lume; 
it therefore possesses the very high 
resolving power common to this type of 
detector (2.5 keV) but, because of its 
volume, it is in addi t ion extremely sen
sit ive. The semiconductor is composed of 
l i thium doped germanium. 



Graphs from a sample of dust collected late 
March from 5200 m3 of air on the CERN site. 
Above is the curve from a conventional 
detector; below is the curve from a new gamma 
detector using lithium doped germanium. The 
new detector combines sensitivity with very good 
energy resolution — about a dozen isotopes can 
be identified from the curve without the need 
for prior chemical separation. 

Almost all the detected isotopes come from 
fall-out, natural radioactivity, or are produced by 
cosmic radiation. Only a small percentage of 
beryllium 7 (from spallation of nitrogen and 
oxygen in the air) is caused by the accelerators. 

The advantage which the semiconduc
tor has over scint i l lat ion detectors is that 
the electrons l iberated by ionizat ion dur
ing the passage of the ionizing part ic les 
are p icked up direct ly, g iv ing rise to an 
e lect r ic current which can be ampl i f ied . 
Thus the semiconductor by-passes the 
Might' stage of the scint i l lator and a very 
high resolving power is obta ined. On the 
other hand, semiconductor detectors are 
usually small in volume owing to the high 
cost of the Ge (Li) and are consequent ly 
less sensit ive than detectors such as 
sc int i l la tors of the sodium iodide type. 
The equipment recently acqui red by 
CERN has a detector element whose 
useful vo lume is 44 c m 3 and wh ich pro
v ides a high degree of sensit ivi ty. 

Experiments in heavy 
liquid chamber 
Since the spr ing of 1969, the CERN 1.2 m 
heavy l iquid bubble chamber has been 
used for two exper iments suppl ied by the 
k11 beam. 

The f irst (T134) used 1.1 GeV/c posit ive 

kaons, and took 700 000 photographs to 
study their decay by the mode K + - > j t ° e + v 
in propane. The second (T133) used 
negative kaons of energies f rom 800 to 
1050 MeV and took 1 300 000 photographs 
to investigate the K~p^Y* interact ion in a 
5 0 % p r o p a n e / 5 0 % freon mixture. 

The first exper iment, carr ied out by 
Aachen, Bar i , Brussels and CERN, is 
essential ly a cont inuat ion of the study of 
the K + d e c a y s giv ing three part ic les inc lud
ing leptons wh ich was started in 1965 by 
the 'X2 col laborat ion ' . The behaviour of 
the decays: 

K + -w i .Vv 
K + - > J t ° e + v 

is determined by two so-cal led fo rm-
factors, f + and f-, wh ich are unique 
funct ions of the neutral pion energy. 

The o ld X2 exper iment was carr ied out 
in C2F5CI ( radiat ion length about 25 cm) 
and was designed to study the K + decay 
and especial ly T invariance conservat ion 
in this decay. This decay mode, though 
very interest ing, restr icts one to an 
accurate determinat ion of the ratio of the 
form-factors f" / f + only. In order to de

termine f + d i rect ly it is necessary to 
study the exact form of the neutral pion 
spect rum in the K + decay. Such a study is 
very di f f icul t f rom the X2 photographs 
due to the fact that the gamma rays f rom 
the instantaneously decaying it° can only 
be measured to an accuracy of 25 % . In 
using propane (radiat ion length 100 cm), 
this error is reduced by a factor of 3 and 
hence al lows a much more accurate 
determinat ion of fhe jt° spectrum. This 
exper iment should y ie ld the most accu 
rate determinat ion of f + to date. 

The second exper iment, carr ied out in 
1969 by a CERN, Brookhaven, Ecole Poly-
technique, Orsay, Turin group, also used 
a negative kaon beam wi th the chamber 
f i l led wi th a 50/50 mixture of propane and 
f reon. 

The aim was to investigate the for
mat ion react ion K~p^Y* at an incident 
par t ic le energy vary ing between 0.8 and 
1.05GeV/c, giv ing masses between 1.6 
and 1.8 GeV for the resonances Y*. 

It was not a product ion but a format ion 
exper iment in the sense that the energy 
of the incident part ic les was used entirely 
for the format ion of the resonance. Such 
is not the case in product ion exper iments, 
where the energy of the incident part ic les 
produces both the resonances Y* and 
other part ic les. 

The neutral decay of a Y* gives the 
fo l lowing two types of react ion: 

Y* ->2° j t ° ( 2 ° ^ A ° Y and J T ° ^ Y Y ) 

Y * ^ A ° j t ° j t ° ( J t ° - > Y Y ) 

Y* resonances wi th this type of decay 
have zero isotopic sp in. 

Because of the short radiat ion length 
(30 cm) in the propane-freon mixture, the 
many gammas result ing f rom the neutral 
part ic les can mater ial ize inside the 
chamber as e lectron-posi t ron pairs, wh ich 
wou ld not be seen in a hydrogen chamber, 
where the radiat ion length is much 
longer. The exper iment was completed in 
February 1970 and scanning is now in 
hand. 

Dur ing the per iod before the large heavy 
l iquid bubble chamber, Gargamel le, be
gins operat ion (this chamber wi l l be using 
part of the beam line supply ing the 1.2 m 
chamber) , there is t ime for a further 



exper iment. It uses the beam m10 (posi
t ive pions at 3.5 GeV/c) into a pro-
pane/f reon mixture (giving a radiat ion 
length of 30 cm). The purpose of this 
exper iment, wh ich is being carr ied out by 
a Bergen, Ecole Polytechnique, Orsay, 
Strasbourg co l laborat ion, is to examine 
j t j t interact ions (which cannot be studied 
direct ly) by an indi rect method using the 
j t + p ^ N * + + j t ° j t ° react ion. 

It may be assumed that when the j t + p 
col l is ion occurs and the N* resonance is 
fo rmed, a vir tual negat ive pion is pro
d u c e d which combines wi th a posit ive 
incident pion to produce ei ther a j t + and 
JI~ or j t ° . 

The quest ion is to look deeply into the 
interact ion and the existence of jwc reso
nances to f ind out whether there is a 
resonance associated wi th the charge-
exchange react ion. This is, indeed, ind i 
cated by theoret ical s tudies. It wou ld 
involve very short- l ived resonances of 
zero isotopic spin, presumed to have a 
mass of about 750 MeV. 

The basic measurement in th is exper i 
ment is the d i rect ion of the momentum 
of the gammas (seen when they produce 
electron-posi t ron pairs) result ing f rom the 
decay of the two neutral pions. If the 
existence of a resonance associated wi th 
the charge exchange react ion is con
f i rmed by this exper iment, it w i l l be possi 
ble to pursue the study at h igher energies 
in Gargamel le. 

European Molecular 
Biology Conference 
A very successful session of the Euro
pean Conference on Molecu lar Biology 
was held at CERN on 6-8 Apr i l . For the 
f irst t ime the Conference was meet ing 
' formal ly ' ; as f rom 2 Apr i l 1970 suff ic ient 
European governments had rat i f ied the 
agreement sett ing up the Conference 
for it to move f rom provis ional to formal 
status. The Member States are now 
Austr ia, Denmark, France, Federal Repu
bl ic of Germany, Nether lands, Norway, 
Sweden, Switzer land, and UK. Rat i f icat ion 
procedures are underway in Greece, 
Italy and Spain. In add i t ion it was 
agreed, in the course of the meet ing, to 
admi t Israel as ful l member of the Confer

ence. Israel 's support , both f inancia l and 
scient i f ic , has been considerable f rom the 
beginning. Close relat ions are being 
establ ished also wi th the Belgian Fonds 
National de Recherche Scient i f ique wh ich 
wi l l assume the f inancial obl igat ions wh ich 
would otherwise have been taken up by 
the Belgian government. To complete the 
membership rol l -cal l , Finland has been 
invited to send an observer to the Confer
ence. 

