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Gauge theory predictions 
and muon decay 

In his talk at the Chicago Meet ing of 
the Amer ican Physical Society in 
February, on the occasion of the award 
of the 1977 Dannie Heinemann Prize 
for Mathemat ica l Physics, Steve 
Weinberg reviewed the very success
ful gauge field theories and their ex
per imental impl icat ions in various 
energy ranges. One of these impl ica
t ions, concerning muon decay, 
Ireceived a lot of a t tent ion since 
prel iminary results at the Swiss In
st i tute for Nuclear Physics, SIN, 
seemed to be seeing such decays for 
the first t ime. 

The gauge theories have evolved 
f rom the work of Weinberg and Abdus 
Salam in 1967 and 1968 and they ex
plain many of the observed features of 
particle behaviour. Their basic equa
t ions have identical fo rm for both the 
weak and the electromagnet ic interac
t ions so that these t w o seemingly d is
parate categories of particle behaviour 
can now be explained in the same way. 
The theories have been renormal ized, 
thanks to the work of Gerard't Hooft, 
Ben Lee and others in 1 9 7 1 , and have 
been extended in an a t tempt to take in 
the strong interact ions also. 

They have had dramat ic success in 
explaining the discoveries of recent 
years, beginning w i th the observat ion 
of the neutral current type of weak in
teract ion at CERN in 1 9 7 3 and then 
w i t h the 'new physics' fo l l ow ing the 
J/psi discovery at Brookhaven and 
Stanford at the end of 1 9 7 4 . 

The theories make predict ions about 
w h a t wi l l be found when higher 
energies become available. For exam
ple, they set the masses of the carriers 
of the weak force, the intermediate 
vector bosons — the charged version, 
W, is predicted at about 6 5 G e V and 
the neutral version, Z, at about 80GeV. 
The search for these particles is one of 
the main mot ivat ions for the higher 
energy facil i t ies, such as pro ton-
ant iproton coll iding beams, wh ich are 
now being mooted. 

The theories also postulate a set of 

scalar particles in a similar mass range. 
Such scalar particles were considered 
by Peter Higgs in 1 9 6 4 and are usually 
referred to as the Higgs bosons. He 
was fo l lowing up a 1960 paper of Y. 
Nambu, wh ich carried spontaneous 
symmetry breaking f rom statist ics into 
particle physics and on subsequent 
work by Jeffrey Goldstone (wi th Salam 
and Weinberg) wh ich predicted mass-
less particles called 'Goldstone 
bosons' wh ich were not seen. Higgs 
showed that Goldstone bosons wou ld 
not be a consequence of the Nambu 
ideas if gauge theory was used and if 
integral spin particles were involved. 
These are the postulated Higgs bosons 
responsible for spontaneous symmetry 
breaking. 

If Higgs bosons exist, they wi l l affect 
particle behaviour at all energies. 
However, their postulated interact ions 
are even weaker than the normal weak 
interact ions. The effects wou ld only be 
observable on a very small scale and 
wou ld usually be d rowned out by the 
stronger interact ions. 

Three phenomena, wh ich line up 
w i t h the existence of Higgs bosons, 
could be observable in the presently 
available energy ranges. The first 
phenomenon was seen at Brookhaven 
in 1 9 6 4 — the violat ion of charge-
parity symmet ry in neutral kaon decay 
into t w o pions. The level of about one 
in a thousand, at wh ich this symmetry 
breaking occurs, can be explained as 
due to the exchange of Higgs bosons 
(as was first shown by T.D. Lee). 

The second phenomenon is the ex
istence of a neutron dipole moment , 
the deviat ion of the electric charge dis
t r ibut ion in the neutron f rom perfect 
symmetry , at the level of about 
1 0 " 2 4 (as was first shown by Ben Lee). 
Experiments so far have just about 
reached this level of precision but have 
not yet seen a dipole moment . An ex
per iment at present under way at the 
Laue-Langevin Inst i tute, Grenoble, 
could achieve suff icient accuracy to 
see the effect for the first t ime. 

The third phenomenon is the 
breakdown of muon conservat ion. J.D. 
Bjorken and Steve Weinberg have 
calculated that this breakdown could 
occur at the level of 1 0 " 8 ( though the 
assumpt ions that are fed into the 
calculat ion could put this f igure out by 
an order of magni tude) . Up to now the 
observed behaviour of the leptons has 
put them into t w o dist inct categories 
w i t h 'electroness' (the electron and 
electron-type neutrino) or muoness 
(the muon and muon- type neutr ino). If 
muon conservat ion holds, then the 
muon should always decay to give a 
muon- type neutr ino and never decay 
into an electron and a gamma. 

An exper iment at SIN is a t tempt ing 
to set a new lower l imit to the observa
t ion of this decay — 

muon electron + gamma 
Using the excellent muon beam 
available f rom the 5 9 0 MeV cyc lot ron, 
giving 5 x 1 0 5 stopped posit ive muons 
per second, they have been looking for 
the decay w i t h a sodium iodide detec
tor 16 x 1 6 x 2 4 c m 3 to spot the g a m 
ma. The prel iminary data seems to 
have a f ew events wh ich violate muon 
conservat ion to the level of a f ew t imes 
1 0 " 8 , close to the predict ion of the 
calculat ion based on the existence of 
the Higgs bosons. However, the SIN 
team stress the prel iminary nature of 
their data. The exper iment is being 
cont inued w i t h an improved detect ion 
system. A team at the TRIUMF 
cyclotron is also looking for this decay. 
A t the t ime of wr i t ing , they have not 
seen any events to a level be low that of 
the SIN data. 

Even if the ' forbidden' muon decay 
does not appear at the level of ac
curacy given by these present experi
ments, Steve Weinberg has enough 
conf idence in the Higgs bosons to 
believe that it wi l l be seen some day. 
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Cooling at Novosibirsk 

In our December issue, we out l ined the 
new accelerator techniques of beam 
cool ing wh ich may prove to be the 
most impor tant advance in accelerator 
technology for many years. The techn i 
ques come in t w o variet ies - electron 
cool ing developed at Novosibirsk and 
stochast ic cool ing developed at CERN. 
We have col lected some more detai l 
on the Novosibirsk work . 

The idea of electron cool ing was f irst 
proposed by Gersh Budker at the 
Saclay storage ring meet ing in 1966 . 
He was th ink ing of ways to achieve in 
tense beams of ant iprotons for a 2 5 
GeV proton-ant ipro ton col l id ing beam 
project known as VAPP-NAP. A 
reasonable flux of ant iprotons can be 
obta ined f rom a target bombarded by a 
proton beam of suff iciently high energy 
but the ant iprotons wou ld emerge w i t h 
a variety of momen ta . An a t tempt to 
hold the ant iprotons in an accelerator 
ring wou ld retain only a small propor
t ion of t hem since the accelerator 

wou ld be tuned correctly for only a 
small range of momenta . 

If, however, the ant iprotons could 
have their momenta concentrated 
around a part icular value then the ac
celerator, or storage r ing, could accept 
and hold a greater proport ion of the in
itial flux and high intensity ant iproton 
beams wou ld become feasible. 

The Budker idea is to send an 
electron beam along w i t h the an t i -
proton beam, travel l ing in the same 
direct ion and at the same velocity. As 
the t w o kinds of particle bounce off 
one another, there is an energy ex
change between them w h i c h has the 
effect, if the electron beam has a very 
small m o m e n t u m spread, of reducing 
the m o m e n t u m spread of the an
t iprotons. Perhaps inf luenced by the 
Siberian env i ronment , the technique 
was called electron cool ing — the 
electrons cool the hot gas of the 
heavier part icles by absorbing excess 
energy. The procedure is rather 

Partial view of the storage ring NAP-M, at the 
Institute of Nuclear Physics Novosibirsk where 
the electron cooling experiments have 
been carried out. On the far side of the 
ring is the cooling straight section 
where the electrons and protons 
travel together (the wedge shaped 
units bend the electrons in and out). 

(Photo Novosibirsk) 

analogous to mix ing gases at dif ferent 
temperatures, where they eventual ly 
reach on equi l ibr ium temperature , ex
cept that the electron gas in the coo l 
ing scheme is extracted and constant ly 
reinjected at the desired temperature. 

Experiments started in 1 9 7 4 on a 
small storage ring called NAP-M (NAP 
is the abbreviat ion of ant iproton 
storage ring and M stands for model) . It 
has the f o rm of a square w i t h rounded 
corners — the c i rcumference is 47 m 
and the length of the four straight sec
t ions is 7.1 m each. Af ter subsequent 
ref inements (f inished in January 1 976 ) 
the magnet ic f ields are stable to better 
than 1 part in 1 0 5 , the vacuum is better 
than 5 x 1 0 " 1 0 torr and the whole in 
stal lat ion is under computer contro l . 

One of the straight sections is used 
for inject ion of a proton beam f rom a 
1.5 MeV electrostat ic machine. The in
jected beam intensi ty is about 0.5 mA 
per pulse dur ing 4 us and the pulses 
are stacked to bui ld up an orb i t ing 
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Members of the Novosibirsk team, proudly 
displaying their first successful results from an 
electron cooling experiment in June 1974. 
Left to right the experimenters are 
I.N. Meshkov, B.N. Sukhina, D.V. Pestrikov, 
V. Ponomarenko, V.V. Parchomchuk 
and N.S. Dikansky. Other participants 
in the experiments are G.I. Budker, 
A.F. Buluchevf Ya. S. Derbenev, V.I.Kononov, 
V.I. Kydelainen, R.A. Salimov and 

A.N. Skrinsky. 

(Photo Novosibirsk) 

proton beam of up to 100 uA. A se
cond straight sect ion is used for the r.f. 
accelerat ing system. It can increase 
the proton energy up to 1 5 0 MeV in an 
accelerat ion t ime of 30 s. Mos t experi
ments were , in fact , carried out at a 
lower energy of 65 to 85 MeV. 

A third straight sect ion is used 
for beam observat ion. Proton beam 
d imensions are measured by three 
techniques. Aperture probes can be 
moved across the beam at l ow veloci ty 
and scint i l lat ion counters can detect 
protons scattered at a smal l angle 
f rom the probe edge. A related, non
destruct ive, method is to move a thin 
(2 to 3 u m ) quartz f i lament rapidly 
across the beam and to detect the 
scattered protons. A th i rd method is to 
fire a magnesium vapour jet across the 
vacuum chamber aperture and to 
detect and locate the electron ioniza
t ion caused in the area crossed by the 
proton beam. 

An addit ional beam observat ion 
method comes f rom the four th straight 
sect ion where the cool ing is appl ied. 
The protons and electrons can c o m 
bine to give neutral a toms w h i c h are 
not , of course, def lected by the 
magnet ic fields and emerge in the 
beam direct ion as a beam of fast 
neutral a toms extremely wel l co l -
l imated — for example, g iv ing a spot 
d iameter of less than a mi l l imetre 
some 10 m f rom the cool ing straight. 
This long lever arm makes it a sensit ive 
method to measure the size of the 
proton beam. 

The electron cool ing system has an 
electron gun able to provide electron 
beams of energy up to 100 keV and of 
intensity up to 1 A. For most exper i 
ments , w i t h 8 5 MeV proton beams, it 
ran at 4 5 keV w i t h currents around 
0.8 A. The electrons are bent into the 
storage ring straight sect ion and travel 
w i t h the protons for a cool ing length of 
1 m. They are then bent out again and 
col lected so that current is returned to 
the gun. In the straight sect ion a 
solenoidal f ield caused the electrons 

to execute t iny spirals around 
longi tudinal lines of force. This f ield is 
stable to better than 5 x 1 0 " 4 and the 
electron energy is stable to better than 
5 x 1 0~ 5. The electron energy has to be 
tuned so that the veloci ty difference 
between the protons and electrons is 
less than 1 x 10~ 3 before cool ing oc
curs. The tuning process is, however, 
qui te s t ra ight forward — the energy is 
adjusted until cool ing is seen to occur. 

The main result of the cool ing ex
per iments is as f o l l o w s : A 8 5 MeV 
proton beam of be tween 2 0 and 1 0 0 
uA can be cooled by a 4 5 keV electron 
beam of 0.8 A in 80 ms reaching an 
equi l ibr ium diameter of 0.5 m m . The 
energy spread in the proton beam is 
reduced to less than 1 0 " 5 and the 
angular spread to less than 5 x 1 0 " 5 . 
(Results reported by A.N. Skrinsky at 
the Tbilisi Conference in July of last 
year.) 

The exper iments have studied the 
var iat ion of the cool ing effect and 

the cool ing rate as parameters are 
changed. The results as they relate 
to betatron osci l lat ion damping , 
longi tudinal (or energy spread) damp
ing, equi l ibr ium proton beam condi 
t ions and pro ton beam l i fet imes (which 
increase by a factor of over five) can be 
found in the journal 'Particle Ac 
celerators' vol . 7, no 4 , 1976 . 

The big surprise in the recent 
measurements has been the rapid 
cool ing rate — much faster than 
was ant ic ipated f rom the equat ions 
descr ibing the cool ing mechanism. 
The complex theory has been ex
amined again by Ya. S. Derbenev and 
A .N . Skrinsky br inging in the inf luence 
of the s t rong longitudinal magnet ic 
f ie ld. It remains to test the revised 
theory. 

During the exper iments, the 
Novosibirsk team were also able to 
play an accelerator physics tr ick wh ich 
has long been talked about. By s lowly 
raising the electron beam energy and 
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Signals from the magnesium jet beam 
observation detector showing the distribution 
in the vertical direction of the protons in 
the beam orbiting NAP-M. The scale is 1 mm 
per division. The top trace records the 
beam after acceleration. The second trace 
shows how the beam shrinks in size and 
increases in density when the electron cooling 
(100mA of electrons in this case) is switched 
on. The proton beam rapidly reaches an 
equilibrium dimension of about 0.8mm. In the 
third trace the proton beam has been allowed 
to coast for about 2 minutes after acceleration. 
Again the cooling is switched on, bottom trace, 
and similar cooled beam characteristics are 
achieved. 

increasing the bending magnet f ields 
in the ring in step, they were able 
to accelerate the proton beam by the 
electron beam. For example, the 
proton beam energy was raised f rom 
65 MeV to 8 5 MeV in 2 0 0 s, cor
responding to an energy gain of 0.3 eV 
per turn, w i t h hardly any loss of par t i 
cles. 

The exci tement generated by the 
cool ing techniques centres on the pos
sibil i ty of producing high energy an-
t iproton beams w i t h intensit ies much 
higher than was conceivable before. 
Proton-ant iproton interact ions at 
hundreds of GeVenergy could not miss 
uncovering more physics and the pre
sent theories predict that many as yet 
unseen phenomena wil l appear in the 
interact ion energy range wh ich wi l l 
then become available. Proton-ant i 
pro ton col l iding beams also seem a 
comparat ively cheap route to this 
physics since the t w o beams could be 
accelerated in the same ring (like the 
fami l iar e lectron-posi t ron ring) and 
both CERN and Fermilab have a mul t i -
hundred GeV ring ready and wa i t ing . 

At CERN an initial cool ing experi
ment has been authorized. It wi l l use 
the magnet ring wh ich served for the 
g-2 experiment. The ring is to be rebuilt 
in the hall where the Gargamelle bub
ble chamber was housed, prior to its 
move to the SPS, and four 7.5 m 
straight sections wi l l be introduced. 
Protons wil l be fed in f rom the PS. The 
ring wi l l be used to study stochastic 
cool ing of the proton beam at 
momenta around 2 GeV/c and electron 
cool ing at momenta around 0.3 to 
0 .45 GeV/c (50 to 100 MeV energy). It 
is hoped that the experiment can begin 
at the end of this year. 

