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And another? 

A t the N e w York meet ing of the Amer
ican Physical Society in February a 
Co lumbia /Fermi lab /S tony Brook team, 
lead by L M . Lederman, presented 
evidence for the existence of a part icle 
w h i c h they have cal led Upsi lon. The 
fascinat ion of this n e w object lies in 
the fact that it is the heaviest yet seen 
(around 6 GeV) and is surpr is ingly 
stable. 

The team was look ing at the p ro
duc t ion of e lect ron-posi t ron pairs f rom 
a beryl l ium target hit by 4 0 0 GeV pro
tons f rom the Fermilab accelerator. 
The experimental techn ique is very 
similar to that used by the Brook-
h a v e n / M I T team of S.C.C. T ing in 
unearth ing the famous J part icle at 
3.1 GeV. Si f t ing out e lect ron-posi t ron 
pairs f rom the spray of particles 
emerging f rom a bombarded target is 
experimental ly very t r icky but, l ike 
Sam Ting's team at Brookhaven, Leon 
Lederman's team at Fermilab have 
several years of experience at this 
d i f f icu l t game. The Columbia con t i n 
g e n t for example, w a s busy s tudy ing 
'heavy photons ' at Brookhaven in 1968. 

The detect ion system, instal led in 
the Proton Center Laboratory at Fermi
lab, consists of a doub le arm spectro
meter symmetr ical ly posi t ioned at the 
target. The arms are ident ical and each 
consists of a col l imator, a magnet, 
scint i l lat ion tr igger counters, mu l t i -
w i re proport ional chambers, scint i l la
t ion hodoscopes and, f inal ly, a lead / 
lead glass calorimeter w h i c h is the 
main detector for electron ident i f ica
t ion and energy measurement. The 
aim of the experiment was to search 
for h igh mass particles extending 
beyond the mass range w h i c h is avai l 
able to the M IT /B rookhaven team 
and the I ISN / IPN Orsay team at CERN. 
The Fermilab exper iment can scour 
the mass region f rom 2.5 to 20 GeV. 

When an electron and posi t ron are 
spot ted and their propert ies measured, 
it is s t ra ight forward t o calculate the 
mass of the object f rom w h i c h they 

cou ld have emerged. If the same mass 
occurs repeatedly, it is l ikely that a 
particle of that mass exists, one of 
the ways in w h i c h that particle can 
break-up being to produce an electron 
and a posi t ron. This was the route to 
the J particle — measurements on the 
emerging electron and positron re
peatedly added up to an object of 
mass 3.1 GeV. 

Mov ing to higher energies, the prob
abi l i ty of seeing electron-posi t ron 
pairs is expected to fall rapidly. For 
example, one theory predicts that at 
10 GeV there w i l l be on ly one heavy 
photon w h i c h can give an e lectron-
posi t ron pair for every 10 000 heavy 
photons at 2 GeV. Even at 2 GeV such 
a pho ton crops up on ly once in a 
mi l l ion interact ions in the target. This 
underl ines h o w di f f icul t it is to extend 
the search to higher energies. 

The search began in the summer of 
1975 and the equipment was tamed 
so that good data cou ld be taken 
f rom about A u t u m n . The 3.1 GeV par
t ic le was seen clearly. The first interest
ing observat ion was that the e lectron-
positron pairs were considerably rarer 
than expected. They were seen at a rate 
of about one every t w o days w i t h 5 x 1 0 9 

interact ions in the target per pulse. 
By the t ime the prel iminary f ind ings 

were made k n o w n in N e w York, 
27 events in the 5.5 to 10 GeV range 
had been measured. The exci tement 
comes f rom the fact that eleven of 
these events cluster between 5.8 to 
6.1 GeV. The experimenters estimate 
that there is a 50 to 1 chance that th is 
means a particle of mass 5.97 GeV 
w h i c h can decay into an e lect ron-
posi t ron pair. 

It also looks as if the particle, 
cal led Upsi lon, is surprisingly stable. 
Such a heavy object shou ld have so 
many ways in w h i c h it cou ld break 
up, that it should not hang around for 
long. Someth ing special about its p rop
erties w o u l d be needed to ensure 
long l i fet ime. This recalls the J / + story 

again. The h igh stabi l i ty of the 3.1 GeV 
particle is assumed to be the result of 
a special property k n o w n as charm. 
J/i> cannot easily get rid of charm and 
hence is h igh ly stable. The charm 
property is assumed to be carried by a 
n e w type of quark — charmed quark. 

If Upsi lon is conf i rmed and its 
stabi l i ty is h igh , w h a t is the cause this 
t ime? Is charm appearing again in 
some other combinat ion? Do w e need 
another property to explain Upsi lon? 
Wi l l this imply yet another quark? W e 
have already had a hint that our list of 
leptons might have to g r o w beyond 
four w i t h evidence for a new heavy 
lepton at the Stanford SPEAR storage 
r ing. Is this a hint that our list of sub -
hadrons ( the quarks) might also have 
to g r o w beyond four? 

The evidence for Upsi lon is impres
sive but needs more bolstering before 
any of these quest ions can be seriously 
tack led. The team at Fermilab may 
sw i t ch over to the detect ion of muons 
in the spectrometer arms, look ing for 
the Upsi lon decay into a posit ive 
muon and a negative muon. This decay 
is expected to occur at a rate some 5 
to 10 t imes higher than the e lect ron-
posi t ron decay but it can be even 
more d i f f icu l t to sort out f rom the 
background. Another help towards 
increasing the rate is that a f o r t h 
com ing reshuff le in the Proton Center 
Laboratory shou ld give the exper iment 
100 t imes the present proton intensity 
on to their target. 

More in format ion is eagerly awai ted 
because the evidence for Upsi lon has 
already given the melt ing pot another 
good stir. 

Members of the team are David 
Horn, Leon Lederman, Hans Paar, 
David Snyder, Jeffrey Weiss and 
John Yoh from Columbia University, 
Jeffrey Appel, Bruce Brown, Charles 
Brown, Walter Innes and Taiji 
Yamanouchi from Fermilab, and 
Dan Kaplan from Stony Brook. 
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Computing at CERN 

Our most recent fu l l rev iew of deve lop
ments in the f ie ld of compu t i ng at 
CERN dates back to the March 1972 
issue. The subsequent years have been 
more concerned w i t h consol idat ion 
than w i t h further major developments 
and briefer news in our pages, w h i c h 
has up-da ted the 1972 review, has 
seemed adequate. Dur ing the past 
year there have been tor tuous debates 
to try to map out the major features 
of the compu t i ng faci l i t ies w h i c h cou ld 
cater for the foreseeable needs of the 
research programme at CERN. 

In J u n e 1975 , these plans had 
advanced to the stage where the first 
author izat ions for purchase of new 
computers cou ld be requested f rom 
the relevant Commit tees. However , 
the probable budget restr ict ions of 
the next f e w years, w h i c h became 
clearer in the discussions prior to the 
December Counci l meet ing, made it 
necessary to reappraise these plans 
and it is a considerably reduced 
scheme w h i c h f inal ly received the 
approval of the Scient i f ic Pol icy C o m 
mittee and the Finance Commi t tee at 
the end of February. The t ime seems 
ripe to describe the est imated needs 
and the plans w h i c h have been d rawn 
up to meet them. 

The abi l i ty of computer systems to 
handle the vast quant i t ies of data 
pour ing out f rom the h igh energy 
physics exper iments is a crucial ele
ment of the Laboratory's research 
faci l i t ies. As the exper imental pro
gramme g rows or becomes more c o m 
plex, the compu t ing service has to 
keep in step. In 1975 the burden of 
w o r k g rew to the extent that the main 
central computers , based on a CDC 
7 6 0 0 w h i c h came to CERN in 1972, 
became 'saturated' . W i t h the start of 
the experimental programme at the 4 0 0 
GeV pro ton synchrot ron on the hor izon, 
it has become urgent to increase the 
avai lable compu t i ng capaci ty and to 
match it to the evo lv ing requirements 

of the exper imental programmes at the 
CERN machines. 

The present central computing service 

The present central compu t ing service, 
w h i c h has a 6 5 0 0 and a 6 4 0 0 as 
' f r on t -end ' machines to the 7600 , took 
longer to tame than expected. By now , 
however, it is wo rk i ng we l l w i t h , 
usually, less than 5 % unscheduled 
d o w n - t i m e and periods of ten hours 
between the occurrence of faults. The 
vo lume of w o r k is reflected in the fact 
that it has handled as many as 
14 500 jobs in a single week invo lv ing 
the moun t ing of over 2 5 0 0 magnet ic 
tapes. Ano ther measure of quant i ty , 
t h o u g h not necessarily of qual i ty , is 
the fact that in a year it churned out 
in format ion on about 4 0 mi l l ion pages 
of computer paper. The CERN C o m 
puter Newslet ter calculated that this 
'ecological ly horrendous consumpt ion ' 
is equivalent to a stack of paper 4 km 
h igh or a strip st retching f rom CERN 
to Vladivostok! 