Tak ing administrat ive matters f i rs t : the 
fo l lowing off icers were elected for one 
year — H. Voir ier, President (Switzer
land); A. Al l ine, Vice President and Chair
man of the provisional Finance Commit tee 
(France); C. Zel le, Vice President (Federal 
Republ ic of Germany). J . C. Kendrew 
(UK) was elected Secretary General of 
the Conference for three years. A budget 
of $ 632 000 was agreed for 1970 (expen
di ture for 1970 is foreseen as $ 714 000 
using, in addi t ion, some funds already 
accumulated) . A provisional sum for 1971 
was accepted as just under $ 1 mi l l ion 
wi th a growth rate of about 20 % for the 
two fo l lowing years. Contr ibut ions f rom 
the Member States wi l l be assessed, as 
are those at CERN, on the basis of UN 
stat ist ics of net national revenue. 

Scient i f ic act ivi t ies, both those al ready 
implemented in 1969 and those foreseen 
for 1970-1971 were covered by M. Eigen 
the President of the European Molecular 
Biology Organizat ion (EMBO) wh ich is 
effect ively the execut ive arm of the 
Conference. EMBO has concentrated on 
implement ing high level study and t ra in 
ing in molecular biology in Europe. For 
example the major i tems in the budget 
for 1970 are — Fel lowships ($ 524 000), 
Courses and workshops ($76 000), Mana
gement ($55 000). The Conference itself 
absorbs only about 5 % of the budget . 

Even before the creat ion of the Confer
ence, EMBO and individual scient ists had 
been urging that a European Laboratory 
for Molecular Biology should be esta
b l ished. The purpose of such a Labo
ratory wou ld be to br ing together in one 
centre the many d isc ip l ines wh ich are 
involved in the pursuit of molecular b io
logy. This is extremely di f f icul t to achieve 
on the scale of University research 
depar tments. Another major task of the 

Laboratory has received more emphasis 
in recent d iscussions — this is the 
development of sophist icated instrumen
tat ion such as an advanced electron 
microscope and an intense source o1 
X-radiat ion for d i f f ract ion studies of mo
lecular s t ructure. In a s imi lar way to the 
way in wh ich CERN operates, the Labo
ratory is seen as a research centre wi th 
l imited 'permanent ' sc ient i f ic staff, to 
wh ich v is i f ing scient ists wou ld come to 
carry out short- term or medium term 
exper iments, in a mul t i -d isc ip l inary en
v i ronment wi th f i rst class equipment, and 
then return to their home countr ies. The 
long-term evolut ion of the Laboratory is 
not being def ined too precisely at the 
outset to enable the Laboratory to adjust 
to the rapid developments in molecular 
b io logy. 

A new deta i led proposal concern ing the 
establ ishment of such a Laboratory was 
presented to the Conference and was 
warmly we lcomed by many delegat ions of 
the Member States. It has not yet been 
examined by the governments but there is 
a strong conv ic t ion in the sc ient i f ic com
munity that such a Laboratory is of vi tal 
impor tance for the future of molecular 
b io logy in Europe. The Conference set up 
a Work ing Group to pursue the study of 
the proposed Laboratory and to make 
recommendat ions at the session of the 
Conference to be held on 26, 27 November 
1970. 



Around the Laboratories 

SACLAY 
Mirabelle ready to move 
Mirabel le , the large hydrogen bubble 
chamber built by the Elementary Part ic le 
Physics Department of the CEA is being 
d ismant led for removal to the Serpukhov 
76 GeV accelerator where exper iments 
wi th the chamber are due to start f rom 
the middle of 1971. The chamber was 
of f ic ia l ly inaugurated on 18 March at a 
ceremony held in the presence of the 
Soviet Ambassador to France, V. A. Zor in . 

From 1965, when var ious laborator ies 
were consider ing plans for giant bubble 
chambers , there were d iscussions be
tween the Institute for High Energy 
Physics (Serpukhov) and Saclay on jo int 
physics exper iments at the Soviet acceler
ator (then due to come into operat ion in 
1967), and, Jn 1966, a Franco-Soviet agree
ment was s igned. The agreement speci f ied 
that a large bubble chamber wou ld be 
bui l t at Saclay and instal led at Serpukhov 
to be used for col laborat ive exper iments. 
It gave French physicists the possib i l i ty 
of work ing wi th the highest energy 
accelerator in the wor ld whi le a l lowing 
Soviet scient ists to prof i t f rom Saclay 's 
cons iderable exper ience in the f ie ld of 
bubble chamber construct ion. 

The extent of this exper ience can be 
seen f rom the Table. The largest chamber 
bui l t by Saclay prior to Mirabel le had 
been the 180 litre chamber operated f rom 
1964 to 1967 on the 7 GeV Nimrod acceler
ator at the Rutherford Laboratory under a 

s imi lar exchange agreement wi th the UK, 
and later at Saturne. 

Due to the efforts and enthusiasm of 
the team, lead by P. Prugne, chief eng i 
neer, it was possible to complete the pro
gramme for the construct ion of Mirabel le 
ahead of the schedule laid down in 1966. 

The project ran into di f f icul t ies in 1967 
when an explosion occurred in part of the 
fu l l -scale model . Two months later, the 
model was operat ing again. Final studies 
and manufacture began at the end of 
1967. Two months were lost dur ing the 
t roubles of May 1968; nevertheless test ing 
of the chamber in its f inal form began in 
July, 1969, a month ahead of schedule. 

The agreement laid down that the 
chamber, wh ich costs 37 mi l l ion French 
f rancs, would be operated at Serpukhov 
for at least f ive years by French staff, 
whi le , in return, teams of French physicists 
wou ld take part in the exper iments in 
mixed teams. Serpukhov is providing the 
bui ld ings and water, e lectr ic i ty and hydro
gen suppl ies. Saclay is supply ing the f i lm 
and the two Laborator ies are providing f i lm 
scanning faci l i t ies. CERN, which is supply
ing most of the components for the beam-
line to the chamber (see CERN COURIER 
vol . 10, page 31) may also take part in 
the exper iments. 

Dismant l ing of the chamber began at 
Saclay in Apr i l . Reassembly at Serpukhov 
is scheduled for the f irst half of 1971; it 
should then be possible to carry out the 
f irst exper iments after the accelerator 's 
summer shutdown. However, the actual 
programme is only in draft form and it 
wi l l take on its f inal form after the Franco-

Soviet Scient i f ic Commiss ion, wh ich meets 
tw ice a year, has taken its decis ions. 

Scanning and measuring 

The problems of scanning are being 
examined. The main di f f icul ty is due to 
the fact that each of the eight cameras 
sees only part of the chamber. The best 
solut ion wi l l be found empir ical ly , using 
several tens of thousands of photographs 
taken at Saclay before d ismant l ing of the 
chamber began. They wi l l be analysed 
on a prototype scanning table, 2.7 m long 
and 1.2 m wide, bui l t by a group led by 
J . B. Baton. The scanner can project 
ei ther three v iews f rom the upper bank or 
three f rom the lower bank of cameras 
s imul taneously, w i th a magni f icat ion of 
ten in relat ion to the f i lm in each case. 
It is also possible to project two views 
f rom the central bank of cameras, in 
wh ich case the magni f icat ion is t imes 
twenty. This procedure is envisaged only 
where it is cons idered necessary to exa
mine some complex event in deta i l . 
Exper ience wi th the prototype wi l l enable 
the f inal vers ion, several of wh ich wi l l be 
buil t , to be spec i f ied. Final measurement 
wi l l be possible on HPD, Spiral Reader or 
IEP machines. 

Installation at Serpukhov 

Mirabel le weighs 2000 tons, and the total 
weight , inc luding all the auxi l iary equip
ment, is 3600 tons. Dismant l ing, t ransport
ing and reassembl ing such a huge assem
bly is obviously a labour of Herculean 
propor t ions and wi l l take a year to c o m 
plete. 

The equipment wi l l be taken f rom Paris 
to Le Havre by road, f rom there to Lenin
grad by boat, and then by train f rom 
Leningrad to the exper imental hall at Ser
pukhov. Mirabel le was designed wi th this 
move in view, and no single component 
exceeds 55 tons in weight . A. Patoux wi l l 
be responsible for coord inat ing the dif
ferent aspects of the removal . 