Fermilab is to build a ring to the 
south-west of the 8 GeV Booster ring 
to test electron cool ing. The ring could 
be used in that location for cool ing an-
t iprotons and it is also being designed 
in such a way that it could be recon
f igured for instal lat ion in the Booster 
ring if this is called for by the an-

t iproton scheme. The cool ing ring is 
140 m in c i rcumference w i th 5 m of 
cool ing straight. It wi l l store 2 0 0 MeV 
protons f rom the linac and an electron 
beam, up to 2 0 A, wi l l be provided by a 
110 keV klystron gun (a modif ied ver
sion of the type used on the Stanford 
SPEAR storage ring). The construct ion 
of the electron gun and the magnets is 
scheduled to be complete by the end of 
the Summer. 

In the Soviet Union, the Novosibirsk 
team have looked at the possibil i ty of 
applying electron cooling to an an-
t iproton faci l i ty for the proposed UNK 
(2 to 5 TeV) project. They have cool ing 
schemes wh ich they believe could 
yield luminosi t ies in the range of 1 0 3 1 

per c m 2 per s for coll iding p ro ton -
ant iproton beams at 2 x 1 0 0 0 GeV. 
There are also other appl icat ions of the 
cool ing technique wh ich are likely to 
receive at tent ion in the coming years. 

A good w a y of summing up the in
terest in the electron cool ing technique 
and the proton-ant iproton col l iding 
beam possibil i t ies that it opens up is to 
quote a typical ly pungent phrase f rom 
Bob Wi lson , Director of Fermi lab: 'If 
we physicists are suff ic ient ly c lever 
and manage to imp lement the col l iding 
beams, then the physics that wi l l result 
just boggles the mind. ' 
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25 years of INFN 

The Ist i tuto Nazionale di Fisica 
Nucleare, INFN, in Italy is celebrat ing 
its 2 5 t h anniversary. A ceremony was 
held in Rome on 1 5 December 1 9 7 6 at 
the Campidogl io in august company 
— Giovanni Leone (President of the 
Italian Republic), F.M. Mal fa t t i 
(Minister for Education), M. Pedini 
(Minister for the Co-ord inat ion of 
Scienti f ic and Technological Re
search), the Deputy Mayor of Rome, 
Members of Parl iament, of other State 
Inst i tut ions and of the Dip lomat ic 
Corps. 

During the ceremony Claudio Vi l l i , 
fo rmer President of INFN (from 1 9 7 0 
to 1975) recalled the w o r k of INFN 
wh ich has st rengthened, both in Italy 
and outside, its role as the leading 
national research organizat ion. He 
i l lustrated the perspect ives of present 
research in the field of part icle and 
nuclear physics, its impact on cul ture 
and its ' fal l -out ' in many other f ields of 
research and technology. 

In his reply, the Minister for 
Education stressed the impor tance of 
the scient i f ic policy of INFN wh ich 
operates w i th in the Italian Universit ies 
enabl ing them to part ic ipate in part icle 
and nuclear physics research at the 
highest levels. He gave assurance that 
the Government wou ld cont inue to 
support the development of this 
research and the work of INFN in 
particular. 

INFN was const i tu ted in 1951 
w i th in the Italian National Research 
Council w i t h the task of p romot 
ing, co-ord inat ing and per forming 
exper imental and theoret ical research 
in the f ie ld of fundamenta l nuclear 
physics, when individual university 
groups could no longer cope w i th the 
increasing complexi ty, both technical 
and organizat ional, of exper imentat ion 
in this f ie ld. The first President was 
Gilberto Bernardini and under his 
Presidency the Laborator io Nazionale 
di Frascati (LNF) was founded and 

Claudio Villi, former President of INFN, 
speaking at the official ceremony to mark the 
25th anniversary of INFN in the splendour 
of the Campidoglio in Rome. The President of 
Italy, Giovanni Leone, is in the front row of the 
audience third from the left. 

(International Press Photo) 

equipped w i t h an electron synchrotron 
of 1 GeV. 

During the term of off ice of the 
second President, Edoardo Amald i 
( 1 9 6 0 - 1 9 6 5 ) , the INFN groups in 
creased their act ivi t ies at CERN and 
began const ruct ion of the e lect ron-
posi t ron intersect ing storage r ings 
known as Adone, at LNF. The th i rd 
President w a s Giorgio Salvini ( 1 9 6 6 -
1969 ) . In 1 9 6 7 , INFN became an 
Inst i tut ion under publ ic law in Italy 
and became au tonomous f rom the 
Comi ta to Nazionale per I'Energia 
Nucleare (CNEN) in wh ich it had 
previously been incorporated. LNF, 
however, remained w i th in CNEN. 
During the same period, the Padua 
Laborator i Nazionali di Legnaro (LNL) 
were ins t i tu ted for nuclear physics 
research, in the f ramework of an 
agreement w i t h Padua University, and 
exper iments started at Adone. 

In the past six years, under the 
Presidency of Claudio Vil l i , INFN has 
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Photograph taken in 1966 during the 
construction of the large dome which tops the 
building housing the electron-positron 
storage ring, Adone, at Frascati. Adone has 
been INFN's major national instrument for 
particle physics in recent years. 

(Photo CNEN) 

An artist's drawing of the Laboratori Nazionali 
di Legnaro at Padua, one of the INFN's 
research centres. The buildings on the right are 
already in occupation and the large hall, 
drawn top left, will house a 32MV heavy ion 
tandem Van de Graaff which is part of INFN's 
present five year plan. 

been granted complete autonomy and 
full recognit ion as the Italian public 
agency responsible for the research 
in the f ield of fundamenta l nuclear 
physics, both in Italy and outside. In 
particular INFN ensures the promot ion, 
the co-ordinat ion and the f inancing of 
the Italian research activities carried 
out at CERN. 

In 1974 , the Interministerial 
Commit tee for Economic Planning 
(CIPE) decided to transfer LNF f rom 
CNEN to INFN and approved the INFN 
1 9 7 4 - 1 9 7 8 five year plan, wh ich 
contains provisions for Italian 
part ic ipat ion in experiments at the 
CERN 4 0 0 G e V proton synchrotron, 
the SPS, and for the development of 
facil i t ies for nuclear physics research. 
These are a 32 MV tandem for heavy 
ion beams at LNL, a 12 MV tandem at a 
new Laboratorio del Sud at Catania, 
and a polarized monochromat ic 
gamma beam at LNF wh ich wi l l be 
produced by the interact ion of a laser 
beam wi th the electron beam in 
Adone. 

At present INFN has seventeen 
research un i ts : the National Centre 
for the Analysis of Photograms 
(CNAF, Bologna), the t w o National 
Laboratories of Frascati and Legnaro 
and fourteen sections in the Institutes 
of Physics at the Universities of Tur in, 
Genoa, Mi lan, Pavia, Padua, Trieste, 
Bologna, Florence, Pisa, Rome, Naples, 
Bari, Catania and the Ist i tuto Superiore 
di Sanita in Rome. A research group 
f rom the University of Messina is 
associated w i t h the Catania sect ion, a 
research group f rom the Polytechnic 
Insti tute is associated w i th the Turin 
section and a research group f rom the 
Scuola Normale is associated w i th the 
Pisa sect ion. 

INFN has its operative centre at 
Frascati. Its decision taking body is a 
Council composed of the Directors of 
the research units and representatives 
of CNR, CNEN, the staff and the 
control l ing Ministr ies. The Council 
appoints an Executive Board of four 
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Around the Laboratories 

members w h o col laborate w i t h the 
President of INFN. The President is 
appointed by the Italian Government 
w i th advice f rom the Counci l . Advis ing 
the Council itself there are f ive 
consultat ive Commiss ions, one for 
each sector of research, whose 
members are elected by the 
researchers. 

The distr ibut ion of the sect ions 
gives INFN the closest possible co
operat ion w i th the Universit ies. It 
al lows INFN to make a substantial 
contr ibut ion to further developments 
of fundamenta l physics research 
w i th in the various Inst i tutes of Physics 
and to promote teaching in physics 
w i th particular emphasis on the 
fundamenta l nuclear physics sector. 

The direct al locations by the Italian 
Government for the research activit ies 
co-ordinated by INFN (including the 
contr ibut ion to CERN), increased f rom 
14.8GLire in 1 9 7 0 to 37 GLire in 
1976 and wi l l rise to 51 GLire for 
1977 . 

The INFN is now under the 
Presidency of Alberto Gigli Berzolari, 
and is beginning to evolve its next five 
year plan covering the period 1 9 7 9 -
1983 . It wi l l aim to cont inue to 
contr ibute to the economic and 
cultural development of Italy. 

This article was drawn from information 
supplied by A/essandro Pascolini, the CERN 
COURIER correspondent at INFN. 

STANFORD 
All hands talk 

Professor Panofsky gave his cus tom
ary 'State of S L A C talk to the staff on 
the Stanford Linear Accelerator Center 
on 19 January. The fo l lowing report is 
culled mainly f rom the talk w i t h some 
addit ional informat ion on the 
proposals for the f irst PEP experi
ments. 

President Ford's budget proposal for 
fiscal year 1978 beginning 1 October 
(which it is hoped wi l l survive the sub
sequent administrat ive changes in the 
USA), contains a 1 2 % increase in 
SLAC's budget compared to 1977 . 
Most of this wil l be eaten away by the 
inf lat ion factor wh ich this year wi l l be 
unusually severe (about 10%) because 
of an ant ic ipated doubl ing in electrical 
power charges, but there is, never
theless, a budget g rowth of a f ew per
cent reversing the trend of recent 
years. The budget g rowth wi l l a l low a 
modest increase in the experimental 
programme. 

The 4 GeV electron-posi tron storage 
ring, SPEAR, wi l l be used in a new 
series of experiments a iming at more 
detai led study of the 'new physics' 
wh ich has emerged since the dis
covery of the psi particles. At the end of 
1976 , the 'iron ball ' exper iment was 
moved out of east interact ion area and 
has been replaced by the 'DELCO' ex
per iment (see October issue, 1976) . 
The famous magnet ic detector, Mark I, 
wh ich found the psis, wi l l be replaced 
by an improved version, Mark II, dur ing 
a four month shu tdown of the ac
celerator and storage ring beginning in 
July. In particular, the new range of 
detectors developed for SPEAR wi l l 
have improved abilit ies for the obser
vat ion of neutral part icles emerging 
f rom the electron-posi tron interac
t ions. 

SPEAR is also the scene of the syn
chrotron radiation research in the 

SSRP (Stanford Synchrotron Radiation 
Project) wh ich looks dest ined for con
siderable development in the coming 
years. The President's budget has 
2.8 M $ earmarked for SSRP expan
sion in fiscal year 1 9 7 8 w i t h an ad
dit ional $ 2.8 mil l ion proposed for the 
subsequent t w o years. There is a ten 
tat ive agreement to give 5 0 % of 
SPEAR t ime to this research when PEP 
begins operat ion and there are plans 
for seven new beam ports to support 
many more experiments. 

A t the 22 GeV electron linear ac
celerator, the large aperture solenoid 
spectrometer , LASS, is now in regular 
operat ion and demonstra t ing its 
voracious appet i te for data. It is a 
general purpose faci l i ty and many ex
per iment proposals have been put 
fo rward to use it. The hybrid bubble 
chamber faci l i ty, based on the rapid 
cycl ing (ten or twe lve cycles per 
second) 4 0 inch chamber, also has 
many exper iment proposals for its use 
in a variety of conf igurat ions. The large 
magnet ic spectrometers still have a 
full list of exper iments particularly w i th 
polarized electron beams. A 
Spectrometer Workshop is to study 
the future of these monsters wh ich 
have been the major work-horses of 
the SLAC experimental programme for 
the past ten years. 

On the linac itself, the SLED project 
wi l l progressively increase the peak 
energy capabil i ty. The SLED scheme 
squeezes more power into the beam at 
the expense of pulse length. Over 
eighty SLED assemblies have been 
built and tested and many are installed 
at the linac. The present plans are to 
take the energy of 3 5 G e V but further 
extension w o u l d be possible if the 
physics calls for it. 

During the long shu tdown for the in 
stal lat ion of the Mark II detector at 
SPEAR, construct ion of the tunnels 
for the Berkeley/Stanford 18 GeV 
electron-posi t ron storage r ing, PEP, 
w i l l begin. The construct ion schedule 
has been advanced to take advantage 
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YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Begin SLED 
^ 35 GeV 

Decision on 
long pulse 

Add long 

pulse 

Linac physics 
in either mode 

LINAC 
22 GeV Growth to ^ 26 GeV 

SSRP 

SPEAR 
GeV e + e ~ 

> 1/2 SPEAR 
time to SSRP 

Decision on 
SPEAR HEP 

LBL 

Begin PEP I 
36 GeV e + e ~ 

PEP II? 
PEP 

PEP I 
36 GeV e + e ~ 200 GeV p 

| I Ready for physics Uncertain link 

of the long shu tdown to break into the 
swi tchyard at the end of linac for the 
inject ion tunnels. Once this w o r k is 
comple ted, the rest of PEP construc
t ion can go ahead w i thou t interference 
w i t h the experimental p rogramme on 
the existing facil i t ies. 

PEP components are most ly at 
engineering model stage. There are 
models of the bending magnets , 
quadrupoles and a ful l size 5 0 0 k W 
klystron. Over a quarter of the 
a lumin ium extruded vacuum vessels 
are on site. 

Nine proposals for the initial ex
per imental p rogramme at PEP have 
been received : A Berkeley/SLAC team 
has proposed a search for highly ioniz
ing part icles (such as magnet ic 
monopoles) using lexan sheets. An 
Argonne / Indiana / Mich igan / 
Nor thwestern / Purdue team has 
proposed a mul t ipurpose spect rometer 
w i th a superconduct ing solenoid 
wh ich wou ld be used init ial ly for 
product ion cross sect ion measure
ments and a general look at hadronic 
events. A Berkeley / UCLA / Yale / 
Riverside / John Hopkins team has 
proposed a detector based on the t ime 
project ion chamber to give excellent 
pat tern recogni t ion. A Berkeley/SLAC 
team proposes to move the Mark II 
detector f rom SPEAR to PEP for a 
general survey of particle product ion. 
A SLAC/Wisconsin team has proposed 
a lepton total energy detector using 
hadron and lepton calor imeters sur

rounding a solenoid and toroidal 
spectrometer. A Santa C ruz /Be rke ley / 
Michigan / SLAC team has proposed a 
mul t ipurpose detect ion system, known 
as 'Eyeball ' , built around a 2.5 m 
diameter streamer chamber. A B r o w n / 
Cal.Tech. / M I T / S L A C / Stanford team 
has proposed a mult ipurpose detect ion 
system using a three magnet array; it 
can explore the small angle region and 
could study t w o photon processes. A 
Davis / San Diego / Santa Barbara 
team has proposed a detect ion system 
for the forward direct ion pr imari ly to 
invest igate t w o photon processes. 

The proposals wi l l be evaluated by 
the Experimental Program Commi t tee 
so as to make recommendat ions to the 
Laboratory Directors by June. A l 
though PEP is scheduled for operat ion 
in 1 9 8 0 , this long lead t ime for the 
preparat ion of detectors is needed 
because of the complexi ty of the 
systems wh ich are needed to cope 
w i t h higher energy interact ions. 