Suppor t of the exper imental p ro
gramme absorbs almost 80 % of the 
central computer use (65 % go ing to 
electronic type exper iments and 1 5 % 
to bubble chamber exper iments) . This 
vo lume represents on l y about 4 0 % of 
the total compu t i ng required to back 
up the exper imental programme. A b o u t 
60 % is carried away to nat ional c o m 
put ing faci l i t ies in the Member States, 
part icular ly to we l l developed c o m 
puter centres such as Ruther ford, 
Daresbury, Saclay, M u n i c h and Karls
ruhe . . . 

The CDC 7 6 0 0 has three very fast 
f ixed disks direct ly at tached to it but 
all other peripheral equ ipment is l inked 
to the f ront end machines. To cope 
w i t h the physical spread of the CERN 
site, mak ing access to the power of 
the central computers easier, the 
system has tentacles reaching ou t into 
many areas of the Laboratory where 
RIOS (Remote Input Outpu t Stat ions) 

are instal led. There are eleven of these 
stat ions equ ipped w i t h te letype, d is
play screen, card-reader and l ine-
printer, enabl ing users to submi t jobs 
to the central computers w i t h o u t 
mov ing far f rom their place of work . 

The computer centre also has w h a t 
is cal led the FOCUS system — a net
w o r k of h igh speed l inks to small 
computers on- l i ne to experiments. The 
progress of an exper iment can thus 
be checked much more tho rough ly by 
using the power of the large c o m 
puters rather than by using the small 
computer alone. 

In add i t ion , spr inkled around the 
site are many other computers (b r ing 
ing the tota l to over 200 , involved in 
bubb le chamber f i lm measuring sys
tems, accelerator cont ro l , administ ra
t ion . . . ) . They range in size f rom large 
on- l i ne computers , (such as the Cl l 
1 0 0 7 0 / E M R 6130s at tached to the 
Omega spectrometer and the ISR Spl i t 
Field Magnet detectors) to a host of 
m in i -computers (such as Nord 10s, 
HP 2100s and PDP 11s) . 

Trends in computer use — volume, 
date storage and accessibility 

W e shou ld turn n o w to the trends 
w h i c h have d ic tated the proposed 
extension of the central compu t ing 
faci l i t ies and the ph i losophy behind 
their fu ture use. 

We start, of course, w i t h the phys
ics. In general it is mov ing to the 
invest igat ion of h igh energy pheno
mena w i t h the operat ion of the Inter
sect ing Storage Rings being supp le 
mented at the end of this year by the 
start of the SPS. These phenomena 
have the feature of higher mul t ip l ic i ty 
— many more particles emerge f rom 
higher energy interact ions — and the 
computer programs have to p ick out 
in format ion on more particles and 
have to sort the whea t f rom the chaff 
in interact ions of greater complex i ty . 
The programs for pattern recogni t ion 
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g r o w in complex i ty correspondingly . 
In addi t ion to greater complex i ty , 

they have to cope w i t h a greater 
vo lume of data. The new detect ion 
systems, part icularly mu l t iw i re pro
port ional chambers and dri f t c h a m 
bers, are able to record mul t ipart ic le 
events and in addi t ion they can take 
data at much faster rates. It is already 
not unusual for an exper iment to 
accumulate a thousand magnet ic tapes 
of data and this t rend is unl ikely to 
ease off. The Spli t Field Magne t mu l t i -
w i re detect ion system is beg inn ing to 
look at h igh mul t ip l ic i ty events w i t h 
a h igh data tak ing rate and absorbs 
some 23 % of the tota l compu t i ng 
t ime. This is a gu ide to the future. 

One interest ing approach to the 
prob lem of cop ing w i t h such vo lumes 
of data is the use of special d ig i ta l 
hardware processors (see the report 
of the Frascati Inst rumentat ion C o n 
ference in the June issue 1973 ) . These 
are devices to tackle speci f ic tasks in 
hand l ing the data pour ing ou t f rom 
the detectors. They can take over 
repeti t ive calculat ions do ing sums in 
parallel rather than in sequence. Such 
calculat ions occur in pattern recogn i 
t i on , for example, and can be handled 
faster and cheaper by the processors 
than by us ing the big computers. 
Processors can also be used in event 
se lect ion, saving fur ther computer 
t ime by reject ing events on s imple 
criteria. 

Hardware processors developed at 

CERN have been tested in a charmed 
particle search exper iment in inter
sect ion region I-6 of the ISR and 
other processors are being developed 
for an exper iment w h i c h w i l l begin 
at the SPS next year. It is d i f f icu l t yet 
to assess the fu l l impact of these pro
cessors on the problems of data reduc
t ion but it is hoped that they w i l l 
make a substantial dent in the vo lume 
of compu t i ng needed for the exper i 
ments. 

One of the important problems to 
be overcome in the future compu t i ng 
faci l i t ies at CERN is that of data 
storage. Another consequence of the 
evo lu t ion of physics as described 
above is that the present vast store 
of in format ion on magnet ic tape can 
on ly get vaster. There are over 95 0 0 0 
tapes already in store at CERN and 
they are being added to at a g r o w i n g 
rate — 10 0 0 0 in 1 9 7 4 , 2 0 0 0 0 in 1975. 
Other methods of storage have been 
invest igated (see March 1972 issue) 
but none was commercia l ly available 
a f e w years ago w h i c h cou ld reliably 
meet CERN's needs. However , recently 
IB M has started to deliver mass storage 
devices w i t h an on- l ine capaci ty of 
up to 3 x 1 0 1 2 bits. 

There have been considerable a d 
vances also in ' convent iona l ' magnet ic 
tapes. The types normal ly used at 
CERN have been improved to ho ld 
in format ion w i t h a density of 1600 bits 
per inch and tape uni ts n o w exist 

CERN 161.11.73 
The computing centre at CERN where the 
main burden of the computing service is taken 
by a CDC 7600 computer, 'front-ended' by a 
6500 and a 6400. In 1975, the capacity of 
the existing service became saturated and, 
particularly to confront the added load of the 
start of the experimental programme of the 
400 GeV proton synchrotron in 1976, a further 
extension of computing capacity is needed. 

capable of handl ing 6250 bpi w i t h 
better techniques for wr i t i ng in fo rma
t ion on and reading in format ion off 
the tape. Such high density tapes are 
in successful use, for example, at 
Daresbury, DESY, Rutherford, S tan 
fo rd . . . 

One techn ique, the use of v ideo 
tape capable of ho ld ing several h u n 
dred t imes the informat ion of a normal 
magnet ic tape, has been tackled at 
CERN itself. Successful operat ion of 
an IVC v ideo tape uni t incorporated 
in the data acquis i t ion system of the 
exper iment ment ioned above in inter
sect ion region I-6 of the ISR was 
reported in the November issue. Other 
appropr iate v ideo tape units have 
recently come onto the market. 

There is another major concern and 
that is to make the compu t ing power 
more easily accessible to the exper i 
ments and to all other computer users 
t h roughou t CERN. This calls for a 
h igh speed data commun ica t ion net
w o r k br ing ing all the smaller c o m 
puters into contact w i t h the big cen
tral computers. Such networks, on a 
smaller scale, have already been very 
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successful ly implemented for example 
at the Daresbury and DESY Labora
tories. 

The n e w generat ion of experiments 
need on- l i ne access to large computers 
much more than has been necessary 
up to n o w . The FOCUS system, men
t ioned above, has helped present ex
per iments to do some check ing as to 
h o w their data was look ing . This be
comes more impor tant w h e n the 
capital investment in the detect ion 
system goes up, w h e n the data be
comes more complex and w h e n the 
data tak ing rate is increased. 

The future computing facilities at 
CERN 

The future compu t i ng faci l i t ies at 
CERN are designed to respond to 
these needs. First of al l , addi t ional 
central compu t i ng capaci ty w i l l be 
prov ided to cope w i t h the vo lume of 
compu t i ng w h i c h w i l l be generated 
by the research programme. Secondly , 
the central computer w i l l conf ront the 
problems of data storage by being 
able to handle h igh densi ty magnet ic 
tapes and possibly later by being l inked 
to a mass storage device. Third ly, a 
h igh speed data commun ica t ions net
w o r k w i l l be prov ided to make more 
compu t i ng power available on - l i ne to 
the experiments. 

The provis ion of more central c o m 
put ing capaci ty w i l l be met by an 
I B M 3 7 0 / 1 6 8 w i t h 3 megabytes of 

CERN 223.3J4 

memory. The n e w computer w i l l be 
instal led at CERN by the end of 1976 
and it is an impor tant object ive to 
br ing it into act ion as qu ick ly as pos
sible since the SPS experimental pro
gramme wi l l add to the exist ing c o m 
put ing load as f rom that t ime. For tu
nately the 3 7 0 / 1 6 8 is a proven c o m 
puter conf igura t ion w i t h over 3 0 0 of 
them already in operat ion (150 in 
Europe). Train ing of CERN staff w i l l 
begin soon and I B M is expected to 
provide appropriate on-s i te support . 

This addi t ional compu t ing power is 
less than was envisaged a year ago 
w h e n the acquis i t ion of a second 
CDC 7 6 0 0 was part of CERN's plans. 
Priorit ies w i l l therefore have to be 
assigned in a l locat ing compu t i ng t ime 
and, in general , it is l ikely to be run 
n ing exper iments that have f irst cal l . 
The experimenters w i l l have to carry 
a higher percentage of the compu t ing 
load back to their Laboratories in the 
Member States. 