Once Mirabel le is operat ing, a smal l 
co lony of f i f ty fami l ies f rom Saclay wi l l 
be housed in the v i l lage of Protvino, near 
Serpukhov. Together wi th the fami l ies of 
the scient ists tak ing part in the jo int 
exper iments there wi l l be a total of almost 
250 French people. Saclay have given 
par t icu lar at tent ion to this problem of 

First Operation Useful Volume Operated at 

1957 1 litre (a model known as ME3 in wh ich t racks 
were f irst photographed) Saclay 

1959 3 l itre (20 cm long) Saclay 
1959 25 l i tre (35 cm long) Saclay 
1960 70 l i tre (50 cm long) Saclay 
1961 70 l itre (81 cm long) CERN 
1962 300 c m 3 (Known as ME5, it was instal led as 

a target inside a heavy l iquid chamber) Saclay 
1964 130 l i tre (81 cm long) DESY 
1964 180 l i tre (81 cm long) Rutherford 
1966 7000 litre (The Mirabel le prototype known as ME6) Saclay 
1969 7000 litre (Mirabel le) Saclay 

Serpukhov 



' t ransplantat ion' . There are many s imi la
rit ies wi th the exper ience already gained 
in the operat ion of the 180 l itre chamber 
at the Rutherford Laboratory. This was 
successful and should therefore be all 
the easier to repeat. 

An advance party of ten Saclay techn i 
c ians and engineers has been at Ser
pukhov for some months to assist in 
problems such as the sett ing up of a 
workshop, stores, etc. It is l ikely that the 
fami l ies who wi l l be going over later wi l l 
adapt themselves fair ly easily, especia l ly 
in v iew of the way in wh ich Soviet techn i 
c ians who have been work ing at Saclay 
have become integrated. 

The fami l ies wi l l be d is t r ibuted in b locks 
of f lats in wh ich local people also live, so 
that they wi l l not tend to feel l ike an 
' isolated colony' . 

Chi ldren's educat ion wi l l concern many 
fami l ies, and here too, the exper ience 
gained in the UK wi l l be useful. An infant 
school (open also to the ch i ldren of visi t
ing CERN famil ies) has been set up, 
integrated into a local Russian school , 
wi th its operat ing costs shared between 
the French Ministry of Educat ion and the 
CEA (the French Atomic Energy Commis
sion). Two French teachers are to be 
employed init ial ly. In order to make it 
easier for the ch i ldren to become adapted 
to their new surroundings, they wi l l 
receive lessons in Russian f rom a Rus
sian teacher. 

BATAVIA 
Operation at 500 GeV 
At the Users Meeting on 10 Apr i l , the 
Director, Professor R. Wi lson, made a 
statement to the fo l lowing effect: 

'Construct ion of the synchrot ron at the 
Nat ional Accelerator Laboratory is on, 
and in some cases ahead of, schedule. It 
now appears possible to have an acceler
ated proton beam by mid-1971, a year 
earl ier than the or iginal ly scheduled date, 
and considerably before the exper imental 
areas and the rest of the Laboratory are 
comple ted . It also appears possible that 
the protons can be accelerated to an 
energy close to 500 GeV at' reduced inten
sity not long after the synchrot ron is 
brought into operat ion. This advance in 
the schedule and in avai lable energy has 
been achieved inspite of the fact that 
f inance has become avai lable more slowly 
than the opt imum rate pro jected in our 
design report. 

In fact, it has been in response to the 
reduced rate of funding that internal 
schedules have been rearranged by post
poning construct ion of some parts of the 
Laboratory. We have also been able to 
move rapidly because actual b ids for 
many components and structures have 
been low, which is a measure of the 
s impl i f icat ion that has been made in the 
design. Almost all the accelerator com
ponents and structures have been pur
chased but the exper imental areas and 
laborator ies have not. 

Our main accelerator design has 
inc luded from the start the capabi l i ty of 
extending the proton energy f rom 200 to 
400 or, perhaps, to 500 GeV. 

Recent checks on product ion magnets 
have made it clear that they wi l l be 
good up to f ield levels cor responding to 
500 GeV. Furthermore the technology of 
thyr istors, wh ich are used as rect i f iers in 
the power supply, has been advanced 
considerably. This and other technica l 

A little bit of France in the Soviet Union. The 
photograph shows some of the first French 
families to move to the Serpukhov Laboratory 
for the operation of the Mirabelle bubble 
chamber enjoying their Sunday dinner in a flat 
in Protvino village. 

developments have made it possible to 
install f rom the beginning a power supply, 
adequate for 500 GeV operat ion at smal ler 
cost than or ig inal ly est imated for 200 GeV. 

The cool ing capabi l i ty that is being 
instal led corresponds to year-round oper
at ion at 200 GeV wi th the design inten
sity of 1.5 X 10 1 3 protons per second. 
Operat ion at h igher energies wi l l mean 
choosing cooler days or lower ing the 
repet i t ion rate. The average intensity at 
500 GeV wi l l probably be down by one or 
two orders of magni tude. Nevertheless 
there are exploratory exper iments that 
can be carr ied out and it is expected that 
some exper iments wi l l begin as soon as 
possible making use of whatever fac i l i t ies 
are avai lable. It is expected that at a later 
date greater capaci ty for coo l ing, cop ing 
wi th radiat ion, and correct ion for loading 
of the e lectr ica l services wi l l be added. 

The first area for e lectronics detector 
exper iments is presently expected to come 
into operat ion in July 1972. It wi l l be 
l imited to 200 GeV in order not to delay 
it. The second area is expected for c o m 
plet ion by January 1973 and wi l l provide 
a neutr ino beam for weak interact ion 
exper iments. A bubble chamber wi l l be 
designed for incident protons of energies 
up to 500 GeV. 

Any at tempt to predict an exact date 
for the init ial operat ion is hazardous. As 
better informat ion is fo r thcoming, the 
expected date wi l l be cor rec ted. Great 
effort and cont inued good luck wi l l be 
required to meet the advanced schedule. ' 

USA Laboratories 
Budget situation 
In this art ic le we pull together as much 
informat ion as we have concern ing the 
budget est imates for f iscal year 1971 
(beginning 1 July 1970) and their impact 
on the USA high energy physics Labo
ratories. 

In President Nixon's budget the A tomic 
Energy Commiss ion, which is the channel 
of most high energy physics money, 
moves f rom $2189 M for 1970 to $2194 
for 1971. With in the AEC budget, the 
money for 'Physical Research' goes 
down from $ 278 M to $ 274 M. Wi th in 
Physical Research the high energy physics 
budget also goes down from $ 120-5 M to 



$119.5 M. It should be added that the 
president ia l budget is often revised 
(downwards) by Congress. 

It is obvious that at a t ime when major 
const ruct ion programmes are underway, 
the money for exper imental physics is 
tak ing a severe cut. The AEC, in consu l 
tat ion wi th the High Energy Physics A d 
visory Panel, had the di f f icul t dec is ion to 
take on where to apply the cut — for 
example to d ist r ibute it evenly round the 
Laborator ies or to chop some pro
grammes very hard in order to sustain 
others at a high level. The results are 
given in the fo l lowing informat ion f rom the 
Laborator ies: 

Argonne 
The budget for the Argonne Nat ional 
Laboratory moves f rom $ 36.9 M to $36.4 . 
Wi th in this budget is the money for the 
operat ion and research at the 12 GeV 
Zero Gradient Synchrotron (the Labo
ratory has many other act iv i t ies — re
actors, chemistry, sol id-state physics, 
metal lurgy). The Director, R.B. Duf f ie ld, 
announced at the end of March that 230 
staff wou ld have to go by the beg inn ing 
of the next f iscal year. The precise impact 
on the high energy physics p rogramme is 
not known at this t ime. 

Batavia 
Construct ion of the 200-500 GeV acceler
ator at Batavia cont inues to be st rongly 
suppor ted . The budget for the next f iscal 
year is $ 65 M for construct ion wi th $ 17 M 
for operat ion. As is c lear f rom the ar t ic le 
above, this wi l l see the comple t ion of 
machine construct ion th rough. However 
budget restr ict ions over the past years 
have meant the preparat ions for the 
exper imenta l programme have not moved 
in paral le l and init ial ly, ut i l izat ion of the 
machine wi l l be l imi ted. 