RUTHERFORD 
Polarized filter for 
thermal neutrons 

The Rutherford Laboratory has for 
many years been the channel for 
UK University research w i t h neutron 
beams at the jo int French/German/UK 
reactor faci l i ty, Insti tut Laue-Langevin, 

The foreseen development of the facilities at 
the Stanford Linear Accelerator Center. The 
electron linac has the SLED project to increase 
its present peak energy of around 22 GeV to 
around 35GeV with the possibility of going 
higher later. The SPEAR electron-positron 
storage ring will continue to support high 
energy physics and synchrotron radiation 
research (SSRP) possibly concentrating on the 
latter in the 1980s. The Berkeley/Stanford 
18GeV electron-positron storage ring project, 
PEP, is scheduled to come on the air in 1980. 

at Grenoble. During this t ime the 
Laboratory has made important con 
t r ibut ions to the inst rumentat ion in this 
type of research (see, for example, the 
February issue 1976) . Their latest con
t r ibut ion is a new type of polarizing 
f i l ter for thermal neutrons. 

The idea emerged in the Labo
ratory's Neutron Beam Research Unit 
four years ago but required the 
mastery of t w o technological problems 
before it could successful ly prove its 
abil i t ies dur ing tests in January. 

Thermal neutrons w i th wavelengths 
around 1 A are strongly absorbed by 
nuclei of the e lement samar ium and, 
when the nuclei are polarized, they 
preferential ly absorb one of the t w o 
spin states of the incident neutrons. 
Thus the beam wh ich passes through 
the samar ium becomes polarized since 
one spin state is largely removed. 

Achiev ing a vo lume of samar ium in 
appropriate fo rm was technological 
problem number one. It was prepared, 
using 7 0 % of the wor ld 's supply of the 
isotopical ly enr iched samar ium oxide 
f rom Oak Ridge, as a single crystal w i t h 
the samar ium as dope atoms in a 
deuterated paramagnet ic salt. The 
result ing crystal , w i t h an impossibly 
long chemical fo rmu la , is known in ab
breviat ion as CSMN. 

The second technological problem 
is to polarize the samar ium nuclei to 
about 8 0 % . This is done by locating 
the crystal in the mix ing chamber of a 
hel ium 3/hel ium 4 di lut ion refrigerator 
(built by Oxford Inst rument Co. Ltd.) 
where it experiences a temperature of 
0 .016 K and a magnet f ield of 0.5 T. As 
in the fami l iar polarized targets used in 
high energy physics, the polarized 
electrons of the samar ium atoms pull 
the nuclei into line and give the re
quired polar izat ion. 

Despite these compl icat ions, this 
new method of thermal neutron 
polarization has advantages over the 
convent ional method using spin 
dependent scat ter ing of protons in 
a polarized proton target w i t h 
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Diagram illustrating the operating principle of 
the neutral particle detector, indicating in 
this case the detection of a photon using lead as 
the converter. The electron initiated in the lead 
by the photon creates ionization in a 
neighbouring hole which drifts to the 
corresponding wire of a proportional chamber. 
Positional accuracies in two dimensions 
equivalent to the hole spacing (about 1 mm) are 
obtained. 

microwave pumping . The measure
ments using the C S M N fi l ter in 
January were in good agreement w i t h 
the theoret ical predict ions. The f i l ter 
opens the door to a new range of ex
per iments w i t h high intensi ty polarized 
neutron beams. 

CERN 
Neutral detection wi th 
high density chambers 

Many detect ion techniques can be ap
plied to the observat ion of charged 
par t ic les; their wake of ionizat ion can 
be picked out in several ways. Neutral 
radiat ion (neutrons, gammas . X-rays) 
is more elusive, part icular ly at modest 
energies where the radiat ion converts 
to low energy charged part ic les wh i ch 
wi l l not subsequent ly traverse both 
t r igger ing devices and fur ther detec
tors. Usually all the required in fo rma
t ion has to be gleaned f r om a restr icted 
vo lume in a single detector . 

This problem has been conf ronted 
by Alan Jeavons in co l laborat ion w i t h 
CERN colleagues and scient ists f rom 
Geneva University. They have emerged 
w i t h a detect ion technique wh ich has 
potent ia l in a w ide var iety of appl ica
t ions in high energy physics, o ther 
science discipl ines and medic ine. It 
improves the spatial resolut ion of neu
tral radiat ion detectors to about 1 m m 
and can be adapted in d i f ferent con 
f igurat ions to give other in fo rmat ion . 

The basic principle is to place a 
neutral radiation converter fo l l owed by 
a dri f t region in f ront of a propor t ional 
chamber. The drift region has a h igh 
densi ty material pierced w i t h holes 
perpendicular to the chamber planes 
and an electric f ield appl ied in the 
same direct ion. The neutral radiat ion 
init iates a charged part icle in the con 
verter, it emerges into one of the 
nearest holes and produces free 
electrons by ionizing the gas in the 

hole. Under the inf luence of the f ield 
these electrons drift to the proport ional 
chamber and give the particle posi t ion 
in t w o dimensions. The high density 
material prevents the spread of the 
ionizat ion and can also act as con
verter. The spatial resolut ion is deter
mined by the hole spacing in the high 
density material wh ich can be of the 
order of a mi l l imetre. To i l lustrate the 
various possible adaptat ions of this 
basic scheme w e can consider some 
potent ia l appl icat ions: 

Low energy neutron beams are used 
for neutron crystal lography in solid 
state studies. The detector of the scat
tered neutrons should ideally retain its 
spatial resolut ion for neutrons enter ing 
at w ide angles. The convent ional ly 
used gas proport ional chambers do not 
achieve this. The new detector can use 
a thin foil of gadol in ium wh ich has a 
very high absorpt ion cross sect ion for 
thermal neutrons giv ing a g a m m a 
wh ich rapidly converts to an electron. 

The electron escapes f rom the th in foil 
into the dri f t space of the detector and 
accurately gives the locat ion of the in 
coming neutron in t w o d imensions. 

For exper iments where epi thermal 
neutrons are involved, vir tual ly the 
same per formance can be achieved by 
replacing the gadol in ium by hafn ium 
as the converter. For exper iments 
where fast neutrons are involved, a 
plastic mater ial can be used as the 
converter giv ing a knock-on proton to 
init iate the ionization and localize the 
neutron. 

A small chamber ( 4 x 4 c m 2 ) has 
been tested w i t h thermal neutrons at 
the Inst i tute Laue-Langevin, Grenoble. 
A detect ion eff iciency of 2 2 % was 
achieved (in close agreement w i t h the 
theoret ical f igure of 2 1 . 8 % for 1.8 A 
neutrons) and a spatial resolut ion of 
1 m m . Larger area detectors (say 
1 x 1 m 2 ) are feasible. 

The range of potent ia l appl icat ions 
in X-ray and g a m m a detect ion is con-

+ Photon 
I P h o t o / C o m p t o n 

MPC 
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One of the two gamma chambers using the new 
detector principle. The sensitive area 
(10 x 10 cm2) is at the centre left of the 
chamber. It has been used in positron imaging 
tests for solid state physics and medical 
diagnostic applications. Standing alongside is 
K. Kull who led the careful construction of the 
detector in the CERN West Workshop. 

(Photo CERN 279.10.75) 

A skull, with a positron emitting cone inside, 
flanked by the two gamma chambers. Clear 
three dimensional information on the cone 
location was obtained. To simulate the usual 
body environment, the skull was filled with 
water but unfortunately the skull was cracked 
and leaked. Intrepid CERN researchers 
carried the skull into a Geneva department 
store to be fitted with a bathing cap. The 
saleswoman insisted that the fitting took place 
in a curtained booth I 

(Photo CERN 11.7.76) 

siderable. Two experimental gamma 
chambers have been built to study 
'posi tron imaging ' (for exper iments 
described below). They have an area of 
1 0 x 1 0 c m 2 and a dri f t region c o m 
prising t w o overlapping stacks of 7 5 
th in lead b ismuth plates interleaved 
w i th epoxy resin sheets. A resistor 
chain down the plates gives the neces
sary electric f ield. They have shown 
good detect ion efficiencies and the ex
pected spatial resolution of 1 m m . 

The interest in posi t ron imaging 
comes f rom solid state physics and 
medic ine. W h e n low energy posi t rons 
are f ired into a sol id, they come rapidly 
to rest and annihilate w i t h an electron. 
If the result ing t w o gamma rays of 0.5 
MeV can be located w i t h accuracy, 
they yield in format ion on the a tomic 
and electronic structure of the sol id. An 
electron-posi t ron annihi lat ion at rest 
w o u l d give gammas emerging 'back-
to-back ' but because of the mot ion of 
the electron they emerge at a sl ight 

angle to one another. Irregularit ies in 
the g a m m a distr ibut ion can indicate 
defects in the crystal planes and 
posi tron imaging can thus be used in 
materials stress analyses, etc... In 
materials free f rom defects, the 
characterist ic electron m o m e n t u m dis
t r ibut ion can be seen. 

A test at CERN used this technique 
to look at the electron momenta dis
t r ibut ion in copper w i th the t w o g a m 
ma chambers set wel l apart on either 
side of the copper to measure the g a m 
ma angles. The known distort ion of the 
Fermi surface due to the crystal struc
ture of copper was clearly seen. 

The technique is part icularly in
terest ing for the study of alloys since it 
does not depend on crystal perfect ion 
like other techniques. It is also an ad
vance over convent ional techniques in 
giving t w o dimensional in format ion 
and a much faster data taking rate. The 
t w o gamma chambers have been 
moved to the University of Geneva to 

pursue research of this type. 
Before they were moved, a look was 

taken at medical appl icat ions. A skull 
(possibly of an unpopular group leader) 
was found in a cupboard at CERN. A 
plastic cone surrounded by a positron 
emit ter was inserted in the skull and 
the g a m m a chambers were placed 
close on opposi te sides of the skull. 
Computer analysis of the emerg ing 
gamma direct ions enabled t o m o 
graphs to be produced (see the 
article on the Tomoscanner) . The slices 
through the skull at 5 m m intervals 
revealed the locat ion of the posi t ron 
emi t t ing cone w i t h mi l l imetre ac
curacy. The use of positron emit ters in 
diagnost ic wo rk has been hindered up 
to now because of poor detect ion 
techniques; it looks as if that no longer 
needs to be a deterrent. 

A medical d ream is to be able to 
scan the heart, after inject ion of a 
posi t ron emi t t ing isotope such as 
carbon in the b lood, and to image the 
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The large aperture magnet (on loan from 
the Rutherford Laboratory) for Omicron, 
Installed In the Proton Hall at the CERN 
600MeV synchro-cyclotron. A 'helium box' 
holding detectors will slide into the aperture 
and in the foreground is the platform which will 
hold the box while the detectors receive 
attention. The magnet can be rotated on a turn
table to receive different beams. 

(Photo CERN 41.1.77) 

coronary arteries. Fast d iagnost ic 
scanning could then be used to screen 
people for artery constr ic t ion before 
heart failure manifests itself. 

There are other research topics 
where the new technique could be 
useful. For example, Mossbauer spec
t roscopy, involv ing strong resonance 
absorpt ion of gammas, can benefi t 
f rom a posi t ion sensit ive g a m m a 
detector. Electrophoresis can also 
benefit . This is chromatography 
separat ing ions in solut ion by passing 
them through a f i l ter where they have 
dif ferent mobi l i t ies in an appl ied f ield. 
Filtered ions, col lected on a fo i l , can be 
placed in front of the detector where 
the converter is normal ly posi t ioned. 
The chamber signals wi l l then image 
the radioactive ion dist r ibut ions on the 
foi l . 

In high energy physics, the detector 
migh t f ind appl icat ion for high energy 
gamma detect ion. For example, the 
electron shower produced in the dri f t 
region by a high energy g a m m a could 
be made to dri f t back in the di rect ion 
of the incoming g a m m a . The f irst 
detected electrons wou ld give infor
mat ion on the point of conversion w i t h 
good accuracy, the total number of 
electrons wou ld give in format ion on 
total energy and the 'centre of gravi ty ' 
of the detected electrons w o u l d give 
in format ion on the di rect ion of the 
shower. A chamber to test these pos
sibil i t ies has been buil t but not yet tr ied 
out in a gamma beam. 

An exotic idea in the realm of par t i 
cle physics, being worked on at Bell 
Labs., concerns the observat ion of low 
energy solar neutr inos. They believe 
that there is a comparat ive ly high cross 
section in indium for such neutr inos to 
interact yielding t w o electrons in 
delayed coincidence. The detect ion 
technique could be appl ied in large ar
rays w i t h indium grids and the relevant 
signal wou ld be t w o electrons 
recording in the same hole (localizing 
the neutr ino w i th in a mi l l imetre) w i t h i n 
1 us of one another. 

Omicron 
making ready 

A mul t ipurpose detect ion system is 
being bui l t at the CERN 6 0 0 M e V 
synchro-cyc lo t ron, the SC, under the 
name of 'Omicron' . It aims to comple
ment the experimental resources of 
the new meson factories (Los A lamos, 
SIN and TRIUMF) by taking advantage 
of the special features of the SC. 

The SC cannot compete , by a long 
way, w i t h the beam intensit ies 
available at the factor ies. A lso the 
meson factor ies have single arm 
spectrometers of extremely high 
resolut ion making possible some 
precision experiments wh ich are 
beyond the abil i t ies of the SC in
s t rumentat ion. However, the SC does 
have a much longer 'real ' duty cycle. By 
manoeuvr ing w i t h the protons at the 
rim of the machine whi le the next ac
celerat ion cycle is under way, the SC 
can give a structureless spill of par t i 
cles to experiments w i t h a duty cycle 
as high as 8 2 % . This is excellent for 
'coincidence' experiments. The idea of 
Omicron is to provide a flexible inst ru
ment for this type of experiment. It wi l l 
also be able to study 'backward ' reac
t ions wh ich the single arm 
spectrometers f ind diff icult. Thus 
Omicron, despite lower beam in ten
sities and lower resolut ion, comp le 
ments the experimental resources 
available to the factory workers . 

Omicron uses a large aperture 

magnet (gap height of 8 5 c m , w i d t h of 
1 m and length of 1.8m) on loan f rom 
the Rutherford Laboratory where it had 
previously been used w i t h a hel ium 
bubble chamber. The pole faces have 
been remade to become spec
t rometer - type rather than bubble 
chamber- type (wi th camera apertures) 
using steel f rom the Liverpool synchro
cyc lot ron. Old soldiers never die. The 
peak f ield w i t h the presently available 
powersupp l y is 1 T. The magnet can be 
rotated on a turn-table so as to be able 
to accept beams f rom several direc
t ions. Power and cool ing water con 
nect ions enter via a ' c rown ' at the top 
centre of the magnet to make these 
manoeuvres possible. 

The detectors w i th in the aperture 
wi l l be enclosed in a box f i l led w i th 
hel ium to reduce mult ip le scatter ing 
wh ich can be t roublesome at the low 
energies of the SC. The box can slide in 
and out on an air cushion so that the 
detectors can be worked on comfor t 
ably outs ide the magnet. Mu l t iw i re 
proport ional chambers, scint i l lat ion 
counters and drift chambers make up 
the initial detect ion system. 

The f irst exper iment wi l l be a study 
of pion scat ter ing on nuclei to obtain 
data on backward scatter ing for these 
interact ions. The list of other likely ex
per iments is l o n g : studies of rare 
decay modes of the p ion, double 
charge exchange over all angles, 
radiative capture, pion product ion us
ing neutron beams (where there are 
f ew data available at present)... 
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This spectacular bouquet of particles was 
photographed in the 3.7 m European bubble 
chamber, BEBC, when it was exposed to high 
energy neutrinos generated by the 400GeV 
proton synchrotron, the SPS. The primary 
neutrino interaction is at the bottom of the 
photograph. 