The I B M 3 7 0 / 1 6 8 w i l l handle h igh 
densi ty ( 6 2 5 0 bpi ) magnet ic tapes on 
six of its ten tape drives. Ini t ial ly, it 
w i l l have t w o printers and one card 
reader w i t h opt ions for extensions in 
terms of tape units and printers and 
of the addi t ion of more memory or a 
f ixed head disk. A further major op t ion 
is the addi t ion of a mass storage 
device of 0.82 * 1 0 1 2 bits capaci ty. 

The provis ion of a h igh speed net
w o r k w i l l be based on the use of small 
computers jo ined by h igh speed data 

A reflection of the data storage problem is this 
collection of tapes. Over 95 000 are already 
in store and they are being added to at a 
growing rate. 10000 found their way onto the 
racks in 1974, and 20000 in 1975. 

l inks. The computers w i l l act as c o n 
centrators l inked to experimental area 
suppor t computers, sw i t ch ing data 
streams f rom their sources to their 
desired dest inat ions. 

The instal lat ion of a ne twork cover
ing the CERN site wi lT take some t ime 
and w i l l not be in operat ion for the 
start of the SPS experiments in the 
West Area. These experiments may 
begin l inked to the computer centre 
via the FOCUS system. 

The ne twork w i l l be a general pur
pose faci l i ty. It has to be f lexible, so 
as to cope w i t h the w i d e variety of 
needs, and it has to be easily ex tend
ible to cope w i t h future needs, some 
of w h i c h cannot be predicted at the 
moment . 

A possible future element of the 
ne twork w h i c h cou ld become heavily 
used in the fu ture is a 'ga teway ' out 
to other Laboratories. A t present, 
Rutherford ( w h o have an extensive 
'wo rk s ta t ion ' ne twork of their o w n 
external to the Laboratory) and Saclay 
have post of f ice te lephone line l inks 
f rom CERN, th rough w h i c h their ex
per imental teams can pass data to 
their home computers. There is a d raw
back in that the speed of data trans
mission over te lephone lines is not 
high (9.6 kb i ts /s ) . The possibi l i ty of 
direct m ic rowave l inks has been tested 
at Daresbury and the possibi l i ty of using 
other commun ica t ion l inks (for exam
ple, us ing satell ites) is being studied. 
These w o u l d be capable of some 
Mb i ts /s . There are European-wide dis
cussions on these quest ions at the m o 
ment and w e w i l l be coming back to 
them in the near future. 
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Thinking about PETRA experiments 

Whi le bul ldozers and scrapers were 
busy cut t ing the tunne l for the elec
t ron-pos i t ron storage r ing, PETRA, at 
the DESY Laboratory far to the nor th , 
physicists f rom all over Europe (plus 
some f rom Japan , Israel and the USA) 
sat together in the Frascati sun to 
discuss exper iments and detect ion 
systems for the new machine. Frascati 
was a very appropr iate place to ta lk 
about storage rings since it houses 
A D O N E — the f irst of the large 
e lect ron-pos i t ron machines. 

The meet ing was sponsored by the 
European Commit tee for Future A c 
celerators, ECFA, and was organized 
by DESY and the Ital ian Ist i tuto Nazio-
nale di Fisica Nucleare, INFN. There 
were some 2 0 0 part ic ipants and on ly 
l imi ted space kept the number d o w n , 
ind icat ing the great interest in higher 
energy e lect ron-pos i t ron physics. 

Like the Meet ings organized by 
ECFA at Tirrenia to discuss the exper i 
mental programme at the SPS a f e w 
years ago, the aim was to have the 
part ic ipat ion of the w h o l e European 
h igh energy physics c o m m u n i t y in the 
preparat ion of the PETRA programme. 

There is one s igni f icant di f ference, 
however — the SPS is be ing bui l t at 
CERN as a European machine, PETRA 
is be ing bui l t at DESY w h i c h is a 
nat ional Laboratory in the Federal 
Republ ic of Germany. It is the first 
t ime that European part ic ipat ion to 
this extent has been inv i ted in the 
explo i ta t ion of a nat ional machine. 
This reflects both the scale of the 
exper iments w h i c h w i l l explo i t the 
machine ( they are a lmost all l ikely to 
call for an investment of manpower 
and f inance that requires internat ional 
col laborat ion) and also the degree of 
integrat ion w h i c h has been achieved 
in the high energy physics commun i t y . 

PETRA (Posi t ron Electron Tandem 
Ring Accelerator) w i l l br ing electrons 
and posi trons up to col l is ion energies 
of 2 x 1 9 GeV mov ing into an u n 
predictable range of physics. A number 

of in t roductory talks tr ied to conv ince 
the audience that theoret ical physicists 
are not w i t h o u t imaginat ion as to w h a t 
might happen at PETRA energies but 
rarely have experimental results f rom 
an accelerator in a new energy range 
matched the predict ions. They have 
usual ly led to surprising discoveries 
that had not been envisaged. It was 
perhaps w i t h this in m ind , that Pro
fessor A. Gig l i , President of I N F N , 
ended his open ing address w i t h the 
quest ion 'What comes after PETRA?' 

Gus Voss, w h o is project leader for 
PETRA, has not much t ime to be 
th ink ing so far ahead at the moment . 
He described progress up to the be
g inn ing of March and an updated 
version of the PETRA proposal was 
dist r ibuted. The major further change 
w h i c h emerged at the Frascati Meet ing 
is to increase the length available for 
detect ion systems at the col l is ion 
regions f rom 10 m to 15 m. Slides 
s h o w i n g the excavat ions on the site 
and the first tunnel sect ions ready for 
cast ing in concrete were a reminder 
that the t ime available for br ing ing 
the init ial experimental programme 
into shape is not long. A t igh t c o n 
st ruct ion schedule plans to have c o l 
l id ing beams in Ju l y 1979. This is a 
chal lenge to the experimenters as we l l 
as the machine builders. 

Electron-posi t ron physics has ex
p loded in interest since the Brook-
haven, DESY, Stanford discoveries of 
the n e w fami ly of heavy stable par
t icles. The news f rom Fermilab, re
ported in our open ing article this 
mon th , adds stil l more fuel to the fire. 
A complete ly new chapter in par
t ic le physics has opened and c o l 
l id ing beams are ideal for carry ing the 
studies further. They are avai lable at 
present up to col l is ion energies reach
ing about 7 GeV. PETRA w i l l ho ld 
beams w i t h energies between 5 and 
19 GeV and a col l is ion energy range 
to 38 GeV w i l l beopen for invest igat ion. 
The Berkeley/Stanford storage r ing, 

PEP, w i l l cover a similar energy range 
and its comple t ion date is not l ikely 
to be far behind PETRA. 

React ion products f rom co l l id ing 
beams f ly f rom the point of col l is ion 
into the sur round ing sphere more or 
less un i fo rmly (a theme w h i c h i n 
f luenced Renzo Vespignani in his 
d raw ing on our f ront cover) . A lmos t 
all of the detect ion systems for exper i 
ments presented to the Meet ing tr ied 
to sur round the interact ion point as 
complete ly as possible. Proposals on 
detectors came f rom various European 
laboratories w i t h one also f rom the 
Universi ty of Tokyo. Since the detec
t ion systems need to be ready in three 
years' t ime, the experimenters are really 
caught be tween t w o alternatives. 
Either they bui ld a detector w i t h c o n 
vent ional techniques w i t h conf idence 
that it w i l l be ready in t ime, or they 
use more adventurous techniques 
(such as the aerogel Cherenkov c o u n 
ter or microchannels for a streamlined 
detector) and take the risk of higher 
costs and longer t imes. The discussions 
on detect ion systems, begun at the 
Meet ing , w i l l cont inue. Many contacts 
were made at Frascati w h i c h are l ikely 
to be the basis of the col laborat ions 
for the experiments. 

In his conc lud ing remarks, He lw ig 
Schopper, Director of the DESY Labo
ratory, announced that a PETRA Pro
gramme Commit tee PPC w i l l soon be 
establ ished tak ing into account the 
op in ions of an ECFA Advisory C o m 
mittee and of the Extended Research 
Commi t tee of DESY w h i c h has inter
nat ional par t ic ipat ion. Proposals for 
the first generat ion of exper iments 
shou ld be submi t ted by the end of 
Ju l y 1976 f o l l o w i n g letters of intent 
w h i c h shou ld be sent in as soon as 
possible (at the latest before the end 
of Ap r i l ) . A Workshop on the PETRA 
programme w i l l be held at DESY f rom 
6-11 September and decisions c o n 
cern ing the first instal lat ions are an t i 
c ipated in October. 
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Around the Laboratories 
Canadian Prime Minister Pierre Trudeau 
(right) is introduced to the intricacies of the 
negative ion injection line at the TRIUMF 
cyclotron. The Prime Minister performed the 
official dedication of TRIUMF on 9 February. 