Berkeley 
The budget a l locat ion for the high energy 
physics programme at the Lawrence Radi 
at ion Laboratory involves a 5 % cut. A d d 
ing the effect of inf lat ion the total cut is 
somewhere near 1 0 % . The effect on per
sonnel wi l l be a reduct ion of about 75 
people. 

Inspite of this it is hoped to cont inue 
operat ion of the 6 GeV proton synchro
t ron (Bevatron) on the same schedule as 
in the current year. Also the Electron 
Ring Acce lera tor development p rogramme 
(see CERN COURIER vol . 10, page 51) 
wh ich has been strongly suppor ted at the 
Laboratory wi l l cont inue at about the 
present level. 

Clear ly this means that cuts wi l l have to 
be imposed on other areas of the high 
energy physics programme. One known 
casual ty is the 25 inch hydrogen bubble 
chamber wh ich wi l l be shut down by the 
end of the present f iscal year. Other 
areas of reduct ion are sti l l under d is
cuss ion. 

Brookhaven 

The budget for high energy physics at the 
Brookhaven National Laboratory, centred 
on the 33 GeV Al ternat ing Gradient Syn
chrot ron, has increased by a few percent. 
However tak ing inf lat ion into account the 
actual buying power of the avai lable do l 
lars goes down by something over 5 % . 
The impact on the exper imental pro
gramme has not yet been detai led but 
there is no doubt that fewer exper iments 
than planned wi l l be done or exper iments 
wi l l take longer to do. Overal l , the Labo
ratory (which l ike Argonne is mul t i -
d iscipl inary) wi l l lay off about 250 staff. 

Cambridge 

The Cambr idge Electron Accelerator 
Laboratory where research is centred on 
the 6 GeV electron synchrotron is perhaps 
the worst hit, for though the b low is 
hardest at Pr inceton, the Pr inceton Labo
ratory had some pr ior warn ing. 

The cut in the budget is over 30 % 
(from $3.475 mi l l ion to $2 .4 mil l ion) and 
makes it impossib le to both sustain the 
present research programme (mainly 
e lec t roproduct ion and photoproduct ion 
experiments) and to pursue the co l l id ing 
beam pro ject (Project Bypass, see CERN 
COURIER vol . 8, page 289). 

After considerable heart-searching it 
has been dec ided to phase out all con
vent ional physics before 1 June 1970, in 
the belief that the most interesting physics 
open to the Laboratory is l ikely to result 
f rom co l l id ing beam exper iments. Al l the 
effort wi l l then turn to Project Bypass. 
The t ime al located to exper iments already 
approved is considerably greater than can 
be provided and a di f f icul t pruning oper
at ion has been needed. 

In terms of personnel , 68 people out of 
a total Laboratory staff of 185 have been 
given terminat ion of appointment not ices. 

Cornell 

The Wi lson Synchrotron Laboratory at 
Cornel l University wh ich operates a 10 GeV 
electron synchrot ron stands somewhat 
aside f rom the rest of the Laborator ies in 
the present s i tuat ion since it draws its 
money f rom the National Science Foun
dat ion (whose budget is s igni f icant ly 
increased) and not f rom the AEC. 

Approval has just been received for the 
Laboratory budget effective f rom 1 March 
1970 giv ing $1 .4 M for operat ion, $1 .2 M 
for research and $300 000 (appropr iated 
earl ier) for a modest improvement pro
gramme. The combined funds wi l l a l low 
the Laboratory to operate at a level near 
that of last year. Curtai lment of the 
research at Cambr idge in part icular is 
however leading to an increased interest 
in using the Cornel l machine. 

Los Alamos 

The 800 MeV proton l inear accelerator 
pro ject LAMPF, at Los Alamos Scient i f ic 

Laboratory is another favoured chi ld being 
a l located $10.5 M for construct ion and 
$ 6.2 M for operat ion. These f igures are 
very c lose to the amounts requested. 

Due to the fact that the funds requested 
for the present (1970) f iscal year were held 
back to $ 5 M for const ruct ion, the total 
const ruct ion cost of the project has moved 
f rom $ 55 M to $ 56 M. (The new f igure has 
been accepted by the AEC.) A delay of 
six to nine months is l ikely for complet ion 
of the faci l i ty so that physics research 
wi l l probably start in 1973. Nevertheless it 
is intended to hold to the scheduled ful l 
energy beam date of 4 July 1972. This is 
presuming that the f inal funds for com
plet ion of const ruct ion (approximately 
$ 7 M) wi l l be a l located for f iscal year 
1972. 

Princeton 

The wr i t ing appeared on the wal l of the 
Pr inceton-Pennsylvania Accelerator Labo
ratory some months ago (see CERN 
COURIER vol . 10, page 16). The budget 
for the next f iscal year is $ 2 M to al low 
an 'order ly shu tdown ' of the 3 GeV rapid 
cyc l ing proton synchrot ron. No AEC funds 
are pro jected for the f iscal year 1972. 

An addi t ional 100 people have to be 
d ismissed leaving only 90 for next year. 
It is intended to try to f inish the com
mit ted exper iments (5000 hours) but it 
may prove di f f icul t as moral is obviously 
very low. 

Users groups, the University, and the 
Director, M.G. Whi te, are searching hard 
for other sources of money to keep the 
Laboratory al ive — for example, the 
Nat ional Sc ience Foundat ion, NASA (who 
cou ld be interested in the heavy ion con 
version of the accelerator) , and other 
Foundat ions. Hopes however are not h igh. 

Stanford 

The Stanford Linear Accelerator Labo
ratory is being held to the same budget 
as in the present f iscal year wh ich means 
an effect ive reduct ion of about 5 % in 
buying power. About 40 people are being 
cut f rom the staff of 1300 by the end of 
June. The effect on the physics pro
gramme wi l l be that the 20 GeV electron 
l inear acce lerator wi l l be used to some
what less than 75 % of its potent ia l . 

In the 1971 f iscal year, some exper i 
ments wi l l not receive the machine t ime 
requested and some requir ing new de
tect ion equipment wi l l have to be post
poned or d ropped altogether. Though 
there are two bubble chambers at the 
Laboratory (40 inch and 82 inch hydrogen 
chambers) and exper iments could be run 
wi th both s imul taneously, the funding is 
only suff ic ient to provide crew to oper
ate one at a t ime. 

At the t ime of wr i t ing , the Laboratory 
budget of f ice has not completed its ana
lysis of the impl icat ions for the storage 
ring project , SPEAR (see CERN COURIER 



LAMPF taking shape. The photographs show the 
first units of two sections of the 800 MeV proton 
linear accelerator: 

1. The first of the four Alvarez type tanks, 
which will accelerate the protons to 100 MeV, 
has been installed in the beam channel and is 
being coupled to the proton preinjector. 

2. The first of the 45 modules of the side 
coupled cavity type, which will complete the 
acceleration to 800 MeV, is being tested. 

(Photos Los Alamos) 

vol . 9, page 271). It had been proposed to 
proceed with the design and construct ion 
of this cut-pr ice project tak ing money 
f rom exist ing funds wi thout request ing a 
specia l addi t ional budget. This would now 
mean however that other desirable de
tect ion devices could not be bui l t and 
that there would be fur ther reduct ion in 
the exper imental programme. 

LAMPF 
Project progress 
•The Los Alamos Meson Physics Facil i ty 
was descr ibed in CERN COURIER vol . 8, 
p. 132. To recall br ief ly its major features: 
LAMPF is an 800 MeV proton l inear 
accelerator consist ing of three acceler
at ion stages — a 750 KeV prein jector 
feeding a 100 MeV convent ional (Alvarez 
type) l inac fo l lowed by a wave-guide type 
l inac wi th side coupled cavit ies. The total 
length is 850 m. The design average beam 
current is 1 mA wi th a duty factor of 6 %>, 
possibly eventual ly r ising to 1 2 % . Thus 
LAMPF wi l l be capable of h igher energy 
(suff icient for the copious product ion of 
mesons), intensity and duty cycle than any 
proton l inear accelerator yet const ructed. 