Below is the rear view of BEBC surrounded by 
the curtains of wire chambers known as the 
External Muon Identifier. Installation of the EMI, 
which was described in the April issue 1976 is 
now complete and it is running well. 

(Photo CERN 374.1.77) 

The col laborat ion of groups w h i c h 
wi l l use Omicron has the convenient 
acronym of COBALT - CERN, Oxford, 
B i rmingham, Amste rdam (IKO and 
Free University), Ljubljana and Torino. 
The project has been p romoted par
t icular ly by Neil Tanner f rom Oxford 
and Tul l io Bressani f rom Turin. Brian 
Al lardyce and Ernst Michael is super
vise its progress at CERN. The magnet 
is now instal led in the SC Proton Hall 
and it is hoped to begin the first experi
ment this summer . 

NOVOSIBIRSK 
Synchrotron radiation 
research 
On 8 - 1 0 February, a 'Second Work ing 
Conference' took place at Novosibirsk, 
on the use of synchrotron radiat ion 
f rom the storage rings of the Nuclear 
Physics Inst i tute. The Conference was 
at tended by ninety scientists f rom 
t w e n t y - t w o Inst i tutes in the Soviet 
Union and there were guests f r om 
France, the Federal Republic of Ger
many and the UK. 

The Nuclear Physics Inst i tute is the 
main centre for synchrotron radiat ion 
exper iments in the Soviet Union. As far 
back as the const ruct ion days of 
the first e lectron storage rings at 
Novosibirsk (VEPP-1 and VEPP-2), 
Gersh Budker d rew at tent ion to their 
unique potent ia l as a source of radia
t ion over a w ide range of wavelengths. 
Research using this radiat ion started in 
July 1 9 7 3 , after the VEPP-3 storage 
ring (2.2 GeV peak energy per beam) 
was equipped w i t h a port to a l low the 
synchrotron radiat ion out. It was X-ray 
structural analysis carried out by a 
group f rom the A tom ic Energy Inst i tute 
of Moscow. 

A t the beginning of 1 9 7 4 , X-ray 
spectra invest igat ions were started by 
the Inst i tute of Inorganic Chemistry of 
Novosibirsk on the VEPP-2 storage 
ring. Subsequent ly , the number of ex-
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per imental groups increased rapidly 
and, at the present t ime, the research 
involves f i f teen groups (about 6 5 
scientists) f rom var ious Inst i tutes 
in the Soviet Union (Novosibirsk, 
Moscow, Pushchino, Leningrad, 
Uzhgorod and Tomsk) . All of the ex
per iments requir ing vacuum ultraviolet 
and soft X-rays are per formed at the 
VEPP-2M storage ring (beam energy 
0.67 GeV) and those requir ing X-rays 
are per formed at the VEPP-3 storage 
ring. The research p rogrammes at the 
Inst i tute are directed by A .N . Skrinsky. 

The principal parameters of the 
storage rings wh i ch determine their 
qual i ty as synchrot ron radiat ion 
sources are as f o l l o w s : VEPP-2M has 
an energy of 0 .67 GeV, a radius of 
1.22 m, a revolut ion f requency of 
16.7 MHz, a current of 1 0 0 m A , 
transverse beam d imensions of 1.9 x 
0 .12 m m 2 , a bunch length of 5 c m and 
a l i fet ime of 0 .5 to 10 hours. VEPP-3 
has an energy of 2 .2GeV, a radius of 
6.15 m, a revolut ion f requency of 
4 .03 MHz, a current of 1 0 0 m A , 
transverse beam dimensions of 1.5 x 
0 . 1 5 m m 2 , a bunch length of 2 0 c m 
and a l i fet ime of 2 to 100 hours. The 
beam character ist ics of the syn
chrot ron radiat ion f r om the storage 
rings wh i ch determine the qual i t ies of 
the radiat ion sources for the ' con
sumer ' are as fo l lows: VEPP-2M has 
three or four channels 2 m long, a 
useful spect rum f rom 6 to 3 0 0 0 
angstroms, an irradiance (photons per 
c m 2 per s) of 0.2 to 2 x 1 0 1 6 A I 11 and 
a source br ightness (photons per c m 2 

per steradian per s) of 1 to 5 x 
1 0 2 3 A /.//.. VEPP-3 has one to three 
channels 2.5 m long, a useful spect rum 
f rom 0.5 to 6 angst roms, an irradiance 
of 0.1 to 2 x 1 0 1 7 and a br ightness of 2 
to 8 x 1 0 2 3 . 

A feature of the channels is their 
short length, wh i ch , even w i t hou t 
focusing, provides a high quan tum 
density in the region where the ex
per imental apparatus is instal led. The 
Nuclear Physics Inst i tute part ic ipates 

in the preparat ion of var ious experi
ments by providing modern apparatus, 
computer control systems, au tomat ion 
of exper iments, detector deve lopment 
and manufacture, spectrometers, etc. 
The fo l lowing are examples of equip
ment produced in the laboratories of 
V.A. Sidorov and A.G. Khabakhpashev: 
1. A two-coord ina te , 4 0 0 0 channel 
detector for X-rays was made at the 
end of 1974 . Data is d rawn f rom t w o 
cathode planes of a proport ional 
chamber. A high speed digital 
a lgor i thm is used to compute (in 1 us) 
the transit t ime w i t h a resolut ion of 
1 0 0 n s and a spatial resolut ion of 
2 m m . The data is transferred to a M-
6 0 0 0 computer . At the beginning of 
1977 , a 16 0 0 0 channel detector was 
comple ted . 
2 . A single coordinate proport ional 
chamber for recording quanta of 
energy f rom 5 to 2 0 M e V has been 
used since 1 9 7 5 in various exper i 
ments. It has an eff iciency of 1 0 0 % , a 

Participants at the Conference on synchrotron 
radiation, held at Novosibirsk in February, 
were photographed in the control room of the 
VEPP-3 electron-positron storage ring. 
Left to right are — Ian Munroe (Daresbury), 
E. Perevedentsev (Novosibirsk), Phil Duke 
(Daresbury), P. Dhez (Orsay) and G. Ku/ipanov 
(Novosibirsk). 

The luminescent beam track of the synchrotron 
radiation emerging from the VEPP-3 storage 
ring through a beryllium foil into the 
atmosphere. 

(Photos Novosibirsk) 

spatial resolut ion of up to 0.1 m m , and 
is capable of high data taking rates (up 
to 2 x 1 0 5 per second). The detector 
operates on- l ine w i t h a M - 6 0 0 0 c o m 
puter. 
3. A precision X-ray spectrometer , 
operat ing in conjunct ion w i t h an 'Odra-
1 3 2 5 ' computer , has been used since 
1975 in exper iments to determine the 
f ine structure of absorpt ion spectra. 
The spect rometer consists of a c o m 
puter contro l led monochromator w i th 
an angular read-out accuracy of 
3 seconds of arc and a detector 
(photomul t ip l ier , semiconductor de
tector, proport ional or ionizat ion 
chamber) on-l ine to the computer . The 
processed data can be displayed in 
graphical f o rm . 

Synchrot ron radiat ion is current ly 
being used at the Inst i tute for X-ray 
structural analysis. X-ray and u l t ra
violet spectroscopy. X-ray topography, 
trace e lement analysis. X-ray 
microscopy and l i thography. The fo l -
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lowing three examples indicate the 
level of the experimental work . 
Biologists f rom the Biological Physics 
Inst i tute, Pushchino, and physicists 
f rom Novosibirsk are col laborat ing in 
smal l-angle di f f ract ion exper iments 
wh i ch can study the dynamics of l iving 
muscular t issue. A special detect ion 
system has made it possible to take the 
first mot ion pictures (frame t i m e : 
8 ms) f rom X-ray photographs of l iving 
muscular t issue and to wa t ch the 
changes in the muscle in the various 
phases of contract ion. The first experi
ment super imposed data f rom 100 
muscle contract ions. 

X-ray spectral analysis exper iments 
have been carried out by the Inst i tute 
of Inorganic Chemistry, Novosibirsk, in 
the 50 to 2 0 0 angstrom region, using 
a grazing- impact spect rometer w i t h 
a concave dif fract ion latt ice, and 
a resolut ion of 0 .05 angstroms. 
Investigations were made into the L | M | | 

absorpt ion edge of molecules c o m 
posed of t w o or three atoms. The high 
resolut ion due to the source br ightness 
made it possible to observe the 
vibrat ional structure of the Rydberg 
states. 

The optical propert ies of semicon
ductors such as A s 2 S 3 have been 
studied by the Insti tute of Au tomat ion 
and Electrometry, Novosibirsk. They 
revealed variat ions in the refractive in
dex of the order of 0.1 (with radiat ion 
of 6 3 0 0 angstroms) wh ich makes it 
possible to obtain a phase contrast of 
more than 2 n f o r a 5 to 1 Oum f i lm. The 

high resolving power made it possible 
to obtain, by contact project ion of a 
test specimen (using a nickel gr id, w i th 
a mesh of 3 0 um and strands 7 urn 
thick) a phase-contrasted image w i th 
a spatial resolut ion better than 
0.5 | jm. 

HAEFELY/KARLSRUHE 
Fast neutron 
generator 

Medical appl icat ions of accelerated 
beams are being pursued w i th several 
types of particle. The potent ial of 
hel ium ions and heavy ions was con
sidered in the article on work at Saclay 
last month . Several centres such as 
Hammersmi th Hospital and Fermilab 
have concentrated on the use of 
neutrons. A new inst rument for the 
generat ion of fast neutrons has been 
put on the market by Haefely fo l lowing 
wo rk at the Insti tute for Appl ied 
Nuclear Physics at the Gesellschaft f i i r 
Kernforschung (GFK), Karlsruhe. 

K.A. Schmidt invented a sealed high 
power neutron tube known as KARIN 
(Karlsruhe Intense Neutron generator). 
It accelerates a mixed beam of 
deuter ium and t r i t ium ions using a very 
compact 2 5 0 kV d.c. accelerator con
structed using advanced vacuum tube 
techniques and operat ing under u l t ra
high vacuum. The beam, d rawn f rom 

Small angle X-ray measurements of muscle 
contraction (the sartorius muscle of a frog) 
taken in an experiment at the synchrotron 
radiation facility on the VEPP-3 storage ring. 
The readings were taken at intervals of 8ms. 
The intensities and data taking rates which are 
now accessible in synchrotron radiation 
research are making it possible to study living 
organisms. 

an ion source where a low pressure gas 
discharge is mainta ined fed by a 
t r i t ium reservoir integral w i t h the tube, 
is directed onto a target electrode 
coated w i t h a thin layer of scand ium-
tr i t ium-deuter ide. 14 MeV neutrons 
emerge f rom the deuter ium- t r i t ium 
fusion reactions wh ich result. 

The use of a mixed beam reduces 
the neutron yield compared to conven
t ional accelerators but serves to 
replenish the target t r i t ium and thus 
to extend the target life so that the 
neutron yield does not decrease ex
ponential ly w i t h t ime but stays almost 
constant. For example, a life of 7 0 0 
hours to 1 0 0 0 hours can be achieved 
before the neutron output decreases 
by 3 0 % . Typical operat ing parameters 
are an ion current of 1 50 mA at 2 0 0 
keV energy (beam power of 3 0 kW) 
yielding 6.5 x 1 0 1 2 neutrons per 
second. Dose levels f rom the generator 
are 2 0 rads/min at a distance of 85 cm. 

The tube is enclosed in a shielding 
source head wh ich absorbs all the 
neutrons wh ich are not emi t ted in the 
direct ion of the patient. The shield con
sists of layers of steel, polyethylene i m 
pregnated w i t h boron carbide, and 
lead. The we ight of the source head is 
about 8.5 tons and it can be rotated 
isocentrical ly so as to irradiate the 
tumour area f rom several directions. 
Control of the generator and mon i to r 
ing of the dose rate is s t ra ight forward 
and operat ion is as easy as it is for con
vent ional X-ray equipment. 

Fol lowing the research at Karlsruhe, 
the German Cancer Research Centre at 
Heidelberg took up the development of 
a clinical model and also produced the 
radiat ion moni tor ing system. The 
model was instal led at Heidelberg in 
August 1 9 7 6 and clinical trials of fast 
neutron cancer therapy are beginning. 
Haefely has the license to produce 
KARIN generator tubes for use in 
hospitals, in act ivat ion analysis and 
in other research and industrial 
appl icat ions. 
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of Collimator 

Schematic diagram of KARIN, the intense 
neutron generator tube, developed at 
Karlsruhe. A beam of deuterium and tritium 
ions is accelerated to strike a target giving 
fusion reactions at such a rate that the tube 
produces more than 5 x 10yl neutrons per 
second at 14 MeV. 
The neutron generator as marketed by Haefely 
for use in fast neutron cancer therapy. The 
generator tube is surrounded by a shielding 
source head to absorb neutrons not directly 
directed towards the patient. The generator can 
be rotated around the patient to achieve 
irradiations from several directions. 

(Photo Haefely) 

Tomoscanner 

A t the end of January, J . and P. 
Engineer ing, Reading, UK, announced 
the avai labi l i ty of the f i rst isotope 
tomoscanner for medica l d iagnosis. 
This adds a n e w d iagnost ic techn ique 
related to the EMI X-ray scanner, 
w h i c h has been brought into w i d e 
spread use in recent years. 

The X- ray scanner detec ts ab
normal i t ies by measur ing var iat ions in 
X-ray t ransmiss ion th rough the body. 
The n e w Tomoscanner detec ts abnor
mal i t ies by measur ing var ia t ions in 
radioact iv i ty f r om isotopes in jected 
into the body. Like its X-ray an teced
ent, the Tomoscanner rotates around 
the region of interest and, via c o m 
puter calculat ions, can give i n fo rma
t ion on sl ices th rough the region ( f rom 
the Greek, ' t o m o s ' - sl ice). 

The t w o techniques can per fo rm 
many of the same diagnost ic inves
t iga t ions but there are abnormal i t ies 
where each techn ique has the advan
tage. For example, the EMI scanner can 
spot lesions w h i c h wi l l not be picked 
ou t by the other m e t h o d ; the 
Tomoscanner can spot some types of 
t u m o u r w h i c h are elusive to the X-ray 
m e t h o d . Ideally both techn iques w o u l d 
be avai lable. 

The Tomoscanner has t w o detec tors 
wh i ch are located on opposi te sides of 
the pat ient and are moved a round , 
p ick ing up the radiat ion at d i f ferent 
angles. A compu te r feeds a colour dis
play of the var ia t ions in radioact iv i ty 
f r om the region be ing invest igated. 
The w h o l e process normal ly takes 
be tween four and seven minutes . 

The design of the Tomoscanner w a s 
in i t ia ted at Aberdeen Royal Inf i rmary 
by W. Keyes and has been deve loped 
at J . and P. Engineering by A n t h o n y 
Bernard and Paul Bradstock. A n t h o n y 
Bernard said tha t 'In produc ing 
sophis t ica ted medical ins t ruments 
such as the Tomoscanner , w e value 
very h ighly the experience ga ined in 
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work ing in research physics establ ish
ments, such as CERN. The Tomoscan
ner is one example of the spin off f rom 
modern physics research into other 
aspects of life.' 

The first product ion machine has 
been on evaluation at the hospital in 
Tubingen in Germany and has now 
moved to the Kantonsspital in Zurich. 
The first order has been received f rom 
the hospital of Essen in Germany and 
the company hopes that the c o m 
paratively low price of the Tomoscan
ner (£ 6 5 0 0 0 ) wi l l open a big market 
in medical diagnosis. 