(Photo Vancouver Sun) 

TRIUMF 
Dedication and 
polarization 
The of f ic ia l ded icat ion of T R I U M F 
was per formed by the Prime Minis ter 
of Canada, the Rt. Hon . Pierre Ell iott 
Trudeau, on 9 February. The ceremony, 
w h i c h t ook place on t op of the 5 m 
th ick , 3 0 m square concrete shie ld ing 
roof of the cyc lo t ron vaul t , was 
at tended by federal and provincia l 
cabinet ministers, representatives of 
government f und ing agencies and 
off icials of the four f o u n d i n g univer
sit ies, as we l l as by an audience of 
over seven hundred staff and fr iends 
f rom T R I U M F , the exper imental teams 
and the cont rac t ing companies. 

Dur ing his speech Mr. Trudeau 
announced that the Canadian govern 
ment w i l l provide extra capital funds 
to br ing the proton beam up to fu l l 
intensity. A t present the beam current 
is l imi ted to 1 \ik by the amoun t of 
sh ie ld ing available. The extra funds — 
several mi l l ion dol lars — w i l l make it 
possible to raise the beam current 
f rom the 520 MeV cyc lo t ron to the 
design aim of 100 fxA. The remainder 
of the shie ld ing w i l l be instal led, the 
h igh current beam line comple ted and 
the 180 k W beam d u m p and thermal 
neutron source const ruc ted. This w o r k 
shou ld be comple ted w i t h i n the next 
year and a half. 

In announc ing the federal grant, 
the Prime Minis ter gave t w o reasons 
for suppor t ing the pro ject : 'We must 
t ry to protect the best and to maintain 
a sol id basis f rom w h i c h w e can go 
fo rward in better t imes w h e n w e have 
more money to spend. Second , w e 
must g ive pr ior i ty to those projects 
that g ive the greatest value to society 
in relat ion to expend i tu re / 

Mr. Trudeau also commented on 
the co-opera t ive nature of the TRIU M F 
project, w h i c h is a jo in t venture of the 
Universit ies of Alber ta, Brit ish C o l u m 

bia and Victor ia, and S imon Fraser 
Universi ty: 'What I l ike here' he said, 
' is that th is is a project shared by four 
Universit ies. W h e n I used to be c o n 
nected w i t h Universit ies, I a lways 
f o u n d it wor r i some that each U n i 
versity considered it had to be a 
special ist in every th ing. W e were 
spreading ourselves very th in and w e 
d id not have much depth . I understand 
that there is n o w a move amongst 
Universit ies to create centres of exce l 
lence and I certainly w a n t to encourage 
this. The fact that four Universit ies 
co-opera ted on this project is some
th ing w h i c h pleases me very much 
and w h i c h makes me th ink that 
governments and tax-payers w i l l be 
using their money more useful ly here 
than by t ry ing to have Universit ies 
w h i c h are all th ings to all s tudents. ' 

The day f o l l o w i n g the ded icat ion, 
a polarized beam was accelerated in 
the cyc lo t ron for the first t ime. A 
polar izat ion of 4 0 % was detected by 

scatter ing f rom carbon at 3 5 0 MeV, 
in agreement w i t h that expected f rom 
the polarized ion source — a Lamb-
shift negat ive hydrogen ion source — 
in the operat ing mode that was used. 
The intensi ty of the extracted beam 
was 20 nA out of 200 nA leaving the 
polarized source. W h e n a solenoid 
short is repaired, it shou ld be possible 
to raise the polar izat ion to 80 %. The 
polarized source itself was bui l t by 
G. Roy at the Universi ty of Alberta 
and instal led and commiss ioned by 
J.L. Beveridge, P. Bosman, G. Dut to 
and S. Jaccard. 

DARESBURY 
Towering NSF 
The t w i n towers of the Daresbury 
Nuclear Structure Faci l i ty are a new 
feature on the north Cheshire skyl ine. 
Construct ion of the t ower w h i c h w i l l 
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conta in a large tandem Van de Graaff 
and of its ad jo in ing access t ower has 
reached the top sect ion where the 
injector room w i l l be s i tuated. 

The NSF is des igned to prov ide a 
w i d e variety of beams, f rom protons 
to the heaviest ions, for use pre
dominan t l y in nuclear physics exper i 
ments. W i t h a terminal potent ia l of 
3 0 MV, beam energies w i l l be c o n 
siderably higher than is possible f rom 
any other tandem machine. Negat ive 
ions in jected at the t o p of the machine 
w i l l be accelerated t o the posi t ive 
central terminal where they w i l l be 
s t r ipped of electrons and fur ther 
accelerated away f rom the terminal 
to the bo t tom of the machine. A 
bend ing magnet w i l l there fan t hem 
ou t in to exper imental areas. 

To achieve such a h igh vo l tage, a 
t ho rough deve lopment p rogramme on 
b reakdown phenomena, on sui tabi l i ty 
of materials in h igh vo l tage env i ron
ments, e t c . . . has been carried out . 

A pi lot machine (s ing le-ended Van de 
Graaff w i t h a vol tage of 10 MV) has 
been used to test components under 
cond i t ions as close as possible to 
those in the NSF. A n impor tant innova
t ion is the use of a ' ladder t ron ' (a str ing 
of conduc to r bars like the rings of a 
ladder l inked at each end by insulat ing 
beads) rather than the t radi t ional belt 
to convey charge to the central ter
minal . 

The t w i n towers are the most str ik
ing s ign of const ruct ion progress at 
present. Their size is d ic tated by the 
d imensions of the pressure vessel 
w h i c h encloses the accelerator s t ruc
ture. The vessel stands 45 m high and 
is 8 m in diameter. Vessel sect ions, 
we igh ing 50 and 75 tons, have recent ly 
been lowered into the tower , using 
one of the wor ld 's highest capaci ty 
cranes, and are n o w being we lded 
together. Af ter c leaning, a pressure 
test w i l l f o l l o w using water for safety 
reasons rather than air. Su lphur hexa-

The world's highest capacity crane lifts a 
pressure vessel section into the Van de Graaff 
tower at Daresbury. The sections weigh 
about 50 tons. Construction of the buildings 
to house the Nuclear Structure Facility (NSF) 
is well advanced. The photograph indicates 
progress on the Van de Graaff tower, the 
adjoining service tower and an experimental 
hall at the base. 

f luor ide gas w i l l eventual ly be used at 
7 atmospheres pressure w h e n the 
machine is operat ing. 

The roof is n o w being bui l t on one 
of the exper imental areas. It is here 
that sect ions of the accelerator stack 
w i l l be assembled. Stack legs, of w h i c h 
there are e ight per sect ion, are being 
manufactured. They are made of glass 
insulators protected by annular spark 
gaps. A fu l l length laddertron is a lmost 
comple te and w i l l be tested in a n e w 
tal l bu i ld ing , just over half the height 
of the NSF tower , w h i c h the Risley 
Laboratory of the UKAEA had the 
fo re though t to bu i ld (for complete ly 
di f ferent purposes) . The bu i ld ing is 
avai lable for these tests for about a 
year f rom the end of March . 

T w o impor tan t magnets are crossing 
the At lant ic en route for Daresbury. 
One w i l l provide the 90° bend (1.25 m 
bend ing radius) at the t op of the 
machine t o in ject ions into the 
accelerator. The other w i l l provide the 
9 0 ° bend (1 .65 m bending radius) at 
the bo t t om of the machine to direct 
ions t o the experiments. This latter 
magnet has to be of h igh opt ica l 
qual i ty s ince it w i l l serve as a spect ro
meter magnet in stabi l iz ing the central 
terminal vo l tage. Accuracies of one 
in 1 0 4 are required and the t r icky j o b 
of min imis ing the effects of di f ferent ial 
hysterisis w i l l be done at the Labo
ratory. 

The pi lot machine is being used to 
test accelerator components inc lud ing , 
at present, the l iquid f reon system 
w h i c h w i l l be used for coo l ing the 
central terminal . The condi t ions at 
10 M V in the p i lo t machine involve 
vo l tage gradients higher than those 
w h i c h w i l l be experienced in the NSF 
itself. M a n y other components — 
electronics, shor t ing units, surge f i l ters, 
etc . . . are also at the test stage. 

A User Commi t tee was set up about 
a year ago and has been part ic ipat ing 
part icular ly in design decisions relat ing 
to the exper imental areas. Special ist 
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Close up view of the laddertron, a string of 
conductor bars linked at each end by 
insulating beads, which will be used, rather 
than the traditional belt, to convey charge 
to the central terminal of the NSF. 

Below is an inside view of the Pilot Machine 
which is being used in a thorough development 
programme on breakdown phenomena to 
back up the design and construction of the NSF. 

(Photos Daresbury) 

study groups have been set up on ion 
sources, beam lines, on- l ine isotope 
separators, spectrometers, and data 
handl ing systems. The aim is to be 
ready w i t h equ ipped exper iments w h e n 
accelerated ions become avai lable. 

The NSF w i l l n icely comp l iment the 
abi l i t ies of the other heavy ion 
machines in Europe — the Darmstadt 
U N I L A C and the Caen G A N I L It w i l l 
provide ions of very precisely k n o w n 
energy w h i c h is con t inuous ly variable 
over a considerable range. The d.c. 
ion beams w i l l have very l o w energy 
spread. These classical propert ies of 
a Van de Graaff machine w i l l be ideal 
in many categories of nuclear physics 
research. 