The preinjector has three inject ion sys
tems each consist ing of a Cockcrof t -Wal ton 
high vol tage set, an ion source, an acceler
at ing co lumn and beam transport system. 
One provides a high intensity proton 
beam, a second provides a polar ized pro
ton beam and a third provides a negative 
hydrogen ion beam. Using the H" source 
in addit ion to the proton source it wi l l be 
possible to accelerate two beams s imul 
taneously — the convent ional proton 
beam with the r.f. f ie lds in one d i rect ion 
and the FT beam wi th the r.f. f ields re
versed. At the end of the accelerator the 
two beams can be separated by a mag
netic f ield and d i rected to di f ferent exper i 
mental areas. The H" beam can then be 
f i red through a 'str ipper ' foi l where some 
of the part icles wi l l convert to protons or 
neutral hydrogen atoms. A magnet ic f ie ld 
can separate the posit ive, neutral and 
negatively charged part ic les for use in 
di f ferent exper iments. 

The Cockcrof t -Wal ton set for the proton 
beam has been instal led and tested to 
1 MeV, the ion source has been tested, 
and other components of the high in-

2. 

tensity inject ion system are coming to
gether and are scheduled for operat ion 
by the end of Apr i l . The negative hydrogen 
ion system is being manufactured and is 
expected to begin to come together late 
this year. 

The first of the Alvarez type l inac tanks 
has been instal led in the beam channel 
and is being coupled to the proton 
in ject ion system. The other three tanks are 
being manufactured. One of the 45 
modules of the side coupled cavity system 
has also been completed and is being 

r igorously tested. Manufacture of these 
modules is no picnic. They are machinée 
to cr i t ical to lerances and each eel 
involves several brazings. There wi l l be 
15 000 copper forgings in the complete 
accelerator unit, sequential ly brazed intc 
sect ions wh ich are then assembled ir 
modules. 

Contracts have been placed for abou 
80 % of the r.f. power systems. For the 
tanks there wi l l be four ampli f iers, basec 
on a convent ional electron tube, operatinç 
at a peak power of 3 MW; for the modules 



High 
Energy 
& Nuclear 
Equipment 
S.A. 
N E W SERVICES 
COMPONENTS - ex stock! 
We can now supply a vast range of electronic devices, components and 
connectors etc. of well known proprietary types to anyone in Europe. 
COMPUTERS & PERIPHERALS 
Some in stock and many others available soon — any power and capacity. 
Teleohone or Telex details of your requirements and we shall tel l you if 
we can help (note new telephone numbers). 

P R I N C I P A L S 
Simtec Industries Ltd 
Johnston Laboratories Inc 
Scientif ic Research Instruments Corp 
Electronics & Alloys Inc 
The Cyclotron Corporation 
Selo 
American Process Equipment Corp 
TEM Ltd 

Nuclear Enterprises Ltd 
Laben and Ote-Galileo 
C.S. Italia 
20th Century Electronics Ltd 
Lan-Electronics Ltd 
Scientif ica & Cook Electronics Ltd 
Computer Instrumentation Ltd 
D.A. Pitman Ltd 

N O T E 
The equipment manufactured by our Pr incipals is wel l known at leading 
Research Centres, Universit ies, Hospitals and Industrial Establishments 
throughout the wor ld Nuclear Health & Medical Physics, Nuclear Medi 
c ine, Life Sciences and Industrial Nuclear Laboratories can be furnished 
completely and you can call on the vast knowledge and resources of 
our Principals to do all your system and equipment planning free of 
charge. We can put you in touch with Physicists, Chemists, Medical 
Special ists, Engineers and Administrators who recently have completed 
the type of equipment survey with which you may now, or soon wi l l be, 
faced — save your t ime and your organizat ions'money by contact ing 
HENESA. 

A great deal of the equipment supplied by our Principals can now be 
offered on credit terms of payment over a period of years. 

TELEPHONE NO'S 
022 98 25 83 
022 98 25 82 

2 25 75 00 
2 25 75 06 

:k 'stiff ch') 

ADDRESSES 
2, chemin de Tavernay, 
1218 Geneva, Switzerland 
Alcalâ 115 (S-res Vega Penichet), 
Madrid 9, Spain 

Al l telex messages to 23429 (answer ba 

Art ic les techniques 
en caoutchouc 
et matières plastiques 
Vo i l à l ' ad resse 
qu ' i l v o u s f au t : 

/1 8051 Z u r i c h ( \ 
\J T é l . (051) 4 0 1 1 00 \J 

^ 
Envoyez-nous ce coupon et vous recevrez gratuitement la 
documentat ion suivante: 

• cata logue de tuyaux 
• cata logue de tuyaux pour l 'hydraul ique 
• cata logue de tuyaux de vent i lat ion 
• cata logue de jo ints tor iques et 

bagues d 'étanchéi té 
• co l lect ion d 'échant i l lons de laminés 

en caoutchouc 
• prof i ls en caoutchouc et en plast ique 
• gants de protect ion en caoutchouc 
• notre pér iod ique MAAGinform 
• matér iaux d ié lectr iques 

Nom 

Dépar tement . 

Téléphone interne No 

Spécialement in té ressé. 

Signature Date 

Nous avons des mélanges de caoutchouc spécialement résistants 
aux radiat ions donnant pleinement sat isfact ion - contactez-nous 
s.v.pl. pour tout ce qui concerne les tuyaux, les prof i ls , les pla
ques, les jo ints , les câbles etc. en caoutchouc et matières 
plastiques. 

there wi l l be 45 ampl i f iers, based on a 

large klystron, operat ing at a peak power 

of 1.25 MW (LAMPF wi l l use about 40 MW 

of power when in operat ion). The power 

systems are being tested to give a 1 2 % 

duty factor. 

LAMPF wi l l incorporate computer con 

trol into machine operat ion to an excep

t ional ly high degree (see CERN COURIER 

vol . 9, page 169) 'and a great deal of 

development work on the computer pro

gram and the maze of interface units has 

been necessary. By now about 8 0 % of the 

hardware has been ordered and the 

computer itself has arr ived. 

LAMPF wi l l be a nat ional ly avai lable 

faci l i ty, and a Users Group, involving 

about 300 scient ists f rom over 100 uni 

versit ies and other research centres, is 

already part ic ipat ing in the pro ject par t i 

cular ly concern ing the planning of exper i 

mental areas and the exper imental pro

gramme. The f irst of three areas, Area A, 

is under construct ion and is in tended for 

physics wi th pion and muon beams. Area 

B is intended for physics wi th proton and 

neutron beams and Area C wi l l have a 

high resolut ion spectrometer for exper i 

ments wi th protons. Areas B and C wi l l 

also receive polar ized proton beams. 

As reported elsewhere in this issue, 

const ruct ion funds in the present f iscal 

year were held back to $ 5 mi l l ion and 

$10.5 mi l l ion has been deferred to f iscal 

year 1971. This has meant delays in con 

struct ion and, wi th r ising construct ion 

costs, the total cost of LAMPF wi l l c l imb 

by $ 1 mi l l ion to $ 56 mi l l ion. The com

plet ion of the exper imental areas and the 

start of a ful l exper imental programme wi l l 

be delayed unti l 1973. Nevertheless the 

date for the f irst ful l energy proton beam 

remains as 4 July 1972. 

A fuller account of the present state of the 

project can be found in the journal 'The 

Atom', March 1970, published by Los 

Alamos. 

Conference 
Proceedings 
The Proceedings of the Electron/Photon 

Symposium held at Liverpool in Sep

tember 1969 (see CERN COURIER vol . 9 

page 389) have been distr ibuted to par t ic i 

pants and are now available for sale. 

The contents of the Proceedings are as 

fo l lows: Status of Quantum Electro

dynamics — S.J. Brodsky ; Single Pion 

Photoproduct ion in the Resonance Region 

— R.L. Walker ; Pseudoscalar Meson 

Photoproduct ion — K. Lubelsmeyer ; 

Vector-Meson Photoproduct ion — A. Si l -

vermann ; Vector-Meson Dominance (Pre

sent status and future prospects) — J.J. 