Sitting at present in the HiRise building at 
Fermilab is this model of the High Intensity 
Laboratory which is now under construction in 
the Proton Area. The proton beam entering 
from the left will hit a heavily shielded target 
and secondary beams can be drawn off at zero 
degrees and fed to an underground 
experimental hall via a beam transport system 
of superconducting magnets. 

(Photo Fermilab) 

FERMILAB 
Progress on High 
Intensity Laboratory 

Construct ion is proceeding rapidly on 
the new High Intensity Laboratory in 
the west branch of the Proton Area at 
Fermilab. It wi l l permit operat ion w i th 
high intensity pion and other beams 
and, ul t imately, wi l l be able to operate 
at 1000 GeV w i th the advent of beams 
f rom the Energy Doubler/Saver. Since 
ground-breaking in the middle of sum
mer 1976 , the 2 4 0 m of beam tunnel 
and a 7 0 m long experimental hall have 
been completed. Brad Cox, Head of the 
Proton Department, w h o has led the 
design and construct ion of this new 
Laboratory, hopes that the construc
t ion phase wi l l be complete in the early 
summer. At present, the instal lat ion of 
3 0 0 0 tons of steel shielding is taking 
place at the target zone. 

The Tomoscanner in use for the investigation 
of possible brain tumour. Experience from 
about a thousand such scans shows that the 
Tomoscanner can confirm lesions which are 
equivocal in other scans and can distinguish 
between cerebral infarcts, subdural and 
extradural hasmatoma. 

(Photo J. and P. Engineering) 

The design of the superconduct ing 
magnets and hel ium refrigeration 
systems for the beam transport into 
the High Intensity Laboratory is under 
way in the Proton Department. The 
magnets wi l l be particularly important 
in handling 1 OOOGeV beams. Installa
t ion of the first of these magnets wil l 
take place in late summer and a 4 0 0 
GeV beam transport system is 
scheduled to be in place by the sum
mer of 1978 when the first experi
ments should begin. A t that t ime it wi l l 
be possible to d raw both neutral and 
charged particle beams at zero 
degrees f rom the proton target. High 
intensity charged particle beams (up to 
1 0 1 0 pions per 1 0 1 3 protons on target) 
wi l l be provided by the sextupole cor
rected beam transport system. In addi
t ion, exper imentat ion w i th high quali ty 
and high intensity ant iproton and 
electron beams is planned for this new 
Laboratory. 

KARLSRUHE 
Superconducting quads 
for SPS experiment 
In 1 9 7 4 , CERN and the Laboratories of 
the GESSS col laborat ion (Karlsruhe, 
Rutherford and Saclay) decided not to 
pursue the development of pulsed 
superconduct ing magnets for the SPS. 
Instead, the Labs, tackled other pro
jects for CERN where superconduct ing 
magnets were desirable. It was 

?roto, 

Target 
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Drawing of an electron-muon event as seen in 
the PLUTO detector on the DORIS storage rings 
at DESY. They have added important evidence 
for the existence of heavy leptons. 

decided w i th in GESSS (Group for 
European Superconduct ing Systems 
Study) that Karlsruhe wou ld construct 
and install t w o quadrupole magnets 
for the SPS exper iment W A 2 wh ich 
looks at the leptonic decays of 
hyperons. 

T w o quadrupoles are required in the 
beam line to match the character ist ics 
of the hyperon beam emerg ing f rom a 
target bombarded by the pr imary 
proton beam to the acceptance of the 
exper iment 's spectrometer . Due to the 
short l i fet imes of the hyperons, their 
path lengths need to be kept short and 
this calls for the use of high f ield super
conduct ing magnets wherever possi
ble. By avoiding iron pole t ips, the 
quadrupoles provide focus ing for 
hyperons up to 1 5 0 G e V / c w i t h a peak 
f ield gradient of 1 6 0 T / m in magnets of 
overall length 1.4m and 1 .1m. The 
useful aperture is 3 cm d iameter w i th 
the bore at l iquid hel ium temperature . 

Each magnet has four coils w i t h 2 8 8 
superconduct ing turns. The cross sec
t ion of each coil is a rectangular block 
whose posi t ion is chosen to min imize 
f ield d istor t ions in the useful aperture. 
The coils are moun ted on a central 
suppor t tube wh ich serves as a 
mechanical reference. Radial forces 
are taken up by a lumin ium rings that 
are shrunk onto the coil assembly and 
the magnets are shr ink- f i t ted into 
cyl indrical iron yokes to contain the 
magnet ic f ield. 

Considerable t ra in ing w a s observed 
dur ing the test per iod and about 2 0 0 
quenches were required to achieve the 
shor t -sample crit ical current. The 
number of quenches was proport ional 
to the length of the magnets and 
fur ther studies are being pursued to 
check the conjecture that the t ra in ing 
may be pr imari ly due to the meta l 
lurgical propert ies of the conductor 
itself rather than to its thermal or 
mechanical surroundings. Both 
magnets were t ra ined to their shor t -
sample l imit and are operated at 9 0 % 
of crit ical current. 

Compact design of magnets and 
cryostats has kept the outer (warm) 
diameter to 2 4 c m in the end parts, 
wh i ch can thus slip be tween the coils 
of neighbour ing normal dipole 
magnets. In this way , the effect ive 
length required for focusing in the 
beam is be low 2 m. 

Coolants come f rom 5001 vessels of 
l iquid hel ium and ni t rogen and their 
regular refurbishing is the only task 
necessary dur ing operat ion of the 
magnets. Fol lowing commiss ion ing in 
November 1 9 7 6 , the quadrupoles 
have worked cont inuously. 5001 of l i 
quid hel ium, suppl ied via about 1 4 m of 
transfer lines, are suff icient for 6 0 
hours of operat ion. 

DESY 
Results from DORIS 
Results f rom the t w o spectrometers 
PLUTO and DASP at the DORIS 
electron-posi t ron storage rings were 
reported at the Coral Gable Conference 
in January and at the Chicago APS 
meet ing in February. 

The most excit ing result, obta ined 
using PLUTO, is strong evidence for 
the existence of heavy leptons (see 
also page 68) . PLUTO studied t w o -
prong events w i th no other observed 
part icle at energies be tween 4 and 5 
GeV. One part icle is ident i f ied over a 
large sol id angle (43 % of 4 n) as a 
muon w i t h only a small probabi l i ty 

(less than 3 %) for hadron mis iden-
t i f icat ion. It seems that the only way to 
explain this class of events by the reac
t ion is in te rms of an interact ion in 
wh ich the electron and posi t ron give a 
pair of heavy leptons wh ich then decay 
to the k n o w n leptons. The product ion 
cross sect ion has a threshold around 4 
GeV indicat ing a lepton mass of about 
2 GeV. If the interpretat ion is r ight, 
some of the two -p rong events should 
contain an electron rather than a muon 
and indeed about 2 4 clean m u o n -
electron events were found . The 
electron spect rum agrees (wi th in the 
still meager statist ics) w i t h the expec
tat ion for a heavy lepton w i t h a 
branching ratio of about 2 0 % for each 
leptonic decay. 

The electron spect rum differs con
siderably f rom the much softer elec
t ron spect rum wh ich was observed 
last year for the decays of charmed 
mesons. Addi t ional evidence against 
an explanat ion in terms of charm 
decays is obta ined f rom m u o n -
electron events w i t h mul t iprongs. For 
charm decays a relatively large number 
of such events is expected f rom kaon 
decays w h i c h should accompany the 
lepton emission but the observed 
number is much too smal l . 

New facets can be added to the 
charm picture by results f rom both 
PLUTO and DASP. The theory predicts 
that the charm quark decays preferen
tial ly to a strange quark and kaons 
should therefore be produced abun
dant ly in decays of charmed mesons. A 
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threshold in kaon product ion has n o w 
been detected, s imul taneously, by 
PLUTO (for neutral kaons) and by 
DASP (for charged kaons). A lso, a 
remarkable anomaly was found — at 
the 4 .4 GeV peak, the product ion rate 
is comparat ive ly low wh ich seems dif
f icul t to understand in te rms of present 
theories. 

Recent theoret ical papers have 
speculated about the existence of 
charmon ium molecules made up of t w o 
pairs each consist ing of a charmed 
quark-ant iquark. If this were t rue, a 
part icular decay mode involv ing a rear
rangement of the four quarks ( 'charm 
burning') wou ld yield about 1 0 % of 
J/psi part icles. PLUTO measured the 
inclusive J/psi product ion at 4 .4 GeV 
and saw a yield of less than 4 x 1 0 " 3 

wh ich speaks strongly against the idea 
of charmon ium molecules. 

Further interest ing results were ob
ta ined for charmon ium states by 
PLUTO. An analysis of events g iv ing 
t w o gammas and a J/psi taken at 3.7 
GeV produced fur ther conf i rmat ion for 
the 3 . 4 5 4 GeV in termediate state 
wh i ch has not been seen in hadronic 
decays. A f e w more decays into J/psi 
and a g a m m a have n o w been 
observed. More stat ist ics f rom DASP 
on the J/psi decay into three gammas 
gives three kinds of in format ion. The 
existence of the X(2.8 GeV) state was 
cor robora ted ; the tota l w i d t h of the 
three photon decay is compat ib le w i t h 
2 /3 charge of the quarks (but not w i t h 
integer charge) ; the branching ratios 
forJAi* x y, ii y, V Y were found to be 
in the ratio 1 : 1 1 : 3 0 . Inclusive 
spectra for separated pions, kaons and 
ant i -protons be tween 3.5 and 5 GeV 
s h o w scaling w i t h energy at large 
momen ta whereas at low m o m e n t a 
the cross section increases w i t h 
energy. This implies that the rise in 
tota l cross section at higher energies is 
associated w i th high mul t ip l ic i ty 
events. 

It becomes more and more obvious 
that the energy range be tween 4 and 9 
GeV is an extremely rich f ield for 
fur ther invest igat ions and the Sc ien
t i f ic Counci l of DESY recommended 
on 1 March that DORIS should be 
operated for particle physics for many 
years to come avoiding if possible a 
reduct ion of uti l ization after PETRA 
comes into operat ion. 

People and things 

Bits and Pieces 

The book of the film 'The Key to the 
Universe' — the television programme 
by Nigel Calder and Alec Nisbett on the 
new physics — has been issued by 
BBC Publications at a price of £ 5.95. 

The cold box and engines of the 
prototype satellite refrigerator for the 
Energy Doubter/'Saver at Fermilab 
were successfully tested at the end of 
January. Twenty-four of these units 
will be distributed around the 
accelerator ring to cool the 
superconducting magnets receiving 
liquid helium from a central plant. 

An 'Informal Report' has been issued at 
Brookhaven (BNL 22160) entitled 
'Beams at US High Energy Physics 
Laboratories'. It gives the parameters 
of the beam lines in operation, or 
planned for the near future, at 
Argonne, Brookhaven, Cornell, 
Fermilab and SLAC. 

The Cancer Therapy Facility at 
Fermilab now has 45 patients on its 
books and 38 of them have already 
received neutron irradiations. The 
Facility draws beam from the linac for 
about 60 hours per week and a third of 
this time is used for patient treatment. 

Herman Winick has written a 

comprehensive, readable account of 

synchrotron radiation research in the 

February issue of the 'SLAC Beam 

Line'. 

The Proceedings of the 1976 
DUMAND Summer Workshop held in 
Honolulu in September of last year are 
available from the Physics Department 
at Fermilab (P.O. Box 500, Batavia, 
Illinois 60510) price $15.50 surface 
mail, $ 1 7.50 Europe air mail, $24.00 
USSR, Far East air mail. The Workshop 
investigated under ocean detection 
systems for neutrino and muon inter
actions with energies above WTeV. 

U becomes less unknown 

Further data from the electron-
positron storage ring, SPEAR, at 
Stanford supports the contention from 
earlier experiments that a heavy lepton 
exists, with a mass around 1.9GeV. 
Two blocks of concrete absorber 
interspersed with muon detectors 
were added on top of the famous 
magnetic detector that saw the first 
sign of heavy leptons. This has 
improved the muon signals, and more 
data has been collected in three energy 
ranges. Each time anomalous muon 
signals with no conventional 
explanation were seen. 

The earlier data was of electron and 
muon events which could result from 
the decay of leptons named U+, U~ 
(U for unknown). The latest data adds 
more weight to this interpretation. 
Information from the DORIS storage 
rings at DESY on the same topic is 
presented on page 67. At a time when 
a lot of particle physics seems to be 
coming together, with the 'scent of a 
new grand synthesis in the air' (Gell-
Mann's words), the U particle has the 
niggling quality of the pea (or should 
we say the Perl) under the mattress. It 
could be a clue to lepton spectroscopy 
and lepton structure which has not 
been foreseen as part of the grand 
synthesis. Martin Perl prompted the 
first heavy lepton analysis and G.J. 
Feldman led the team from SLAC and 
Berkeley which has provided this 
additional data. 

Future of the ZGS 

Present indications are that the Zero 
Gradient Synchrotron at Argonne will 
continue operation until the end of 
1979, as recommended by the 1976 

ZGS Study, so as to continue the 
research with high energy polarized 
proton beams which is unique to this 
machine. The other components of the 
research programme are likely to be 
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The Quest system which automates the design 
and production of printed circuit boards. 

(CERN 107.12.76) 

closed down during this year. This will 
include closing of the 12 foot bubble 
chamber which is at present in 
operation with a track sensitive target. 
Some European groups in the 
collaborations involved in the TST 
experiments have moved to the CERN 
programme with the 3.7 m bubble 
chamber, BEBC, and the remaining 
groups are collaborating on a final 
500000 picture experiment, with a 
45% neon-hydrogen mixture sur
rounding the TST, using 4.1 GeV/c 
antiprotons. This experiment began in 
March following completion of a run 
with stopping antiprotons for 
Japanese groups. 

Notes from TRIUMF 

The Users Executive Committee of the 
TRIUMF cyclotron for 1977 has the 
following members: M.D. Hasinoff 
(Chairman), J.-M. Poutissou 
(Associate Chairman), P. Kitching, P.L. 
Walden andA.W. Stetz. It is hoped to 
achieve a 100\xA proton beam in 
TRIUMF by the end of this year. The 
addition of an isotope separator on
line facility at the cyclotron has been 
approved by the Experiments 
Evaluation Committee and the 
possibility of moving the TRISTAN 
facility from the Ames reactor in Iowa 
is being discussed. It would be 
mounted in an additional building 
adjacent to the present main 
experimental hall. The hoped for 
operation date is September 1978. 

Circuits from Quest 

The large volume of electronics which 
is involved in so much of CERN"s work 
requires large volume design and 
production of printed circuit boards. 
Three systems for digitizing and 
plotting the layout of PCBs have been 
acquired from Quest Automation Ltd. 
and, after a running in period since 
May of last year (both for the systems 

themselves and for the operators), are 
now in operation in the ISR, SPS and 
Data Handling Divisions. They halve 
the time necessary to produce PCB 
masters, since no 'scotching' is 
necessary, and allow a greater density 
of lines on the board. Each system has 
a digitizing table, a teletype, a NOVA 
computer, a pen plotter, a perforator 
and a photoplotter. The designer at the 
digitizing table can interact with the 
system in a flexible way. Two tapes can 
emerge from the computer — one can 
be used to produce the master for the 
PCB and the other to guide an 
automatic machine for the drilling of 
the holes in the printed circuit board. 
The systems are now operational and 
have speeded and improved PCB 
production. Further information can be 
obtained, for example, from G. Leroy, 
ISR Division. 