BROOKHAVEN 
10 1 3 protons and how 
they are used 
1 0 1 3 protons per pulse have been 
accelerated th rough the 33 GeV Al ter
nat ing Gradient Synchro t ron at Brook-
haven Nat ional Laboratory. This in ten
sity is one of the goals of the A G S 
Improvement Programme, a rejuvena
t ion exercise on the machine w h i c h 
is n o w 15 years o ld . The achievement 
was delayed by the budget and staff 
cuts of recent years but has come 
a long at a very sui table t ime to feed a 
series of interest ing experiments. On 
9 February, 1.09 x 1 0 1 3 was reached 
and intensit ies around 1 0 1 3 were sus
ta ined th roughou t a physics run. This 
rev iew of h o w these protons are used 
at Brookhaven has been compi led by 
H. Foelshe and D. Lowenste in . 

The 1975 summer s h u t d o w n was 
used to repair and improve c o m p o 
nents th roughou t the machine. A new 
reentrant type ion source was c o m 
pleted and a n e w ceramic accelerat ing 
co lumn was instal led and tested up 
to 8 0 0 kV in the preinjector. The 

2 0 0 MeV linac was given a tho rough 
overhaul . The power ampl i f ier systems, 
the mul t i -s tem dri f t tubes and the r.f. 
p i ck -up probes were extensively re
wo rked . In add i t ion , a h igh energy 
electrostat ic chopper was instal led and 
n e w pulsed quadrupoles and steering 
magnets were added to the beam 
transport system between the l inac 
and the A G S r ing. 

In the r ing, an r.f. gap was instal led 
at the L20 superper iod posi t ion to 
evaluate its use as a w i d e b u n c h m o n i 
tor. This device w i l l be used to measure 
the induced image currents as these 
currents f l o w th rough resistors arrayed 
around the gap. A bandw id th of over 
3 0 0 M H z is expected f rom previous 
bench test measurements. A n ioniza
t ion beam scanner ( I B S ) , bui l t at 
CERN, was also instal led at this pos i 
t i on . 

To keep in l ine w i t h the present 
cul tural t rend for you th fu l appearance, 
as we l l as a iming for more reliable 
operat ion, the main contro l room was 
g iven a partial facel i f t . A n enormous 
number of cables, racks, etc. were 
removed and a more modern computer 
or iented beam extract ion console was 
instal led. W i th the rising cost of elec
tr ical power over the last f e w years 
( n o w reaching about S 2 7 / M W H ) , the 
A G S has instal led a computer ized 
system to operate the beam transport 
magnet power suppl ies more ef f ic ient-

ly. 
The swi tchyard of the s l ow extracted 

beam has been computer ized as we l l 
as the l o w energy separated beam at 
the C target s tat ion. This updat ing of 
the magnet controls had already been 
comple ted in the previous year for t w o 
secondary beams emerg ing f rom the 
B stat ion and the fast extracted beam 
to the neutr ino area ( inc lud ing the 8° 
superconduc ing d ipo le magnet ) . Dur
ing this year, the remaining secondary 
beam contro ls w i l l be updated. 

The net result of all these improve
ments to the A G S complex has been 
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a large increase in the number of p ro 
tons available for h igh energy physics. 
In 19 operat ing weeks since the s u m 
mer of 1975 , the A G S del ivered 2.58 x 
1 0 1 9 protons. In the previous f iscal 
year (Fiscal Year 1975 f rom summer 
1974 to summer 1 9 7 5 ) , 3.5 x 1 0 1 9 

protons were del ivered in about 
33 operat ing weeks w h i l e 2.85 x 1 0 1 9 

protons were produced for a 4 0 weeks 
programme in Fiscal Year 1974. There 
are, on average, 0.6 to 0.8 x 1 0 1 3 p ro
tons every 2.5 s spi l led over 7 0 0 -
8 0 0 ms. 

N o w that the A G S is a veri table 
pro ton factory, it can happi ly suppor t 
three target stat ions s imul taneous ly in 
the swi tchyard of the s l o w extracted 
beam plus one internal target s ta t ion, 
all located in the East Area. In Decem
ber 1975 , twe lve exper iments were 
able to take data in the East Area and 
nine of these cou ld operate at the 
same t ime. Averaged over the year, 
the number of s imul taneously operat
ing experiments is 7 to 8 in the East 
Area and, in order to use the l imi ted 
electrical energy and other basic re
sources eff ic ient ly, every effort is made 
to keep this number as h igh as pos
sible. 

The East Area programme comprises 
all the electronic detector physics w i t h 
the except ion of the neutr ino physics 
w h i c h is pursued in the Nor th Area 
w i t h the 7 foo t bubb le chamber and 
one or t w o electronic exper iments. 
The East Area and the Nor th Area 
runs are separate in t ime, a l ternat ing 
three t imes a year. Unfor tunate ly , the 
bubb le chamber programme has re
ceived a serious set back due to a 
recent structural fai lure of the chamber 
supports. The neutr ino physics w i l l be 
curtai led unt i l the summer. On the 
posi t ive side in th is area, the recently 
developed d ichromat ic nar row band 
neutr ino beam has been commiss ioned 
w i t h great success and the basic 
operat ing parameters of the 7 foo t 
bubb le chamber w i t h a neon-hydrogen 

Experimental area layout at the Brookhaven 
Alternating Gradient Synchrotron. The 33 GeV 
synchrotron has topped 7013 protons per pulse 
and is feeding experiments via a slow ejected 
beam, a neutrino beam and an internal target. 

The Multiparticle Spectrometer (MPS) at the 
Brookhaven synchrotron. Cylindrical spark 
chambers are located in the large magnet 
aperture and their read-out 'tails' project on the 
side nearest the camera. The support arm 
for the liquid hydrogen target passes along 
the axis around which the tails emerge. 

(Photo Brookhaven) 
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mixture (80 % neon, 20 % hydrogen) 
have been establ ished. 

The previous year was a remarkable 
one for physics. Hot on the heels of 
the J / + d iscovery by the M I T / B r o o k -
haven group came the observat ion of 
a charm part icle candidate f rom the 
7 foo t chamber by a Brookhaven 
group. The physics programme is 
varied but the main i tem has been the 
search for charm and other stable 
states. The M IT /B rookhaven group 
has pursued charm in several di f ferent 
ways . They used their pair spect ro
meter, in w h i c h the J/<JJ was observed, 
to s tudy the spectrum of hadron pairs 
w i t h and w i t h o u t an associated muon . 
Their f irst observat ion was the sur
pr is ingly s imple behaviour in hadron 
pair p roduc t ion (w i t h masses over 
2 GeV /c 2 ) f rom p ro ton -nuc leon co l l i 
sions. They reported that , for 28.5 
GeV/c protons inc ident on bery l l ium, 
the measured cross sect ion decreases 
in propor t ion to the mass and can be 
considered in three groups (n- p ) , 
(TC+ TZ-, pp , K" p) and (K~ TT+, n+p). 
The astonishing feature of the measu
rements is that the y ie lds w i t h i n a 
g roup are the same to ± 20% wh i l e 
the cross sect ions for the groups are 
separated by a factor of about ten one 
f rom another. A fur ther pair spect ro
meter has been set up by a Princeton 
g roup to look for charm in an t ip ro ton-
nuc leon col l is ions at 12.5 GeV/c . They 
are tak ing data. 

Dur ing the past year, there have 
also been several exper iments to look 
for direct lepton product ion ( P e n n / 
S tony Brook) in pp col l is ions, search 
for nar row states in neu t ron-nuc leon 
interact ions (Roches te r /BNL) in an t i -
p ro ton -p ro ton col l is ions around the 
S (1932) region (Ya le /BNL) and in 
an t ip ro ton-p ro ton annih i la t ions at rest 
(Syracuse / B N L ) . The Mul t ipar t ic le 
Spectrometer ( M P S ) has also been 
used to look for n e w states in p ion , 
kaon and an t ip ro ton-p ro ton inter
act ions. Over the same per iod, the 

7 foo t bubble chamber has taken 
4 0 5 thousand pictures of neutr ino 
and ant ineutr ino interact ions in both 
hydrogen and deuter ium. These exper i 
ments are either comple ted or at the 
analysis stage. T w o electronic exper i 
ments, invest igat ing the isospin cha
racter of neutral currents in neutr ino 
and ant ineutr ino interact ions respec
t ively, have been comple ted in and 
another invest igat ing neutr ino elastic 
scatter ing is in progress. 

The Penn /S tony Brook group has 
reported that even d o w n to inc ident 
proton momenta of 10 GeV/c , they 
observe direct lepton produc t ion f rom 
a target and the lepton rate increases 
as the lepton transverse m o m e n t u m 
decreases. The Sy racuse /BNL exper i 
ment has reported that no clear 
ev idence is f o u n d for monoenerget ic 
gamma rays w i t h intensit ies greater 
than 1 per 3 0 annih i lat ions. This is 
s t rong evidence against the existence 
of the ' cosmion ' . 