Sakurai ; Photoproduct ion Mechanisms — 

H. Harari ; N* Electroproduct ion (Experi

mental results) — A.B. Clegg ; Electropro

duct ion of Baryon Resonances (Theory) — 

F. Gutbrod ; Nucléon Form Factors — J.G. 

Rutherg len; High Energy Elect roproduct ion 

— F. Gi lman ; Muon Physics — W.T. 

Toner ; Exper iments wi th the Orsay 

Storage Ring AGO — J. Perez-y-Jorba ; 

Storage Rings (Novosibirsk) — V.A. S ido-

rov ; e +e~ Annih i la t ion into Hadrons (Sum 

Rules and Asymptot ic Behaviour) — R. 

Gatto ; App l ica t ion of Current Algebras to 

E lect roproduct ion — G. Furlan ; Inelastic 

Electron Proton Scat ter ing in the Deep 

Cont inuum Region — R.E. Taylor ; The 

Phases of Vector Meson Photoproduct ion 

Ampl i tudes and Rho-Omega Interference 

— G.R. A l lcock . 

The proceedings, publ ished by the 

Daresbury Laboratory, contain all invited 

talks and ful l d iscussions, abstracts of 

contr ibut ions received, author index to 

abstracts and list of part ic ipants. Copies 

may be obta ined (pr ice £ 6 sterl ing) f rom 

the Librar ian, Daresbury Nuclear Physics 

Laboratory, Daresbury, Nr. Warr ington, 

Lancashire, England. 

The Proceedings of the Boulder Confer

ence on High Energy Physics are now 

avai lable and can be ordered f rom: 

Mrs. Marion Higa, Department of Physics, 

University of Colorado, Boulder, Colorado 

80302 wi th checks made payable to the 

University of Colorado. The cost of the 

Proceedings is $15.00 per copy. 



CAMAC 
Scalers, Controllers and Display 

Scalers 
9003 M i c r o s c a l e r 
Four 16 bi t 2 5 M H z scalers 
Can be connected as t w o 32 
bit scalers 

9008 M i n i s c a l e r 
T w o 16 bit 3 0 M H z scalers, 
w i t h indicat ion of over f low 
and least s igni f icant bits 

7070 C o u n t i n g R e g i s t e r 
Single 24 b i t 15Hz scaler 

7039 P r e s e t C o u n t i n g 
R e g i s t e r 
Preset c o u n t d o w n 16 b i t 
1 0 M H z scaler 

mJ 

0)J 

Microscaler 9003 

Controllers 

i ^1 *> 

# # ï m 
M i l 

. \%. 
Manual Dataway Controller 7024 

7 0 2 4 M a n u a l D a t a w a y 
C o n t r o l l e r 
Enables modules to be tested 
and systems to be evaluated 

7022 D a t a w a y C o n t r o l l e r 
Control ler for Honeywel l D D P 
514 and 416 computers 

7048 D a t a C o n t r o l l e r 
Control ler for PDP8 computer 

7025 D a t a w a y C o n t r o l l e r 
Programmed control ler for 
non-compute r contro l led system 

Display 
7011 D i s p l a y D r i v e r 
Designed to contro l osci l loscope 
display 

9006 D i s p l a y C o n t r o l l e r 
Decimal display system 
incorporat ing binary to BCD 
convers ion 

9007 D e c i m a l D i s p l a y 
Display for scalers addressed by 
9006 

Display Driver 7011 

N U C L E A R 
R P R I S E S 
L I M I T E D 

C A M A C the new modular data handling system for 
computer-aided measurement and control is being rapidly 
expanded. It conforms with ESONE Standard EUR 4100, 
can operate with all computers and is compatible with NIMS 
modules such as the Nuclear Enterprises International Series. 
Full details of the units listed above and complete range 
are available on request. (Bulletin No. 44) 

Bath Road, Beenham, Reading, England Telephone: 07-3521 2121 Cables: Devisotopes, Woolhampton Telex: 84475 
Sighthi l l , Edinburgh EH 11 4 EY, Scot land Te lephone: 031-443 4060 Cables: Nuclear, Edinburgh Telex: 72333 

Associate Companies: Nuclear Enterprises GmbH, Karlstrasse 45, 8 Munich 2, Western Germany. Tel . 55 30 03. Telex 529938 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, Cal i fornia 94 070. Tel . 415-593 1455. Telex 348 371 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, chemin de Tavernay - GRAND-SACONNEX - 1218 GENEVA - Tél . (022) 3417 07/34 17 05 



CHASSIS ALIMENTATION 
CAMAC 
• Ce châssis pour t i roirs 5 unités est destiné à 

l 'al imentation des éléments fonct ionnels 
normalisés CAMAC EUR 4100. 

• Permet le montage de 24 t i ro irs et leur 
polar isat ion. 

G Uti l ise l 'al imentation type P 7 A L J 1 0 délivrant: 
+ & — 24 V 3 A 
+ & — 1 2 V 3 A 

+ 6 V 25 A 
— 6 V 10 Â 
+ 200V 0,1 A 
117 V 50 Hz 0,5 Â 
Puissance utile 200 watts 

• Trois venti lateurs. 

© Visual isat ion d'une surcharge par voyant 
sur chaque tension. 

CARACTÉRISTIQUES PROVISOIRES 

SAPHYMO-SRAT 
DÉPARTEMENT ALIMENTATIONS 

SERVICES COMMERCIAUX 

51 , RUE DE L 'AMIRAL-MOUCHEZ 

75-PARIS X I I I e 

Tél . 588 45 39 - 58816 39 

T e n s j o n d e s o r t j e - ± 24 V ± 12 V + 6 V — 6 V + 2 0 0 V 

Plage de réglage ± 2 % ± 2 % + 5 à —15 % + 5 à —15 % ± 10 % 

Précis ion du réglage ± 5.10" 4 ± 5 .10 - 4 ± 10~3 ± 10~3 

Taux de régulat ion en fonct ion du réseau . R i n _ 4 

( + 1 0 % à — 1 2 % ) - ° - , u 

Régulat ion pour 100 % de var iat ion de charge et des ' + 1 Q _ 3 

var iat ions du réseau ( + 1 0 % à — 1 2 %) ~ 

Stabi l i té g lobale (réseau-charge-température) ± 5.10" 3 | ± 10~2 | + 2,5.10- 2 | ± 10~2 | ± 10~2 

Coeff ic ient de température de + 1 0 °C à + 4 5 °C 5.10- 5/°C | 2.10- 4 /°C | 3.10- 4/°C 

Dérive en fonct ion du temps 8 h 10~3 

24 h. ± 3.10- 3 

6 mois ± 5.10" 3 

Fluctuat ions en sort ie crête à crête < 2 mV < 2 mV < 5 mV < 5 mV 5 mV 

Réponse transi toire (overshoot et undershoot < 10 %) < 20 \is 

Stabi l isat ion thermique < 30 mn 

Plage de température 0 °C à + 5 5 °C 

Impédance dynamique de sort ie jusqu 'à 100 kHz < 0,3 Q 

Sécur i té é lectronique en courant indiv iduel le par l imi tat ion de courant fusible 

Dis jonct ion de l 'al imentat ion provoquée par + 1 5 ° / + 1 5 ° / + 2 5 % + 1 5 ° / 
des surtensions de : 0 0 0 

Protect ion thermique 2 v ig i thermes: 0 max. —20 °C: voyant blanc 
0 max.: coupure de l 'a l imentat ion 

Réseau 220 V 50 Hz (possibi l i té 117 V) 



State of the Art 7000-Series Oscilloscopes 

means faster measurements with fewer errors 

— Shows the effective scalefactors on the screen, considering also Magnifier and atte
nuating probes 

— Bandwidth to 150 MHz at 5 mV/cm 
— 1 MO input resistance 
— Extremely good writing rate 
— Oscilloscopes with 3 and 4 plug-in capability allow for unmatched display versatility 
— 14 plug-ins are initially available, more than in many oscilloscopes even years after 

introduction 
— Sampling to 14 GHz 
— More mainframes and plug-ins to come 

For more information or demonstration call 

TEKTRONIX INTERNATIONAL AG 
Tel. 042/219192 6301 ZUG 

Auto 
Scalefactor 
Readout 



ŜP̂  vide 
é l e v é  

GALILEO 

V7bx 

Jauge à cathode froide 
Echelle: de 1.10* à 1.10* Ton» 
Prédisposé pour connection 