ISABELLE 

The 200GeV proton-proton storage 
rings project, ISABELLE, at 
Brookhaven is receiving a second 
allocation of CP and D (Construction, 
Planning and Design) money from 
ERDA to continue the thorough 
evaluation of the design. A new design 
proposal is to be submitted in April 
with a redesign of the magnet lattice to 
give six intersection regions. Work on 
the development of the super
conducting magnets has the 
construction of a 'half cell', consisting 

of two bending magnets and a 
quadrupole to be operated together, as 
its next major step. The half cell will be 
assembled in the old Cosmotron 
building where a model section of the 
ISABELLE tunnel has been assembled. 
Preparations for the industrial 
manufacture of the superconducting 
braid and coils are well under way. Jim 
Sanford, who is leading the project, 
initiated an 'ISABELLE Newsletter' at 
the beginning of this year to convey 
general information about how the 
project is progressing including 
preparations for the experimental 
programme. 

Evidence for superheavies losing 
weight 

In June of last year a group from 
Oak Ridge presented evidence for 
'superheavy' elements 116 and 126 
from X-ray emission spectra of inclu
sions in monazite crystals. Since then 
a series of experiments at several 
Laboratories have attempted to 
duplicate the results without success. 
An Oak Ridge group has recently 
published results which seem to have 
completely contradicted the original 
findings. They used monochromatic 
synchrotron radiation, from the SPEAR 
storage ring at Stanford, to stimulate 
X-ray emission in the same monazite 
crystals as gave the earlier results. This 
technique is much more sensitive than 
the proton stimulation used in the first 
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experiment. No sign of emitted X-rays 
corresponding to what is expected 
from nuclei of superheavy elements 
was seen. The experiment should have 
spotted such nuclei down to con
centrations of 5 x 109 atoms per inclu
sion whereas the earlier data sug
gested concentrations of 2 x 1011. 

On People 

On 3 March, John Adams, Executive 
Director General of CERN, received the 
Faraday Medal awarded by the UK 
Institution of Electrical Engineers for 
his 'outstanding contributions to the 
design and construction of high energy 
particle accelerators'. John Adams led 
the teams building the CERN 28GeV 
proton synchrotron (PS), which 
achieved design energy in 1959 when 
it was the first machine of its type to 
come into operation, and the CERN 
400GeV proton synchrotron (SPS), 
which produced its first beams last 
year. 

Herwig Schopper, Chairman of the 
DESY Directorate, has been elected 
new Chairman of the AGE succeeding 
K.H. Beckurts on 17 February. The 
Arbeitsgemeinschaft der Gross-
forschungseinrichtungen (Association 
of Major Research Centres) was founded 
by ten German centres in 1970 to 
coordinate the work done in various 
research fields. The work of the 
present twelve member centres covers 
a wide spectrum. 

Torlief Ericson from the CERN Theory 
Division, who is among the best known 
theoreticians in the field of nuclear 
physics, has been made Doctor 
Honoris Causa at the University of 
Lund in Sweden. 

The new membership of the 
Experimental Program Committee 
which will vet experiments for the 
Berkeley/Stanford storage ring project, 
PEP, is as follows: Carl Albright, Karl 

Berkelman, Owen Chamberlain, 
Norman Christ, Jim Cronin, Fred 
Gil man, David Leith, John Peoples, 
Nick Samios, Frank Sciulli, S.J. Stuart 
Smith, Mahiko Suzuki, Bob Tripp, Paul 
Tsai and Bob Walker, with Gerry 
Fischer as Secretary. They will be 
making recommendations on the first 
experiments by June. 

Moves at Fermilab: Tim Toohig has 
succeeded Charles Brown as Head of 
the Meson Laboratory. Peter Koehler 
has succeeded Frank Nezrick as Head 
of the Physics Department with Ed 
Blesser as Assistant Head. Dick 
Carrigan has become Assistant Head 
of the Research Division. 

A Memorial Fund has been established 
in memory of Professor J.G. 
Ruth erg len from Glasgow University 
who died in a car accident in Geneva 
last August while over at CERN 
preparing for an SPS experiment. The 
Fund will be used to endow an award 
to a postgraduate student in high 
energy physics. Subscriptions may be 
forwarded to K.M. Smith, Department 
of Natural Philosophy, University of 
Glasgow. 

ECFA looks at future accelerators 

At the end of February, ECFA 
organised a long week-end study at 
DESY to look at possibilities for future 
accelerators. About 80 physicists took 
part. Carlo Rubbia discussed protons 

2. 

and antiprotons in the SPS, Bjorn Wiik 
electrons and protons in the SPS and 
Giorgio Salvini and Burt Richter the 
physics interest of a large electron-
positron ring (about 2 x 100GeV). The 
Chairman of ECFA, Guy von Dardel, in 
his concluding talk promoted optimism 
about future accelerators. He recalled 
that two years ago PETRA was only at 
the project stage and now DESY is 
surrounded by its tunnel. He said that if 
miracles can still happen in Hamburg 
they could also still happen at CERN. 

Sam Ting's speech 

By popular request, here is a 
translation of Sam Ting's speech at the 
Stockholm Nobel prize ceremony 
reproduced in the original in the 
January/February issue: 
'Your Majesties, Your Royal Highnesses, 
Ladies and Gentlemen, 

Professor Burton Richter and I wish 
to thank the Nobel Foundation and the 
Royal Academy of Sciences for the 
great honour which has been 
conferred on us. 

Having grown up in the old China, I 
would like to take this opportunity to 
emphasize to young students from 
developing nations the importance of 
experimental work. 

There is an ancient Chinese saying 
'He who labours with his mind rules 
over he who labours with his hand'. 
This kind of backward idea is very 
harmful to youngsters from developing 
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countries. Partly because of this type 
of concept, many students from these 
countries are inclined towards 
theoretical studies and avoid 
experimental work. 

I hope that awarding the Nobel Prize 
to me will awaken the interest of 
students from the developing nations 
so that they will realize the importance 
of experimental work/ 

Summer Study on Fermilab colliding 
beams 

A Summer Study on aspects of col
liding beams at Fermilab will be held at 
Aspen, Colorado, from 27 June to 15 
July, 1977. The three week Study will 
cover both proton-proton and 
antiproton-proton interactions. The 
use of the Energy Doubter/'Saver beam 
in collision with the Main Ring beam 
for proton-proton collisions will be 
explored as well as the use of the Main 
Ring (or ultimately the Energy 
Doubler/Saver) for antiproton-proton 
collisions. 

The purpose of the Study is to 
examine the designs of the 
intersection regions, experimental 
areas, techniques to obtain high 
luminosity, possible detection systems 

and physics objectives. Working 
groups will be set up to study these 
individual topics and any others which 
seem appropriate. Participants will be 
expected to be supported by their 
home institutions and, because of the 
limited facilities available, the number 
will have to be restricted. Those 
desiring to participate should contact 
Jim Walker, of the Colliding Beams 
Department at Fermilab as soon as 
possible, indicating their specific fields 
of interest. 

Baryonium 

A Max Planck Institute Heidelberg/ 
University of Heidelberg!CERN team 
has studied the proton-antiproton in
teraction and has evidence for a nar
row resonance near 2 GeV which could 
be an example of a baryonium. Such 
systems are well known for the leptons 
— the electron and positron are 
capable of living together for a short 
time in orbit around one another in the 
system known as 'positronium'. More 
recently the psi family has been in
terpreted as a charmed quark and 
charmed antiquark system in the 
various energy states of 'charmonium'. 
In analogy to these systems the 

proton-antiproton resonance has been 
called 'baryonium'. 

There was already evidence for such 
a resonance in this energy region in 
two other experiments. The experi
ment at the CERN PS used an an
tiproton beam onto a liquid hydrogen 
target. A narrow resonance appeared 
in both the elastic scattering of the an
tiproton and in the decay into charged 
mesons. The good resolution of the 
detection system pinned the 
resonance down at 505 ± 15MeV/c 
corresponding to a centre of mass 
energy of 1939 ± 3MeV. Its width is 
less than 4 MeV. 

Quark physicists interpret baryo
nium as a diquark-diantiquark system. 
The narrow width may result from the 
mysterious Zweig rule. Nuclear 
physicists interpret baryonium as a 
proton-antiproton system bound by a 
nuclear force. 
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XI, Orsay) 

World energy prospects, by 
R.J. Eden (Cavendish Labo
ratory, Cambridge) 

The lectures are given at 1 1 h. 00. 

Training & Education Service 
CERN, 1211 Geneva 23 
Telephone: 0 2 2 / 8 3 2 8 4 4 

iSTANDBERG 
Data Products 

Digital Cartridge Recorder TDC3000 
• D a t a m e d i u m : D C 3 0 0 A Da ta C a r t r i d g e • C o m p l y w i t h A N S I / 
E C M A / I S O - S t a n d a r d s • C a r t r i d g e e a s y t o i nse r t , ye t v e r y 
pos i t i ve l o c k i n g in p l a c e • A u t o m a t i c L o a d Po in t s e a r c h 
• C o n t r o l l e d c a r t r i d g e e j e c t i o n b y e l e c t r i c a l s i g n a l • S p e e d -
i n d e p e n d e n t f o r m a t t i n g b y m e a s u r e m e n t of c a p s t a n e n c o d e r 
d i s p l a c e m e n t • N o p r o g r a m m i n g - ^ - r - ^ ^ , , 
r e s t r i c t i o n s o n m o t o r o r s e r v o / - ^ ^ ^ ^ ^ I ^ " " ^ ' ' " ^ 
• T a p e s p e e d : 1 0 - 3 0 i ps 
( r e a d / w r i t e ) • P a c k i n g 
d e n s i t y : 1 6 0 0 b p i 
( P h a s e E n c o d e d ) 
• R e a d - a f t e r - w r i t e 
• C a p a c i t y u p to 2.5| 
m i l l i on c h a r a c t e r s 
• I n t e r f a c e s : V 2 4 / 
c u r r e n t l o o p 
D E C : PDP-11 
A l p h a LSI 

Tel . 0 5 7 5 4 6 5 5 
Te lex 5 4 0 7 0 
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4Q000 
hows 
service 
atFNAL. 
The El MAC 8959—a member of the 4CW100,000E family of 
power grid tubes—has provided up to 43,000 hours of life in the 
accelerator program at Fermi National Accelerator Laboratory, 
Batavia, Illinois. 

Seventy-two 8959s are used, 36 as modulators and 36 
as rf amplifiers, in the high-energy ring accelerator. Tubes are 
tested at 120 kW at 53 MHz prior to use in the accelerator. 

The impressive combination of FNAL's excellent 
engineering program and El MAC'S power tube capability are 
unlocking the heart of the atom for today's physics research 
programs. 

A switching version of the 4CW100,000E, the Y-676, is 
used in switching and regulatorservice in 
world-wide fusion programs. 

For complete details, contact Varian, 
El MAC Division, 301 Industrial Way, San 
Carlos, California 94070. Telephone (415) 
592-1221. Or contact any of the more than 30 
Varian Electron Device Group Sales Offices 

Vdridll throughout the world. 



Most of the CERN engineers know 
the blue 
0LTRONIX 
modular power 
supplies. STABPAC MK III high performance line in 8 power families 

Excellent Watt/Litre ratio due to 
consequent use of heat dissipators 
as case parts. High efficiency due to 
a modern circuit design. OLTRONIX 
modules are in Watt/Litre ratio and 
efficiency very close to the switched 
power supplies without having their 
disadvantages of price and noise. 

Take power per litre, power per 
price, add the excellent performan
ces such as remote sensing, exter
nal programming, OVP, OTP etc. 
then you see that OLTRONIX is al
ways a step ahead. 

STABPAC MK II 
low cost version in 
4 power classes 

For further details please contact: MEG EX ELECTRONICS AG, CH-8902 Urdorf/ZH, 

If you compare Industriezone Nord, Phone 01/7344171 

Digital Display 
• 10-turn precision 
potentiometer 
• Adjustment 
accuracy: 0.3%! 
• Replaces additional 
voltmeter 

2 6 70 
« Power-Boost» 

• Handles almost 
100% transient overload 

Excellent for 
pulsating loads 

Watt/Liter Power Ratio 
• Cooling sections incorporated in housing yield 

optimum volume/power ratio 

Superior Control Characteristics 
• Due to automatic control system decen
tralization with the aid of discrete Zener 
references and operational amplifier - no 
integrated stabilization circuits - improved 
noise voltage and drift values. 
Output: 0 - 7,5 V/3 A (5 A)* 

0 -17 V/1,5 A (2,5 A) 
17-40 V/1,25 A (2,1 A) 
* Power-Boost Output Current 

OLTRONIX LABOR AG, Ruschlistrasse 21, 
CH-2502 Biel, Phone 032/238103, Telex 34637 
Our R/D group in Biel offers local cooperation 
for special electronics, which may later 
be produced in other member countries. 

your only choice is 0LTRONIX 
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Powered G A M AG Crates 
* 25-station wi th cast a luminium guide 

rails 
* Low insertion force 
* Over current protection—all lines 

* Over voltage protection—6V line 

* Thermally protected 
* Built- in power indicator, monitor and 

ON/OFF switch 
* Triple fan blower unit 

9071/1 Medium Power—200 Watt 
± 6 V 2 5 A , ± 2 4 V 5 A 
200V 50mA, 117V 0.5A ac [I l lustrated above] 
9071/1—HP High Power—300 Watt 
± 6 V 3 2 A , ± 2 4 V 6 A 
200V 100mA, 117V 0,5A ac 
Also available: 
9070/1 Basic Unpowered Crate 
9001 Separate 19 inch rack Power Unit 
Providing: 
+ 6V 20A ,—6V 5A, ± 24V 5A 

NUCLEAR 
ENTERPRISES 
S.A. 

25 Chemin Francois Lehmann, 1218 Grand Saconnex, Geneve Tel. [022] 9816 61/62 Telex 289066. 
NUCLEAR ENTERPRISES LTD., Bath Road, Beenham, Reading, RG7 5PR. ENGLAND Tel. 
073-521 2121 Telex 848 475 Cables—Devisotope Wool hampton. 
NUCLEAR ENTERPRISES GmbH Schwanthalerstrasse 74, 8 Munchen 2, Germany Telephone 53-62-23 
Telex 529938 EMI 
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8192 channels, 
simultaneous input-output, 

microprocessor system for data evaluation 
and fully programmable operation cycles 

CAMAC compatible through 5380 interface 
together with our NIM-standard nuclear electronics, 

fast and linear, 
and our semiconductor detectors 

for multi-parametric systems, for nuclear spectrometry 
and wherever you need a powerful and flexible m.c.a. 

mOnTEDEL LABEN Division 
Via Bassini 15 - 20133 - MILANO, ITALY / Telephone: 23.65.551 

Cable address: LABEN- MILANO/Te lex : 33451 



Leitgeb - I'electronique universelle! 
Les condensateurs electrolytiques aluminium Rubycon avec proprieties dominantes. 