The rest of the A G S programme has 
also been interest ing even if not so 
fashionable. A partial list covers areas 
such as weak interact ions — S - beta 
decay ( P i t t s b u r g h / B N L ) , K° radiative 
decays (Roches te r /BNL) , CP v io la 
t ion parameters in neutral K° decay 
( N Y U ) ; a tomic physics — Lamb shif t 
in TZ,[L atoms ( S t a n f o r d / N Y U ) , hyper-
nuclear physics ( B N L / L e h i g h ) and 
s t rong interact ions — K~ p and pp 
charge exchange cross sect ion ( L B L / 
M t . Ho lyoke) , elastic scatter ing f rom 
a polarized target ( Y a l e / B N L ) . 

The future programme is l ikely to 
sustain the exci tement. Areas such as 
the search for new , nar row or not so 
nar row states w i l l be pursued, for 
example in the M PS, as we l l as system
atic studies of the direct lepton puzzle 
— single electron and electron pair 
p roduc t ion ( B N L ) , s ingle muon and 
muon pair p roduct ion ( Y a l e / B N L ) . A 
very large and accurate spectrometer 
is p lanned for hypernuclear spect ro
scopy (BNL /P r i nce ton ) using the l o w 

energy separated beam. Dur ing the 
com ing year, a h igh energy u n -
separated beam to the M P S w i l l be 
bui l t , w i t h the addi t ional capabi l i ty of 
del iver ing beam to a second area on 
the exper imental f loor. This beam w i l l 
be un ique in having four super
conduc t i ng d ipo le magnets of the type 
w h i c h w o u l d be used in the 200 GeV 
proton storage rings project, ISA-
BELLE. The present muon beam w i l l 
be reworked to provide a h igh in ten
sity p ion f lux of up to 24 GeV/c . 

The coming year at the A G S w i l l be 
a very busy one. A l t h o u g h most of 
the g lamour in part icle physics dur ing 
the past f e w years has moved to the 
higher energy machines, it has been 
s h o w n again by the recent Brook-
haven results, h o w impor tant it is to 
have a viable physics programme over 
a large energy range. 

HEP money in the UK 
On 17 February a T o w n Mee t i ng ' was 
held in London to discuss the impl ica
t ions of the foreseeable budgets avai l 
able for h igh energy and nuclear phys
ics research in the U K. It was organized 
by the Nuclear Physics Board of the 
Science Research Counci l and a t tend
ed by over 150 h igh energy and nuclear 
structure physicists. 

It is l ikely that the Science Research 
Counci l w i l l have to reduce the budget 
assigned to th is research f rom £41.2 
mi l l ion in 1 9 7 6 - 7 7 to around £ 3 0 m i l 
l ion in 1980 -81 (1976 pr ices). Of the 
present budget about £19 mi l l ion is 
taken up by the UK cont r ibu t ion to 
CERN, about £2 mi l l ion goes in direct 
suppor t of research at Universit ies and 
the other half sustains the programmes 
of the Daresbury and Rutherford 
Laboratories. 

Despite the fact that the CERN 
budgets are scheduled to be t r immed 
back by a f e w percent per year th rough 
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A possible configuration of the beam lines and 
experimental equipment at the Oak Ridge 
Heavy Ion Laboratory. The base of the tandem 
is bottom left in the diagram. Experiments 
could be fed from there or from the 
cyclotron, located top right, following further 
acceleration. 

to 1979 , this w i l l not alter the UK 
si tuat ion very much . W i t h o u t a change 
of pol icy, it w i l l be a lmost impossible 
to sustain a nat ional h igh energy 
physics research programme at the 
end of the decade. The l ikely imp l ica
t ions are as f o l l ows : 

The 5 GeV electron synchrot ron 
N I N A at Daresbury w i l l be c losed 
d o w n in 1977. This c losure has been 
ant ic ipated for some t ime and suppor t 
for h igh energy physics exper iments 
has been mov ing steadi ly to Ruther
fo rd . Daresbury has, however , t w o 
cha l leng ing projects to keep them 
busy in the f ie ld of nuclear physics 
and other branches of physics and 
b io logy. A 30 MeV tandem Van de 
Graaff Nuclear Structure Facil i ty and 
a 2 GeV electron storage r ing Synchro 
t ron Radiat ion Source w i l l be among 
the f inest research faci l i t ies of their 
t ype in the w o r l d and the Laboratory 
seems to have an interest ing p ro 
g ramme for many years to come. 

t h o u g h more money may be needed 
in order to operate the faci l i t ies at 
their fu l l potent ia l . 

The 8 GeV proton synchrot ron N i m -
rod at Rutherford may have to be 
closed d o w n in 1978 or 1979. This 
presents a very d i f f icu l t s i tuat ion to 
the Laboratory w h i c h w o u l d then have 
no central research programme of its 
o w n on the N imrod scale. The Labo
ratory's fu ture had been very closely 
t ied to the EPIC e lect ron-posi t ron 
storage r ing project w h i c h d id not 
receive f inancial back ing. Other pos
sibi l i t ies are n o w under examinat ion 
and w e hope to report on them soon. 

Rutherford w i l l remain the support 
centre for UK high energy physicists 
using the CERN faci l i t ies and, possibly, 
the e lect ron-pos i t ron storage r ing, 
PETRA, at DESY. However , the money 
avai lable for these exper iments else
where , if the fu l l budgets cuts are 
appl ied, is unl ikely to be suf f ic ient to 
suppor t more than about a half of the 

present number of UK h igh energy 
physicists. 

OAK RIDGE 
Heavy Ion Laboratory 
The USA parallel to the Daresbury 
Nuclear Structure Facil ity is at the 
Heavy Ion Laboratory of Oak Ridge 
Nat ional Laboratory where const ruc
t i on of a bu i ld ing to house a 25 M V 
tandem electrostat ic accelerator is 
start ing th is mon th . 

A n isochronous cyc lot ron (ORIC) 
is already in act ion at the Laboratory 
and the purpose of the n e w tandem 
is to extend the heavy ion research 
capabi l i t ies. It w i l l be possible to 
t ransport beams f rom the tandem to 
ORIC for fur ther accelerat ion. A str ik
ing feature of the design is that the 
tandem is ' f o lded ' rather than linear. 
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Negat ive ions leave f rom the base of 
the tower , are accelerated to the cen
tral terminal where they are str ipped 
of electrons and bent th rough 180° to 
be further accelerated back to the base 
of the t ower where a 90 ° bend fans 
them out to exper iments or directs them 
to the cyc lo t ron. 

Some parameters of the project are 
as f o l l o w s : Tower height 160 f o o t 
diameter 45 foo t ; Pressure vessel 
height 100 foo t , diameter 33 foo t ; 
Ion masses w h i c h can be accelerated 
35 to 2 5 0 a m u ; Analysed beam in ten
sity 1 pptA; Terminal potent ia l f rom 
7.5 to 25 MV. Beam energies as a 
func t ion of the ion mass for bo th the 
tandem alone and the tandem plus 
ORIC are s h o w n in the d iagram. The 
total project cost is §17.5 mi l l ion w i t h 
about $8 mi l l ion for the accelerator 
system w h i c h is to be bui l t by Nat ional 
Electrostatics Corporat ion. The sched
uled commiss ion ing date is 1979. 

It is in tended to be a nat ional 

The folded tandem design, first proposed by 
Luis Alvarez in 1951, to be applied at the Oak 
Ridge Heavy Ion Laboratory. It has the advantages 
of reduced length, ground level injector 
room location, better charge separation via 
the 180° magnet and lower stored energy. 
On the other hand the 180° magnet is no easy 
technological problem and the advantage 
of reduced length is countered by increased 
diameter. 

faci l i ty for research in nuclear chem
istry, sol id state physics, health phys
ics, b iophysics and materials damage. 
The project Director, James Bal l , is 
advised by a Pol icy Board consist ing 
of D.A. Bromley, H.E. Grove, H.A. 
Grunder, J .H . Hami l ton and J.P. Unik. 
A user commun i t y of some 5 0 0 sc ien
tists is represented by an Executive 
Commit tee w i t h members Marshal l 
B lann, J o h n Rasmussen, J o h n Fox, 
Edward Zganjar, Sheldon Datz and 
James Ford. Gene Eichler f rom Oak 
Ridge serves as Liaison Officer. 

CERN 
Machines come 
on again 
The Proton Synchro t ron and Inter
sect ing Storage Rings had a t w o 
month s h u t d o w n at the beg inn ing of 
the year wh i l e a large number of 
modi f icat ions and a general pro
gramme of maintenance was carried 
ou t (see January issue, page 2 3 ) . The 
Linac, Booster and PS Ma in Ring all 
came back into act ion at the end of 
February as scheduled. 

It soon became clear, however , that 
not enough t ime and people had been 
available for all the prel iminary hard
ware tests main ly on equ ipment need
ed for beam in ject ion f rom the Booster 
to the PS and ut i l izat ion of protons 
at h igh energy. Problems were also 
encountered w i t h power suppl ies 
w h i c h had suffered f rom the fire last 
year. 