à un enregistreur 

OFFICINE 
GALILEO 

5 0 1 0 0 F L O R E N C E - I T A L I E 
VIA CARLO BINI, 4 4 TELEX 57126 

KUCLETIMIS 

supplies : 

AEC/NIM-Nuclear-Electronic 
H.V.-Power-Supply 

NU-713A 
A-Channel-Discr iminator 

AEC/NIM-Frame with Power-Supply 

GESELLSCHAFT FOR NUCLEONIC 
UND ELECTRONIC MBH 

8 M U N C H E N 54 • G'tf RTNERSTRASSE 6 0 

T E L E F O N S A . - N R . ( 0 8 1 1 ) 5 4 6 0 8 1 • TELEX 0 5 - 2 4 2 0 8 

Pompe rotative à deux étages 
Debit: 60 m 3/h 
Pression limite partielle: 

2.10"4 Torr 



General specifications 
Composi t ion 
Shell : brass 59 A 
Insulator : tef lon PTFE 
Contact : brass 59 A 

Finish 
Shell : n ickel + chrome 
RP + RPL types gold plated 3 microns 
Contacts : n ickel and 3 microns gold plated 
Operat ing temperature range : -55° C +150° C 

Electrical specifications 
Character ist ic impedance : 50 Q ± 2 % 
Frequency range : 0-10 GHz 
Max VSWR 0 - f - 1 0 G H z : 1 :12 
Contact resistance : < 8 m Q 
Insulator res i s tance : > 10 1 2 Q under 500 V. DC 
Test vol tage (mated F + RA) : 3 KV. DC 
Operat ing vol tage (mated F + RA) : 1 KV. DC 

Normal maximum cable diameter : • 126 
Special arrangement : • 157 

Lemo patented 
latching system 

Tél. (021) 71 13 41 Télex 24 683 1110 MORGES ( S w i t z e r l a n d ) 

00.250 camac standard 
coaxial connector |f t 



SHAPER 
CABLE TIMED 
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FE 250 Shaper, Cable Timed : 
Low cost trigger module, 
rate 100 MHz 

FE 251 Dual Limiter : Trigger module, 
rate 125 MHz 

FE 252 Discr iminator : Threshold - 1 0 0 mV 
to - 3 V, rate 200 MHz i ^ r j a s . 

FE 260 Coincidence 5 In - 7 Out : Overlap and \ 
standardized outputs, rate 180 MHz ^ 

FE 261 Coincidence Tr ip le, Two Fold : Output w id th 
f i xed, rate 50 MHz ffl 

FE 262 Coincidence 5 In — Strobed : Output w id th f ixed, 
rate 50 MHz 

FE 270 OR, 6 Inpu ts : High fan-out, rate 150 MHz 
FE 280 Shaping Ampl i f ie r : Short pulses are shaped and made 

suitable for an ADC 
FE 281 Linear Gate : Selects and transmits linearly pulses and DC 

levels 

FE 290 Delay Uni t : Cable delay, range 2.5 to 66 ns 

(CERN designed) 

FE 275 Logic B o x : Patch board w i th MECL II gates 
FE 291 Quad Delay : Four delay sections in a 19" chassis 
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les chambres à fils 
e n r é g i m e p r o p o r t i o n n e l 

o u v r e n t d e s h o r i z o n s n o u v e a u x 

CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Auto-déclenchement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 
APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation. 
Basses énergies : 
Plan focal de spectromètre. 
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographie p. 
Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption. 
Electronique : 
Résolution : 40 ns 
Temps mort total :200 ns 
Vitesse de lecture : 4 MHz en code parallèle, 

new possibilities 
w i t h m u l t i w i r e 

p r o p o r t i o n n a i c h a m b e r 

CHARACTERISTICS 
Dead time below 10-6 second per wire. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer. 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 
Electronics : 
Resolution : 40 ns 
Total dead time :200 ns 
Reading speed : 4 MHz in parallel code. 

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



We've done 
some deep 
thinking on 
detectors 

— 25 m m d e e p , in f a c t . W e ca l l it t h e T ransve rse F ie ld 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 th 
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 and is ava i l ab le w i t h a reas up t o 200 m m 2 . It g i ves 
reso lu t i ons to 5 K e v F W H M fo r 970 K e v e l e c t r o n s . It can s t o p 80 M e V p r o t o n s . 200 M e V a lphas or 
1 0 M e V e l e c t r o n s . T h e T r a n s v e r s e F ie ld S i l i con D e t e c t o r is in regu la r p r o d u c t i o n at S i m t e c L t d . 
W r i t e or ca l l f o r a d e m o n s t r a t i o n and buy y o u r s e l f s o m e d e e p s a t i s f a c t i o n . 

simtec 
i n d u s t r i e s l t d . 
High Energy and Nuclear Equipment S.A. 

3400 Metropol i tan Blvd. East, Montreal 38, Canada 
Telephone (505) 728-4527 

2, chemin de Tavernay, Grand-Saconnex 
1218 Geneva, Switzer land - Tel . (022) 34 17 07/5 
& Castel lana Hi l ton, Madr id - Tel . 257.22.00 
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m 

1 liV sens i t i v i t y 

19999 fu l l s ca le 

r e m o t e p r o g r a m m i n g 

in f in i te no i se r e j e c t i o n 

0,005 % a c c u r a c y at 25 r e a d i n g s / s e c . 

ac or d c r e a d i n g s 

ma ins l o c k e d i n t e g r a t i o n p e r i o d 

a u t o - r a n g i n g 

Schlumberger 

S O L A R T R O N 
A Schlumberger Company 

We've launched a great new D.W.M. 

The LM 1604. It's a special as any

th ing we've ever done. But it's 

specia l in a di f ferent way. It's been 

designed to cover a wide, wide 

range of appl icat ions - including 

yours. Our twelve page data sheet 

def ines the 1604's capabi l i ty. 

Wri te for it. 

1211 Genève 6 

15, Jeu-de- l 'Arc, té l . (022) 35 99 50 

8040 Zur ich 

Badenerstr. 333, tél . (051) 52 88 80 

Angst+Pfister 

9 Synthetic and Natural Rubber 

• Engineering Plastics 

• GACO Sealing Products 

• Power Transmission Elements 

52-54, route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Tel. (022) 4514 00 

ZURICH MILAN PARIS 

S P E C I A L 
NUCLEAR 
SHIELDING 

CHEMTREE CORPORATION 
Central Valley, N.Y. 914-928-2293 

ICHEMTREE| 



T h e . 
d o - i t - y o u r s e l f 
logic m o d u l e 
With the new EG&G KL110/N Logic 
Module you can build your own 
special arrays of ANDs, ORs, 
NANDs, and NORs to make latches, 
gates, scalers, memories and other 
complex logic functions. 

You can build them when there's 
no standard module available. And 
you can avoid obsolescence by 
reconfiguring them again and again. 

The KL110/N lets you use MECL II 
in a NIM system. Each module con
tains 10 NIM to MECL II translators, 10 
MECL II to NIM translators and a field 
of 15 IC sockets. Power is prewired to 
all sockets for convenience, while 
patch pins and patch cords on all 
sockets allow virtually unlimited 
flexibility. 

Check- i t -yourse l f . . . 
w i t h a n e w EG&G 
K I110 /N Ind icator M o d u l e . 

This module indicates 
presence of N I M 
standard fast logic 
signals. A light 
flashes whenever such 
a pulse is sent through 
the bridging input. 
KI110/N Indicator 
Module supplied 
ready to run. Wr i te 
for al l the facts. 

For complete detai ls on how this 
can save you money, wr i te EG&G, 
Inc., Nuclear Instrumentat ion 
Division, 36 Congress Street, Salem, 
Massachusetts 01970. Phone: (617) 
745-5200. Cables: EGGINC-SALEM. 
TWX: 710-347-6741. TELEX:949469. 

N U C L E A R I N S T R U M E N T A T I O N D I V I S I O N 



— Accurate and rapid residual gas ana
lysis in high and ultra-high vacuum 
systems; 

— Measurements in space simulation 
chambers and particle accelerators; 

— Residual gas measurements in work 
processes; 

— Leak detection in high and ultra-high 
vacuum systems. 