Par leur conception, ils peuvent etre utilises 
dans I'electronique en general et dans les 
applications industrielles. Les connexions 
soudees de chaque cote 
assurent des contacts parfaits ^ fe 

et une securite de fonctionne- uf I D V 1 5 0 0 / ; F l O V l l 

ment accrue. Gamme de 
temperatures etendue. 
Serie TT: execution axiale. 
Plage de tensions: _ — — — - — — ^ 
6,3 V a 450 V 
Gamme de capacites; 0,47 JIF a 4700 jiF 
Serie T W : execution Plug-In pour 
montage vertical sur les circuits IIUm* 1 6 f 2 2 3 B ^ f 

impnmes. 
Plage de tensions: 6,3 V a 350 V 
Gamme de capacites: 
0,47 LIF a 4700 j i F 

A la demande, des executions speciales 
peuvent etre disponibles. Demandez notre 
documentation d e t a i l l e e ou telephonez nous 
tout simplement. 

jHOJKF 3 5 v 1 0 0 ^ f 3 5 v 1 

°7> 

D. Leitgeb SA 
8600 Dubendorf, Ueberlandstr.199 

Tel. 01/8201545, Telex 55547 

Ing. D. Leitgeb SA 
1100 Vienne, Favoritenstr. 146/1/7 
Tel. 0222/62 52 52, Telex 13596 

Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

t y p e 1 1 0 0 livrables ex stock Zurich 

Vannes 
a pointeau 
en acier inox 
au chrome 4421 
et chrome-nickel -molybdene 4436 

Armatures Phonix 
vannes d'arret et de reglage 

Hofer 
technique a haute pression 

Demandez la documentat ion aupres de 
Oerlikonerstrasse 88 
tel. 01 /46 40 40 

vorm. WISMER AG 8057 Zurich 

T h e "SOME LIKE IT COLDER" f o l k s h a v e d o n e i t a g a i n 
w i t h a C a r n o t C y c l e r e f r i g e r a t e d c h a m b e r . P M T C o o l e r 
( M o d e l T E - 1 4 9 ) a c c e p t s a n y 2 " o r s m a l l e r e n d - w i n d o w 
t u b e . V i d i c o n v e r s i o n ( T E - 1 5 0 ) a c c e p t s m o s t p o p u l a r 1 " 
o r s m a l l e r t u b e s . 

C o m p l e t e s y s t e m i n c l u d e s : E l e c t r o s t a t i c / M a g n e t i c 
S h i e l d e x t e n d i n g V2 c a t h o d e d i a . i n f r o n t o f c a t h o d e ; 
d o u b l e - p a n e , e v a c u a t e d W i n d o w C e l l p l u s W i n d o w 
H e a t e r f o r f r o s t a n d d e w - f r e e l i g h t p a t h t o p h o t o c a t h o d e ; 
h e r m e t i c a l l y s e a l e d h o u s i n g a n d f l e x i b l e c o o l a n t l i n e 
(5 ' s t d ) . T E - 1 4 9 h a s i n t e r c h a n g e a b l e t u b e s o c k e t a s 
s e m b l y . F o r P e r f o r m a n c e a n d P r i c e s C a l l ( 6 1 7 ) 7 7 4 - 3 2 5 0 
o r W r i t e : 

Products for Research, Inc. 
78 H o l t e n S t r e e t • D a n v e r s , M a s s . 01923 
C A B L E : P H O T O C O O L T E L E X : 94-0287 
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HIGH/LOW PRESSURF VACUUM GAUGE 

LO 

O 
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Vacuum Gauges 
also 
for Nuclear Technology 
The standard gauges from the 
BALZERS vacuum gauge pro
gramme are adequate for precise 
and reproducible pressure meas
urements. The special problems 
of nuclear engineering, however, 
often require instruments ac
cording to the customer's speci
fication. The necessary experi
ence and - as proved by many 
references - also the confidence 
have been acquired by the BAL
ZERS people. 

Our company's stock of experi
ence: 

• Radiation resistant gauges, 
cables, connectors 

• Measurement of extremely 
low total pressures 
(e.g. 1 0 ~ 1 * mbar) 

• Partial pressure measurement 
and residual gas analysis 
(quadrupole mass spectro
meter, remote control, etc.) 

• Gauge heads operating 
large magnetic fields 
(30 kGauss) 

• Extraordinary long cables 
(e.g. 700 m) 

i n 

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 f u r 
H o c h v a k u u m t e c h n i k u n d D u n n e S c h i c h t e n 
F L - 9 4 9 6 Balzers , F u r s t e n t u m L iech tens te in 

Gain from our experience - choose BALZERS as your partner! 

IMPORTANT NEWS FOR THE VACUUM USER 

tympany 

VACUUM GENERATORS' COMPLETE RANGE OF 
QUALITY ULTRA HIGH VACUUM EQUIPMENT 
PLUS TECHNICAL SERVICE IS NOW AVAILABLE 
DIRECT FROM THEIR FACTORY IN HASTINGS, 
ENGLAND. 

T o receive y o u r c o p y o f t he new V . G . U H V ca ta logue / 
h a n d b o o k a n d special C E R N p r i ce l i s t . C o n t a c t : 

Peter Sales, 
V A C U U M G E N E R A T O R S L I M I T E D 
M E N Z I E S R O A D , H A S T I N G S , S U S S E X T N 3 4 1 Y Q . E N G L A N D 
T E L E P H O N E : 0 4 2 4 4 3 1 5 8 1 T E L E X : 9 5 2 2 1 

information Dewald Electronic 

Racal Thermion ic 
I n s t r u m e n t a t i o n Recorders 
Better you k n o w t h e m ! 

S t o r e 4 / S t o r e 7 / S t o r e 1 4 (IRIG S tanda rd ) 

FM record ing up to 20 k H z ; 4 or 7 channe ls 
Direct record ing up to 3 0 0 kHz 
Seven speeds, b i -d i rec t iona l record ing 
Tachometer or " o f f t a p e " servo speed con t ro l 
On ly six mov ing parts 
Un ique mon i to r i ng and ca l ibrat ion faci l i t ies 
Ful ly por table A C / D C opera t ion 
Remote con t ro l 

Ask for d e m o n s t r a t i o n ! 

Dewald AG Seestrasse 561 Tel. 01 4513 00 
8038 Zurich Telex 52012 
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A line of television cameras for use in 
radioactive environments and especially adapted for: 

Control • Surveillance • Intervention 

t*«~sal 

Television equipment to 
investigate at the 
core of nuclear reactors. 
Environment: 
• Temperature: 225 °C (437 °F) 
• Pressure: 45 bars 
• Radiation: (Combined dosages) 
Gamma Rays: 5.108 R 
Thermal Neutrons: 3.1014 

Fast Neutrons: 3.1015 

" m O M S O N - C S F 
DEPARTEMENT AUDIOVISUEL 
55, RUE EDGAR QUINET/ 92240 MALAKOFF/ FRANCE 
T E L : (1) 65711.10 
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Degussa <§• 
Capillary tubes. Pipes, Laboratory equipment 

made of DEGUSSIT®, 
the heavy-duty material. 

Capillary tubes, open and blind 
pipes, for protecting and 
insulating thermocouples or 
other measuring probes, cruci
bles, annealing boxes, boats 
and rods, for annealing and 
melting metals and glass, for 
evaporating metals and salts, 
as crucibles for the production 
of monocrystals, etc. 
Please ask for our technical 
documents and experts' advice. 

Degussa (Schweiz) AG 
Postfach2050 • 8040 Zurich • Telefon 01-5439 00 • Telex 57946 

mm nsms m mis HBSUU SESEUSK 

WHETHER COMPLETE 
VACUUM VESSELS FOR 
TOKAMAKSOR FOR 
RESEARCH FACILITIES, 
AVICA HAS THE CAPABILITY 
AND EXPERTISE 

AVICA 
GROUP OF COMPANIES 

A v i c a E q u i p m e n t L t d . , 
M a r k R o a d , H e m e l H e m p s t e a d , 
H e r t f o r d s h i r e , H P 2 7 D Q . 
T e l e p h o n e : H e m e l H e m p s t e a d 64711 
T e l e x : 8 2 2 5 6 

A v i c a I n t e r n a t i o n a l 
B P 1 4 7 P r i n c i p a u t e d e M o n a c o 
T e l e p h o n e : (93) 3 0 - 0 9 - 3 9 
T e l e x : 4 6 9 771 M C 
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KEY TO PRODUCTS (left to right): 
1 . M o d e l 3 9 2 4 L A M E n c o d e r 

Prov ides m a n y fea tu res i n L A M - d r i ven sys tems . 

2 . M o d e l 3 9 5 2 T y p e L-2 Ser ia l C ra te C o n t r o l l e r ( S C O 

Used in each r e m o t e c r a t e . 

3 . M o d e l S H R - 1 0 0 Ser ia l H i g h w a y Cab le w i t h R e t u r n Path 
O n e o f o u r m a n y t y p e s o f ser ial h i g h w a y cab les . 

4 . M o d e l 9 5 8 Byte-ser ia l U -Por t A d a p t e r 
Prov ides bypass a n d i s o l a t i o n f o r by te -se r ia l use. 

5 . M o d e l 3 9 3 0 Bi t -ser ia l U -Po r t A d a p t e r 
Used w i t h a serial d r i v e r in d u a l - l o o p sys tems . 

6 . M o d e l 3 9 3 1 Bi t -ser ia l U -Por t A d a p t e r 
Used w i t h a ser ia l c ra te c o n t r o l l e r in d u a l - l o o p sys tems . 

7 . M o d e l 3 9 3 2 B i t -ser ia l U -Por t A d a p t e r 
Prov ides i s o l a t i o n , bypass and l o o p co l lapse (SD & S C O . 

8 . M o d e l 3 9 3 4 M o d e m A d a p t e r 
A l l o w s SCC's t o be m a n y k i l o m e t e r s a p a r t v ia m o d e m s . 

9 . M o d e l 3 8 4 1 F I F O 
Prov ides 2 5 6 - w o r d c o m m a n d and d a t a b u f f e r f o r t h e 3 9 9 2 . 

1 0 . M o d e l 3 9 9 3 B l o c k T r a n s f e r 
Prov ides b l o c k t r a n s f e r c o n t r o l f o r t h e 3 9 9 2 . 

1 1 . M o d e l 3 9 9 2 Ser ia l H i g h w a y D r i v e r 
Can be used a lone o r w i t h t h e 3 8 4 1 a n d 3 9 9 3 . 

The use of Type L-2 serial crate controllers w i th an associated serial driver allows up to 62 remote CAMAC crates to be separated 
by great distances w i th a simple data path between them. This data path can be adapted to a wide variety of transmission media. 
Whether your need is relatively simple (a single serial driver and crate controller) or more complex (a multi-crate system requiring 
U-port adapters for transformer isolation, bypass and loop collapse), our engineers can provide you w i th application assistance. 

KineticSystems is the leading manufacturer of serial CAMAC equipment. Our Model 3952 L-2 SCC has been approved by CERN 
and is in general use there. Our serial components are being used by laboratories throughout the wor ld . We have helped 
customers solve high-noise transmission problems, establish laser and fiber optic serial highway links, and operate serial crates 
inside pressurized high-voltage chambers. Our serial equipment is being used in industry to control N/C drills in an airplane 
factory, operate furnaces in an aluminum roll ing mi l l , moni tor temperatures in a steel plant, test railroad locomotives, as well as 
many other industrial applications. 

We manufacture a broad line of CAMAC modules and accessories including serial components, digital and analog interfaces, 
CRT display drivers, counters, scalers, crate controllers, and microcomputers. We can f i l l your needs for single modules, groups 
of modules or complete systems. Please contact us for additional informat ion. 

fivsv> KineticSystems International S.A. 
2 Chemin de Tavernay * 1218 GENEVE, SUISSE * Tel. (022) 98 25 82/3 * Telex 23 429 

KineticSystems Corporation * 11 Maryknol l Drive * Lockport , Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 



Plutonium-in-Air Monitor 
Developed jointly with the UK Atomic Energy Authority 

at Harwell, the Type L3206 Monitor was designed to detect and 
measure concentrations of airborne particulate plutonium. 

Results are displayed on a meter calibrated 
logarithmically from 4 to 4,000 maximum permissible 

concentration hours (mpc-hr). The instrument is 
capable of discriminating against radon gas that 

is naturally present in the 
atmosphere. 

Self-contained and weighing 
less than i6kg> the L3206 is available 
either as a single portable unit or as a 
multi-channel unit. 

Visit us on the 26th and 2jth April at our 
exposition at the Palais des Congres> Paris in 
conference room No.34, (coinciding with the 
4th Congress of the International Radio 
Protective Association), We will be showing a 
wide range of nuclear monitoring and dust 
sampling equipment. 

Rotheroe & Mi tche l l Ltd 
AIR POLLUTION DIVISION, 14 AINTREE ROAD, GREENFORD, MIDDLESEX, UB6 7 L J , ENGLAND 

TELEPHONE: 01-997 2238 TELEX: 934159 AIRSAMP GRNFORD 

UNIGOR 6e 
q u a l i t e e p r o u v e e 

ELECTROSTATIC 
FIELD & SURFACE POTENTIAL 

MEASUREMENT 
with Instruments by 

MONROE ELECTRONIC, I N C 
Model 230B The Model 230B STAT-ARC is a stable, 
reliable, battery operated electrostatic fieldmeterfor 
use in detecting electrostatic charge accumulation. 

It features a small probe, removable 
f r o m t n e hand held indicator, which fits 

"^^7^ i n t 0 * ' 9 h t s P o t s a n c i m a Y b e located up 
to two feet away from the operator for 
safety near dangerous opera t ing 
machinery. This instrument is non
radioactive and all solid state. It also 
provides a recorder output for contin
uous monitoring. $475 

MODEL 166 ISOPROBE® The Model 166 is a multi-channel electrostatic 
voltmeter which can measure the SURFACE POTENTIAL of charged mate
rials in the range from ±1 to ±2000 volts. It can measure surface charge dis
tribution with resolution of better than 0.1" diameter spots. It features drift free 
performance with accuracy better than 0.05%. Measurements can be made 
on insulators, semiconductors or even conductive and metallic surfaces. 
SEND TODAY for Catalog showing many instruments for electrostatic 
measurement. 

MONROE ELECTRONICS, INC. 
100 Housel Ave., Lyndonvi l le . N.Y. 14098 

Nouveau: prix rSduit Fr.s. 920.-

lBBCH»HiH 

81 cal ibres: 
c± 1 mV - 3 V : 1 Mq/V 

10 V - 1000 V :10 MQ 
1 |iA - 3 A 

R 0,2 Q . . . 50 MQ 
C 50 pF . . . 2000 |iF 
dB —70 . . . +50 dB 
AT 18/180 °C 

^ precision 1 % , echelle A , V 

• ampl i transistorise sans drift 

• deux bornes seulement 

• mouvement robuste antichocs 
suspendu sur bande 

• protect ion etendue contre 
les surcharges pour tous les 
cal ibres 

• mesure de R et C (meme 
electrolyt iques) sans tension 
externe 

• nombreux accessoires 

Demandez la liste C-1.16 

AG FUR MESSAPPARATE 
3013 Bern • Schlaflistrasse 17 • Tel. 031 - 4215 06 
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WE CAN VISUALISE YOUR PROBLEMS 
The 4051 Graphic Computing 

System stands alone: a desk-top 
unit that offers so many 
possibilities for a reasonable price. 

In medicine, finance, research 
and engineering, among others, 
the 4051 offers you personal 
computing power for all forms of 
statistics, forecasting, planning 

and calculating. Use it as a: 
-BASIC Language Computer. 
-Calculator. 
-Intelligent terminal in a 

time-sharing environment. 
-Heart of a measurement 

system. 
For more information on how 

the 4051 could work for you, just 

fill in the reader service card. 
Write or phone Tektronix 

International AG Gubelstr. 11 
6300-Zug Tel. (042) 219192 

TEKTRONIX® 
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Stesalit resolves your 
individual problems 
in fiberglass 
construction 
- for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 

Stesa l i t A G 
K u n s t s t o f f w e r k 
C H - 4 2 4 9 Z u l l w i l SO 
T e l e f o n 0 6 1 8 0 0 6 01 
T e l e x 6 3 1 8 2 

• N E T 

U n g r o u p e d e n i v e a u e u r o p e e n 
d a n s 
a p r e s t a t i o n d e s e r v i c e s 

Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint -Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (91) 73 2850 
tel. (1) 20815 57 
tel. (022) 20 6848 
tel. (50) 51 4641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 
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MKE SHORE CRVOTROniCS 
i s 

The 
Answer 

For all of your 
CRYOGENIC NEEDS! 