Computer cont ro l of many para
meters was changed dur ing the shut 
d o w n in order to cope w i t h the needs 
of operat ion w i t h supercycles (one 
cycle at 10 GeV/c for SPS f i l l ing , one 
or t w o cycles for 25 GeV/c physics 
and ISR f i l l ing) and intensi ty modu la 
t i on . This has been done w i t h the 
exist ing PS cont ro l computers but the 

Beam energies from the 25 MV tandem 
plotted against ion mass. Curves are plotted 
for the existing cyclotron, ORIC, for the 
tandem alone and for the tandem used in 
conjunction with ORIC. The dashed line indicates 
the position of the Coulomb barrier for a lead 
nucleus. For the accelerated ion to 
become involved in nuclear reactions with 
lead it needs to have an energy above this line. 

t un ing of machine parameters is n o w 
lengthy and the need for a new inte
grated system is even more evident 
than before to the machine engineers 
and technic ians. 

Despite these problems, after ten 
days of operat ion, the PS was runn ing 
w i t h a supercycle and its associated 
new t im ing , fast extract ion for the g -2 
exper iment and the 2 m chamber was 
w o r k i n g ; s l ow extract ion for the East 
Hall and target 1 operat ions were used 
for counter exper iments and fast 
extract ion to the ISR was operated. 
Trials have been made of the c o n 
t inuous transfer for the SPS and the 
static d u m p line. There is conf idence 
that by 5 Apr i l the PS w i l l be ready 
to supp ly the SPS, ISR and 25 GeV/c 
physics users dur ing the same super-
cycle. 

The ISR had their f irst protons f rom 
the PS on 1 March . Af ter on ly t w o 
hours of adjustments there was beam 
injected in both r ings and the orbits 
were g o o d , con f i rm ing that the a l ign
ment w o r k carried out dur ing the shut
d o w n was correct. 

Pushing for h igh currents dur ing 
the next f e w days, so as to let the 
experimenters loose again, revealed 
that someth ing was w r o n g in Ring I I . 
It was tracked d o w n to an obstacle 
in the vacuum chamber and on 5 March 
the relevant sector was opened. The 
Health Physics people, w h o were 
invo lved because of the high radiat ion 
levels, emerged w i t h a piece of wi re . 
By 9 March Ring 11 was pumped d o w n 
again and bo th r ings were ho ld ing 
about 20 A of protons. The ISR is 
back in good health — a record in ten
si ty of 38.9 A has been stored. 

SPS commissioning 
programme 
Whi le the instal lat ion of the CERN 
4 0 0 GeV proton synchrot ron ( the SPS) 
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The heavy liquid bubble chamber, Gargamelle, 
has been dismantled after its noble service 
at CERN PS energies where it chalked up 
neutral currents and charmed particle candidates. 
It is being moved to the West Area where it 
will receive higher energy neutrinos from the 
400 GeV proton synchrotron. The team 
responsible for the move are grouped on the 
chamber body and lean on the substantial 
coil of the magnet. 

components is be ing comple ted , pre
parations for commiss ion ing the large 
machine proceed apace. 

A start has been made at the PS on 
the operat ional use of the supercycle 
(one cycle at 10 GeV/c for sending 
protons to the SPS f o l l o w e d by one 
or t w o cycles at 2 6 / 2 4 GeV/c to f i l l 
the ISR and for the var ious exper iments 
around the PS r ing) . The con t inuous 
transfer equ ipment , w h i c h w i l l be used 
for e ject ing the PS beam to the SPS, 
is n o w complete and e ject ion tests for 
the SPS begin seriously on 15 March 
w i t h the ejected beam be ing sent into 
an absorber. 

A team of operators has already 
been fo rmed at the SPS, cont ro l l ing 
the machine access areas and fami l iar
is ing themselves w i t h the sophist icated 
mon i to r ing system. 

A s imulat ion exercise has been per
fo rmed in transfer l ine TT10 w h i c h 
w i l l take the 10 GeV/c protons f rom 
the PS to the SPS and it conf i rmed 
that all the equ ipment is correct ly 
connected to the cont ro l systems and 
operates properly in the absence of 
protons. The first protons w i l l pass 
d o w n TT10 as far as the entrance of 
the 4 0 0 GeV machine on 5 Apr i l . The 
f o l l o w i n g mon th w i l l be used to match 
the beam characterist ics to the require
ments of the SPS and on 3 M a y the 
first at tempt w i l l be made to inject. 

The init ial step w i l l be to gu ide the 
beam around its orbi t in the machine 
and then , ho ld ing the magnet ic f ie ld 
constant , to obta in a beam capable of 
mak ing at least ten turns. This w i l l be 
the first crucial test, for its results w i l l 
v i ta l ly depend on the un i fo rmi ty of 
the magnet ic f ields w h i c h have been 
achieved in the bend ing magnets and 
the accuracy w i t h w h i c h the quad ru -
poles have been a l igned over the 
entire 7 km c i rcumference of the SPS. 
W h e n this fence has been cleared, a 
start w i l l be made on the beam accele
rat ion tests and the successive adjust
ments w h i c h w i l l take the protons to 

the machine's design energy of 4 0 0 
GeV. The f inal step w i l l then be to 
adjust the extract ion system and the 
transfer l ine w h i c h w i l l take the p ro
tons to the targets for exper iments in 
the West Area. 

No hard and fast t ime table has 
been laid d o w n for this w o r k since 
there is no predict ing h o w long it w i l l 
take to clear the inevitable problems 
w h i c h the machine specialists w i l l 
conf ront in commiss ion ing such a 
large and intr icate accelerator. The 
physicists w i t h experiments in the 
West Area are preparing to receive 
the first SPS beams around the end 
of the year and no effort w i l l be spared 
to come up to their expectat ions. 

Gargamelle goes West 
As w e reported in the December issue 
(page 3 8 8 ) , the CERN heavy l iquid 
bubble chamber, Gargamel le, ceased 

CERN 101.2.76 

to be used at the 28 GeV proton 
synchrot ron at the end of last year. 
W i th in the next f e w months, it w i l l be 
moved in to the neutr ino beam in the 
West Area where it w i l l be fed by the 
SPS. 

Star t ing on 5 January, the d isman
t l ing of Gargamel le took about t w o 
months and , thanks to the w o r k by 
all concerned, w e n t off w i t h o u t a 
h i tch. A del icate stage w i l l be c o n 
f ronted in Apr i l invo lv ing mov ing , w i t h 
the aid of hydraul ic rams, the base of 
the magnet (some 175 tons of steel) 
and its re- instal lat ion in the West Area 
on a t runcated pyramid of concrete 
6.5 m h igh . Af ter some improvements, 
the chamber body w i l l be f i t ted in 
m id -summer f o l l owed by the re
instal lat ion of all the electr ical, l iqu id 
transfer (propane and f reon) , safety, 
cont ro l and other in terconnect ions. 
This w o r k w i l l be spread over several 
months. 

On the civi l engineer ing side, the 
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A portion of the superconducting beam line at the 
Argonne ZGS. Three of the four cryostats in 
the beam are visible, each containing three 
superconducting magnets. The beam line 
feeds the Effective Mass Spectrometer, which 
is just visible at the top of the picture, where 
experiments using 12 GeV/c polarized proton 
beams are being carried out. 

shell of the new Gargamel le hall has 
been comple ted . The bu i ld ing covers 
an area of 600 m 2 (20 x 3 0 m) and 
its height of 21 m is d ic ta ted by the 
raised posi t ion of the chamber, centred 
on the beam axis w h i c h is at an angle 
of elevat ion of the order of 2.5° 
(41 mrad) . T w o of the hall wa l ls are 
of reinforced concrete capable of 
w i ths tand ing pressures of 5 0 0 k g / m 2 , 
wh i l e the other t w o and the roof are 
of mach ined sheet steel w i t h a yield 
pressure of about 2 0 0 k g / m 2 . The c o n 
crete base, designed to suppor t the 
w e i g h t of the chamber ( 1000 tons ) , 
is close to the upstream wa l l and is 
extended to the side by a suppor t on 
w h i c h w i l l be f i t ted the expansion 
system tanks. A four storey annex has 
already been bui l t against the north 
wa l l of the hall to house the contro l 
room and services. 

The neutr ino beam w i l l then pass 
in succession th rough a series of large 
detectors, start ing w i t h the 3.7 m 
bubb le chamber (BEBC) , f o l l o w e d by 
electronic detectors and , f inal ly , the 
Gargamel le chamber. 

It was or ig inal ly in tended to d is
mant le Gargamel le last au tumn , but 
the date was pos tponed by a f e w 
months for the charmed particle 
search. As w e reported in January the 
init ial results of scanning showed up 
t w o l ikely candidates br ing ing the 
Gargamel le total to three. The exami 
nat ion of the rest of the batch of 
3 0 0 0 0 0 photographs taken dur ing 
th is exper iment shou ld be f in ished 
dur ing March . 

The list of possible charmed par
t icles seen in bubb le chambers has 
g r o w n to sixteen as f o l l ows : Early 
1975 there was one event in the 
Brookhaven 7 foo t chamber and one 
in Gargamelle. By the end of the year 
there were t w o more events in Gar
gamel le and four in the Fermilab 
15 foo t chamber. N o w there are four 
more events w i t h neutr inos plus four 
others w i t h ant ineutr inos in the 15 foot . 

Both BEBC and Gargamel le physicists 
are i tch ing to get back at it again. 