. . . a few typical f ields of application 
where partial pressure measurement is 
particularly useful. 
For many requirements of research, and 
to an increasing extent in industrial pro
duction, accurate and rapid information 
on the gas composit ion in high and 
ultra-high vacuum equipment is essen
tial. A high standard of efficiency is 
required of the measuring instruments. 
In view of the very wide field of appli
cation, greater reliability in operation, 
more compact construction and simpli
city of operation and maintenance are 
expected. 

BALZERS partial pressure measuring 
instrument QMG 101, which symbolises 
our many years of experience, satisfies 
these requirements to a large extent. 
With this instrument residual gases can 
be analysed rapidly, reliably and with 
high sensitivity; as a quadrupole mass 
spectrometer, it works on the principle 
of mass separation in the high fre
quency, electrical quadrupole f ield. 

Major features of the QMG 101 
— Two mass ranges can be selected: 

1 to 100, 10 to 400. 
Choice of mass setting. 

Partial Pressure 
Measuring 
Instrument 
QMG 101 
Sensitivity 10" 1 3 - 10~1 4 Torr 
Mass range 1—400 

P t o t - 5 - 1 0 " 9 Torr 

J ^ ^ - I O - 1 1 Torr 

16 

Any mass number can be selected, 
linear throughout the whole range or 
partial range in fuely staged scanning 
speeds. 

— Partial or total pressure measurement. 
— Sensitivity to 1000 A/Torr (with multi

plier). 
— Secondary electron multiplier (multi

plier) for improving the sensitivity and 
oscil lographical recording of rapidly 
changing processes. 

28 

M 
1 0 % 100) — Good resolution ( ^ M 

The resolution can be readily adjusted 
to suit particular problems and repro
ducible setting. 

— The analyser can be baked-out up to 
400° C. The high precision rod system 
provides perfect and reproducible 
mass separation, and can be very 
easily dismantled and re-assembled if 
necessary. 

— Open, immersion ion source, which 
can be effectively out-gassed by ion 
bombardment. The hot cathode is pro
tected against excessive pressure 
rise, and can be changed without ad
ditional adjustment. 

— Very compact construction; the com
plete supply and control instrument is 
contained in only one 19" rack unit. 

— Indicating instruments and controls 
are clearly visible for simplicity of 
operation. 

— The instrument is non-magnetic and 
therefore free from stray magnetic 
fields. 

BALZERS will be pleased to supply full 
details. 

H I G H V A C U U M T E C H N I Q U E 

B A L Z E R S A K T I E N G E S E L L S C H A F T 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers • Furstentum Liechtenstein 

BALZERS' 



EDWARDS - FOR ALL THOSE VITAL BITS AND 
PIECES FOR VACUUM PLANT 

V A L V E S 

SOLENOID MANUAL 
SOLENOID 

AIR ADMITTANCE NEEDLE 

E d w a r d s m a n u f a c t u r e a n d s u p p l y every t y p e o f va l ve r e q u i r e d f o r i n - l i n e o r 
p a n e l m o u n t i n g a n d f o r m a n u a l o r a u t o m a t i c o p e r a t i o n — f r o m t h e f a m o u s 
' S p e e d i v a l v e ' t o v a c u u m n e e d l e va l ves f o r ex t ra f i n e c o n t r o l . 

V A C U U M C O N N E X I O N S 

The Edwards solder less 
ful ly demountab le vacuum 
pipel ine coup l ing system in 
j\n and 1 in nominal ranges 
provides a quick and econ
omical method of bui ld ing 
up either temporary or per
manent vacuum systems. A 
ful l range of vacuum unions 
and f lexible connex ions is 

n also available. 
Q 

PIPELINE 
COUPLING 

S Y S T E M 

FLANGED VACUUM 
UNION 

FLEXIBLE VACUUM 
CONNEXION 

V A C U U M S E A L S 

' 0 ' RINGS 

EXTRUDED CORD 

S H E E T 

FLOW S W I T C H E S 
SUCTION and PRESSURE 
CONTROLLERS 

Edwards 
zzzzz 

'FLOWTRGT FLOW SWITCH 
A v a i l a b l e e i t he r w i t h or 
w i t h o u t f l o w ra te i n d i c a t i n g 
d i a l , t h e T l o w t r o l ' is o p e r a 
t e d by p r e s s u r e d i f f e r e n t i a l 
a c r o s s an a d j u s t a b l e o r i 
f i c e . A t y p i c a l u s e is t h e 
p r o t e c t i o n of w a t e r - c o o l e d 
a n d l i q u i d f l o w e q u i p m e n t 
a g a i n s t d a m a g e r e s u l t i n g 
f r o m i n a d e q u a t e or e x c e s 
s i ve f l o w . 

Edwards Vacuum Components Limited a 
Mano r Royal , Crawley, Sussex, England 
Te lephone Crawley 2 8 8 4 4 Telex 87123 Edhivac Crawl 

For fuller descriptions 
send for 
Publication 08643-
11A Summary of 
Edwards Vacuum 
Accessories'1 

member of the BOC group 

ey 



some or our 
friends are 
computers 

best 

We designed our Nanoiogic Model 166 Linear Gate & Hold 
for direct compatibility with computers and computer ADC's. 
Now, that's friendly. 

We gave it a long hold time and an internal gate. The long 
-'hold** permits direct compatibility with analog to digital con-
verters and aJso allows enough time to multiplex several linear 
channels with a single ADC, The internal gate permits applica
tion of an externa! trigger to the gate circuit - with front panel 
control of gate time. 

Input signals from 2 ns to DC. Internal gate 5 ns to 500 us. 
"Hold" output is f lat within 0.5% at .5 ms {Model 166-1 
"holds" f lat to 50 ms). "Busy" signal for pulse pile up pre
vention. Pedestal adjustable through zero. And four outputs: 
Fast Out (2 ns risetime). Hold Outputs (Positive and Negative, 
risetime approximately 300 ns, amplitude linear with input 
signal amplitude, selectable width, faiitime and mode), Busy 
Out. 

The internal gate generator can be used to control either the 
width of the "f lat topped" output or the gate "open" time. 
Stability is better than 0.1%/°C; gate transients less than 
15 mv, 2 ns wide, 

Overall quality? Nanologic. 

Model 166. Its best friends are computers, ADC's and PHA's. 
Make one happy this week—buy it a Model 166. 

CHRONETÏCS • U.S.A.: 500 Nuber Avenue, Mt. Vernon, New 
York (914) 699-4400; in Europe: 39 Rue Rothschild, Geneva, 
Switzerland (022) 31 81 80. 

C H R O N E T I C S 



convert with 
LABEN , 

to convert best 
the ADC that opened a new era 
in data conversion techniques 
LABEN FC 60/4096 

Patents: Laben 745348 
Cise 699271 

uti l izes the sl iding scale method to achieve a 
unique combinat ion of high speed conversion 
and excel lent differential l inearity for any type 
of input signal 
12 pisec f ixed conversion t ime 
0.1 % differential l inearity 
0 . 0 4 % integral l inearity 
3 input modes: AC or DC coupled, DC restorer 
used everywhere with any computer or pulse 
height analyzer 
equipped with all sol id state Spectrum Stabi
lizer Mod. SS60 

the newest 

Mod. Mod. Mod. 

8210 8211 8212 
8192 4096 1024 

channels 

LABEN SERIES 8000 
WILKINSON TYPE ADC's 

now available 
in a DOUBLE-WIDTH NIM MODULE 
with good differential l inearity at a 

100 MHz CLOCK RATE 

0.7 % differential l inearity 
0 . 0 4 % integral linearity 
4 input modes: AC or DC coupled, 
DC restorer, sampling 
easily used with any computer or 
pulse height analyzer 

If you need several 
and cost is a problem 
Mod. 8213 
256-channel ADC 
is ideal for your multipara
meter experiments 
highly versati le 
low-pr iced 

divisione della ' ! Montecatini Edison Elettronica S.p.A. 
Milano - via Edoardo BassinM5 -telefono.2365551 -telex. 33451 