T H O M S O N - C S F 

economies 
denergie 
d'crgent 

de temps 

conception 
+etude 

+ dessin + 
fabrication 

Saphymo-stel 
a cree pour vous 

unegamme completed' 

al imentat ions 

Saphymo-stel 
APPAREILLAGES ELECTRONIQUES 

ALIMENTATIONS STABILISEES 
2 9 , a v e n u e C a r n o t - 9 1 3 0 2 M A S S Y 

T e l . 9 2 0 . 8 4 . 7 1 - T e l e x : T E S A F I 2 0 4 7 8 0 F 

• •! - r 
Full Range Digital 

Cryogenic Thermometers 
Models DRC-7 & DRC-70 

• 1 t o 4 0 0 K R a n g e 
• R e c o r d e r O u t p u t & O p t i o n a l B C D 

O u t p u t • O p t i o n a M O S e n s o r I n p u t 
• I n t e r c h a n g e a b l e S e n s o r s 
• S o l i d S t a t e C o n s t r u c t i o n & R e l i a b i l i t y 
• M o d e l D R C - 7 : 1K R e s o l u t i o n 
• M o d e l D R C - 7 0 : 0.1 K R e s o l u t i o n 
T h e D R C - 7 & D R C - 7 0 o f f e r f o r t h e f i r s t 
t i m e , f u l l r a n g e t e m p e r a t u r e i n d i c a t i o n 
f r o m 1 t o 400 K e l v i n w i t h c o m p l e t e l y 
i n t e r c h a n g e a b l e s e n s o r s . 
T h e o p t i o n a l B C D o u t p u t a l l o w s o n e t o 
i n c o r p o r a t e t h e s e i n s t r u m e n t s i n t o d a t a 
a c q u i s i t i o n s y s t e m s w h e r e t h e n u m b e r 
o f s e n s o r s c a n r a n g e f r o m o n e t o s e v e r a l 
h u n d r e d s e n s o r s . 
T h e s t a n d a r d r e c o r d e r o u t p u t a l l o w s o n e 
t o c o n t i n u o u s l y r e c o r d t e m p e r a t u r e a s a 
f u n c t i o n o f v i r t u a l l y a n y v a r i a b l e . 
T h e u n i q u e d e s i g n a n d t h e u s e o f t h e 
p r o v e n D T - 5 0 0 S i l i c o n D i o d e s e n s o r 
m a k e t h e D R C - 7 & D R C - 7 0 t h e o b v i o u s 
c h o i c e f o r b o t h r o u t i n e o r s p e c i a l l a b 
r e q u i r e m e n t s . 

For details and literature write, 
call, or telex 

0LRKE SHORE CRVOTRonicsjnc 
9631 S a n d r o c k R d . , E d e n , N.Y. 14507 

(716) 9 9 2 - 3 4 1 1 
T e l e x 91 -396 C R Y O T R O N E D N E 

Contact us direct, 
or our representatives 

O v e r s e a s R e p r e s e n t a t i v e s 
U n i t e d K i n g d o m , 
I re land & H o l l a n d 
C R Y O P H Y S I C S LTD. 
Thor W o r k s H e n l e y Road 
B e r i n s f i e l d , O x o n . E n g l a n d 
(865)340 . 257 Te lex : 83474 

W e s t G e r m a n y 
East G e r m a n y , & A u s t r i a 
C R Y O P H Y S I C S G M B H 
B u t z b a c h e r Str. 6 
61 D a r m s t a d t . W . G e r m a n y 
(6151)76051 Te lex : 419594 

F r a n c e , B e l g i u m , 
& S c a n d i n a v i a 
C R Y O P H Y S I C S SA 
3. rue A n t o i n e C o y p e l 
78 V e r s a i l l e s , F rance 
(1 )950, 65. 78 or 9 5 1 . 03, 71 
Te lex : 691096 

S w i t z e r l a n d , I ta ly , 
Eas te rn Eu rope o t h e r t h a n 
E. G e r m a n y , Is rae l and 
the M i d d l e Eas t , N. A f r i c a , 
S p a i n , P o r t u g a l , 
G r e e c e and T u r k e y 
C R Y O P H Y S I C S SA 
39 rue R o t h s c h i l d 
1202 G e n e v a . S w i t z e r l a n d 
(22 )32 , 95. 20 Te lex : 23484 



LAIR LIQUIDE 

THE LEADING EUROPEAN MANUFACTURER 
OF CRYOGENIC EQUIPMENT 

5 
divi/ion materiel cryogdnique 

57, avenue Carnot 94500 Champigny/M. France 
Tel:880.80.80.Telex :AL CH 230884F 
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C A M A C 

over 100 of these 
high-power units 
now in serv ice! 
when you need a 
safe 500 watts in 
difficult working 
conditions,check 
the performance 

of S E N powered crates 

S E N 

E L E C T R O N I Q U E 

G E N E V A 

Z U R I C H 

H A M B U R G 

M U N I C H 

Case Postale 39 

Austrasse 4 

Postfach 223 

Radspielerstr. 8 

CH 1211 Geneve 13 

CH 8604 Volketsnfil 

D 2000 Wedel 

0 8000 Munchen 81 

tel (022) 44 2940 t lx23359ch 

tel (01) 945 5103 tlx 58257ch 

tel 04103 6282 t lx 2189 548d 

t e l 4 8 3 916710 t l x 529167d E L E C T R O N I Q U E 

Litton "MRAC" connectors 
a guarantee of safety through advanced engineering 

Do you know 
the MRAC range of 

sturdy rectangular connec
tors with their interchangeable 

contacts ? 
They are in use all over the world, and 

are highly regarded for their performance 
characteristics. 

• Their high standard of safety during use and their 
reliability are the result of unstinted efforts to achieve an 

optimal design based on practical experience. 
Crimp, solder, mini-wrap or wrap contacts, interchangeable 

at your choice, provide a clean and rational solution to your connection 
problems. 

• They are ideal for a great many applications, and are available in various sizes, 
with a number of pins ranging from 7 to 104. 
Ask for further details of this line and of the other types of connectors in the 
LITTON programme. 
Don't settle for less — Choose MRAC 

m 
Litton 

LITTON PRECISION PRODUCTS 
Gubelstrasse 28, 8050 Zurich, Telefon 01 483544 

Telex 54905 
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WES CAMAC TEAM 
K A R L W E H R M A N N S P A L D I N G S T R . 7 4 2 0 0 0 H A M B U R G 1 TEL. 0 4 0 / 2 4 1 5 11 T L X 2 1 6 3 0 4 3 

CAMAC-CRATES 200-500 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

• DISPLAY SHOWS: STATUS, FAN 
FAILURE, OVERLOAD, OVERHEAT 

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUIT PROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

For detailed technical and price information please contact WES and ask for catalog 9/76 

WES-CAMAC-TEAM 
C A N B E R R A - S T O L Z A G Be l l i kone r St r . 2 1 8 C H - 8 9 6 7 W i d e n - M u t s c h e l l e n 

represented in Switzerland by 
T e l e f o n 0 5 7 5 4 0 4 8 Te lex 5 4 0 7 0 

Angst Pfister 4> 
VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE 

MATIERES PLASTIQUES 
Lubriflon-PTFE, Ertalon, Ertacetal, Eltflon pour applications Slectroniques 

POLYPLATE PROCESSING 
Condensateurs,c6nes d'antennes, substrates 

TUYAUX FLEXIBLES 
pour basse, moyenne et haute pression, types spSciaux avec capacite 
de resistance aux radiations — fluide eau demineralisee 

ELEMENTS DE TRANSMISSION 
Accouplements Slastiques, variateurs de vitesse, 
transmission par courroies trapezoTdales et dentees, etc. 

JOINTS D'ETANCHEITE 
standard ou sur plans en tous materiaux 

1219 GENEVE-LE LIGNON 
ROUTE DU BOIS-DES-FRERES 52-54 

TEL: 022 /9642 11 
TELEX: 22 675APG 
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With BASIC & MACAMAC you can 
forget about computers and program 
your Camac system directly. 

The High-level Language Problem-orientated Macamac-Basic offers: 

Real-time operation with interrupt handling 

Prom resident package (8k bytes) = no loading errors 

24-bit arithmetic, trigonometric and logic functions 

Nested routines 

Callable assembler sub-routines for higher speed 

Extensive error message library for easy programming 

Full use of stand-alone operating system 

b o r e r 
4 5 0 0 S O L O T H U R N 2 S W I T Z E R L A N D 

t e l : 0 6 5 / 3 1 11 31 t e l e x : 3 4 2 2 8 

P r o d u c t i o n 
': Satisfaisant aux appl 

• Usinage optimal assure par des moyens de haute precision, selon necessite 
• Metallisation par serigraphie, vernissage, au trempe 
• Joints metal-ceramique 
• Prototypes, petites series, r6alisables par decoupe au laser 

Pour a d r e s s e : Les Paquere t tes S A 
LES F A B R I Q U E S D ' A S S O R T I M E N T S REUNIES S A CH-2416 Les Brene ts T e l e p h o n e 039 32 13 13 
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L e C r o y ' s n e w M o d e l 2 2 3 2 
D i f f e r e n t i a l A D C is d e s i g n e d 
t o p e r m i t e c o n o m i c a l , h i g h -
r e s o l u t i o n v o l t a g e a n a l y s i s 
w i t h o u t t h e b u r d e n o f n o n 
s t a n d a r d i n t e r f a c i n g o r t h e 
o v e r h e a d o f e x c e s s i v e r a c k 
s p a c e c o n s u m p t i o n . O f f e r i n g 
3 2 i n d e p e n d e n t c h a n n e l s o f 
1 2 - b i t v o l t a g e m o n i t o r i n g in 
a s i n g l e - w i d t h C A M A C m o d 
u l e , i t p r o v i d e s p l u g - i n c o m 
p a t i b i l i t y w i t h a n y e x i s t i n g 
s t a n d a r d C A M A C r e a d o u t 
s y s t e m w h i l e o c c u p y i n g o n l y 
a s i n g l e s t a t i o n in t h e c r a t e . 

THE 2232 FEATURES: 
• H igh sens i t i v i t y : 12 bi ts or 

0 .025% reso lu t i on . 
• D i f fe rent ia l i npu ts : e l im i 

nate 50-60 cyc le and other 
c o m m o n m o d e no ise . 

• B ipo la r or m o n o p o l a r op 
e ra t i on : cove r ing a s tandard 
10-volt range. 

• T w o d ig i t i z ing m o d e s : C o n 
t inuous Scan or S ing le Shot . 

• A s y n c h r o n o u s readou t : any 
channe l can be read at any 
t ime. 

• H igh dens i t y : 32 channe ls 
in a s ing le -w id th modu le . 

• Low cos t : app rox ima te l y 
$30.00 per channe l . 

The Mode l 2232 f i nds usefu l 
app l i ca t ion in the mon i to r i ng of 
power supp ly vo l tages , magnet 
cur ren ts , t empera tu re or p res
sure t r ansduce rs , and in a va r i 
ety of o ther s i tua t ions where 
c o m p u t e r - c o m p a t i b l e h i g h -
reso lu t ion measur ing of dc 
vo l tages is des i red . Cal l or 
wr i te fo r de ta i ls . 

LeCroy 
RESEARCH SYSTEMS + 

LeCROY RESEARCH SYSTEMS CORP.; 700 S. 
Main; Spring Valley, N.Y. 10977, U.S.A.; (914) 425-
2000; TWX: 710-577-2832 • LeCROY RESEARCH 
SYSTEMS/FAR WEST; 1 First St.; Los Altos, Cal. 
94022 • LeCROY RESEARCH SYSTEMS SA; 81 
Avenue Louis-Casai; 1216 Cointrin-Geneva, Swit
zerland • LeCROY RESEARCH SYSTEMS LTD.; 
74 High Street; Wheatley, Oxfordshire OX9 1XP, 
U.K. • LeCROY RESEARCH SYSTEMS G.m.b.H.; 
Treitschkestrasse 3; 6900 Heidelberg; W. Germany. 

E. LOTTI S .A 
PLUS DE 
5 0 0 0 PRODUITS 
EN STOCK 
Reactifs MERCK 
Scintillateurs CIBA-GEIGY 

Produits 
• de recherches VENTRON-ALFA 
• pour purification des eaux 

(NaBhU) VENTRON 
• pour recherche electronique 

et nucleaire ESPI 
• biologiques GIBCO 
• chimiques purs 

R e s p o n s a b l e : M . F. R I O N D E L , i n g e n i e u r c h i m i s t e 

8, RUE B A Y L O N , 1227 CAROUGE 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. C H . 

E U R O V A I M 

SAUVIN, SCHMIDT S.A. 
Demenagements (membre EUROVAN) 
Service fret avion (agent IATA) 
Camionnage officiel CFF 
Transports lourds 
Transports speciaux 

GENEVE 

Gare de La Praille — Tel. (022) 43 80 00 
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The stringent and, to a great extent, new quality de
mands made by the nuclear industry require reliable 
measuring and testing devices of topmost accuracy. 
For this, NUKEM has developed its own measuring, 
testing and control systems, transferring the reactor-
technique know-how to the nonde
structive testing. Take, for example, 
the ROTA 40 DIM ultrasonic tube-
testing equipment, suitable for dimen
sional control of quality tubes. Thanks 
to the modular construction of the 
electronics employed, it can be made 

to meet individual test requirements and, in addition; 
be upgraded to become a fully automatic system 
with go/no-go sorting facility, with or without a pro
cessor. Our delivery programme also features instal
lations for the testing of tubes with diameters 

ranging till 220 mm. All installations 
are equipped with the new NIM-tech-
nique plug-in units. The plug-in system 
is modular, has a superior mechanical 
stability, is space saving and is being 
used all over the world. We help you 
improve your quality assurance. 

NUKEM GmbH - P.O.Box 110080 • D-6450 Hanau 11 • Telephone (06181) 500-1 • Telex4184113 nukmd 



Small things have 
their own 
unmistakeable traits. 

R e c o r d t h e m w i t h W i l d i n s t r u m e n t s . 
Casting, machin ing, f in ishing and 
assembly all leave marks, even on 
small th ings. But this tell-tale evi
dence escapes the scrutiny of the 
unaided eye. This is where the Wi ld 
stereomicroscope comes in - to pin-

Free colour brochure 
Send this coupon to Wi ld Heerbrugg Ltd., 
9 4 3 5 Heerbrugg / Switzer land 

Name 

Address 

CC 3 /77 

point and record faults w i th con
f idence. For Wi ld Heerbrugg not only 
manufacture the wor ld 's leading 
range of stereomicroscopes, but pro
duce them via the bui lding-block sys
t e m , wi th numerous addit ional sets of 
accessories. Particular attent ion is 
paid to fai thful imaging. Attachable 
cameras and refined devices for auto
matic exposure turn each photo into 
a piece of micro-evidence. Wi th such a 
system, faults can be recorded, pro
perties characterised and problems 
discussed. Wouldn ' t this help you? 
Find out - by gett ing hold of a copy 
of leaflet M 1 183. 

Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland 

H E E R B R U G G 
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