ARGONNE 
Superconducting 
beam line 
A beam line of superconduct ing m a g 
nets came into operat ion at the Zero 
Gradient Synchro t ron dur ing February. 

The beam, designed to transport 
12 GeV/c polarized protons to the 
Effective Mass Spectrometer, includes 
ten superconduct ing dipoles and t w o 
superconduct ing quadrupoles. The 
twe lve magnets are moun ted in four 
separate cryostats, instal led alongside 
the exist ing 6 GeV/c secondary beam 
line. Their successful operat ion is an 
impressive piece of w o r k in the f ie ld 
of superconduct iv i ty . 

The magnets were const ructed as 

96 



A closer look at one of the cryostats used in 
the superconducting beam line. Magnet 
power leads, instrumentation leads and 
cryogenic fluid lines enter the cryostat 
through the vertical structure on top. The 
beam line came smoothly into operation in 
February. 

(Photos Argonne) 

prototypes for the proposed Super
conducting Stretcher Ring (SSR) at 
the ZGS. The project did not receive 
funding, so the magnets were put to 
use in the new beam line. These SSR 
magnets have a useful aperture of 
7.6 cm and, at 12 GeV/c, the dipoles 
operate at 2.6 T over a length of 91 cm 
with a current of 160 A. The field 
integral of the magnets is constant to 
0.1 % or better over the full aperture, 
including end effects. The quadrupoles 
have a field gradient of 0.3 T/cm over 
a length of 41 cm at 190 A. Both the 
dipoles and the quadrupoles are 
operated at about 85 % of their maxi
mum currents. The training of each 
cryostat to currents comfortably above 
the operating point required six quen
ches or less; the field levels to which 
the magnets train are retained as long 
as the cryostat is kept below liquid 
nitrogen temperature. (The magnets 
are described more fully in the Pro
ceedings of the 1974 Oak Brook 
Superconductivity Conference.) 

Installation of the beam line began 
in September 1975 and was completed 
in early December. Parasitic tuning 
with diffractively scattered protons 
began immediately and proceded 
very smoothly, with high intensity 
beam reaching the EMS within a few 
hours. All planned beam tests were 
completed before the scheduled ZGS 
shutdown on 3 January. Operation 
with 12 GeV/c polarized protons be
gan smoothly on 1 February and the 
beam has operated without difficulty. 
Liquid helium consumption totals 
about 7 liters per hour for a total of 
12 m of cryostat. 

During October and December, the 
first of the four cryostats in the super
conducting beam, installed inside the 
extracted proton beam shielding, was 
used to study the intensity of 12 GeV/c 
proton beams required to quench the 
magnets. This study was carried out 
under a variety of beam and cryostat 
operation conditions. It was found 

that a single 50 ms beam pulse directed 
into the coil would quench the magnet 
if the beam intensity per unit area was 
greater than 2.7 x 10 9 proton/cm 2 and 
if the magnet was at its nominal 
operating current of 160 A. Repeated 
pulsing just under this critical intensity 
would not quench the magnet. This 
and other data suggest a thermal time 
constant of about 0.5 s. 

Measurements were also made of 
the intensity required to cause quench
ing as a function of magnet current; 
these measurements are still being 
analyzed. The unique information 
gained from these tests will be impor
tant for the design of superconducting 
magnets for future accelerators and 
storage rings. 

The beam came into operation in 
time for the first scheduled month of 
experiments using 12 GeV/c polarized 
protons from the ZGS since the 
achievement of this record energy for 
polarized proton beams (see October 

issue 1975). The protons are being 
used at the Effective Mass Spectro
meter (EMS) to study the polarization 
parameter in proton-proton and pro
ton-neutron elastic scattering. Earlier 
studies of these reactions, using 2 to 
6 GeV/c polarized beams on a deute
rium target, showed surprisingly rapid 
energy variation of the I = 0 t-channel 
exchanges and the present experiment 
will carry these studies to higher ener
gies. Future experiments at the EMS 
will use the 12 GeV/c polarized pro
tons to study the spin dependence of 
certain inelastic final states. 

Other ZGS experiments running 
during February and using the newly 
available 12 GeV/c polarized protons 
are — a 150 000 picture exposure of 
the 12 foot bubble chamber with 
hydrogen filling for a Case Western 
Reserve/Carnegie-Mellon collabora
t ion; studies of large transverse mo
mentum elastic scattering cross sec
tions in pure spin states using a 



Professor Bob Siege/, Director of the Space 
Radiation Effects Laboratory, SREL, swept away 
by the literary style in vogue because of the 
USA Bicentennial Celebrations, was moved 
to circulate a request for experiment proposals 
at the Laboratory's synchro-cyclotron as 
follows: 

Freshest Advices from Newport 
News on the Peninsula in Virginia 
Notification, which should be construed as a Piece of authentic 
Intelligence, has been received from the National Science Foundation 
that the Space Radiation Effects Laboratory (known to the general 
Publick as SREL) shall continue to operate at its current 
Level of Activity through 1976, and hopefully beyond. This Laboratory 
shall thus continue to serve the Community of Scientists and other 
Practitioners of the highly esteemed Art of fundamental 
Research as far as the unwearied Diligence of its Staff can enable. 

On April 30-May 1, the worthy SREL Program Advisory 
Committee (PA C) will gather from across the Continent and repair 
to Newport News, where they will meet in high Congress to deliberate on 
those Proposals which will have been submitted in good Time by 
present and prospective Users of SREL. Those from among the 
Constituency of Scientists who find the Study of Protons, Pions, and 
Muons at intermediate Energies to be a Vehicle of instructive 
Amusement should give Thought to submitting Proposals for the Use 
of cyclotron Time to 11970 Jefferson Avenue, Newport News, 
Virginia 23606. In these difficult Times the Uncertainties of the Mail 
make it advisable for the Prudent to submit their Proposals well in 
Advance of April 1. 

Let All be assured that the Distractions of the colonial Capital at 
Williamsburg shall not serve to cause the Members of the PAC to 
deviate from the Course of true Virtue during their forthcoming 
Labours. Yet they will be provided with such Sustenance of which 
the Chesapeake Bay is capable (that being unsurpassed for both Quality 
and Bounty) as well as with such Libations as will cause them to 
review Proposals of Merit with kindly Temperaments moderated by 
Wisdom and Experience. 

As to the Appartenances of Research which are allotted to the Users 
of SREL, we humbly offer an extensive Equipment Pool including 
Scopes, standard Logic, pulse height Analyzers and the Like to 
which many Scientists have become accustomed. An on-line data 
acquisition System with multi-programming Capabilities is also at the 
Service of those Users who are knowledgable in the Realm of Bytes 
and save Tay pes. The stopping Muon and Pion Beams are the especial 
Pride of the Management, and numerous Pieces of ancillary 
Apparatus are available. The Flexibility of the laboratory Accommoda
tions and the Responsiveness of the Staff are such as to compensate for 
most real or imagined Deficiencies. 

Thus SREL shall endeavour to deserve continued Instances of public 
Favour, and to be the Scene of numerous Discoveries which may be either 
curious or important, perchance both. 

We remain the Publick''s obliged, and devoted Servants. 
R.T. Siegel 

polarized proton target by a M i c h i g a n / 
A rgonne g roup ; and measurements of 
inclusive part icle p roduc t ion asym
metries by a R i ce /M inneso ta /A rgonne 
co l laborat ion. 

SREL 
Muons a gogo 
The Space Radiat ion Effects Labo
ratory, SREL, operates a synchro
cyc lo t ron w h i c h was model led on the 
CERN 6 0 0 MeV machine. It was bui l t 
dur ing the years 1963 to 1965 for 
use by N A S A to s imulate the radia
t ion env i ronment in space w h e n 
in format ion was needed for the space 
programme. Since 1967 it has been 
operated by the Col lege of Wi l l i am 
and Mary and since 1973 has received 
f inancia l suppor t f rom the Nat ional 
Science Foundat ion and the C o m m o n 
wea l th of Virg in ia. 

The machine operates w i t h an 
internal proton beam of 1.5 to 2 \iA 
and has an extract ion ef f ic iency around 
5 % . In 1972 it was modi f ied to take 
hel ium ions also, accelerat ing he l i um-4 
to 7 1 0 M e V w i t h an internal current 
of about 0.5 ptA and the same eject ion 
eff ic iency. 

There are extensive exper imental 
areas ( 3 7 0 0 m 2 ) where p ion beams 
are instal led w i t h momenta up to 
4 0 0 M e V / c . The major exper imental 
effort however is concentrated on the 
use of muon beams. A quadrupo le 
muon channel w i t h 28 cm aperture 
can provide a f lux of 100 M e V / c 
muons of 6 x 1 0 5 per s. 

Experiments inc lude the s tudy of 
muon ic atoms (Ch i cago /O t tawa c o l 
laborat ion) . They have measured the 
muon ic X-rays of the 5 g to 4 f t ransi 
t i on in lead and the 4 f to 3 d t ransi t ion 
in bar ium w i t h an accuracy better than 
1 0 e V . 

Posit ive muon precession in sol ids 
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(Wi l l iam Mary /Be l l Laboratories) has 
been used to s tudy the internal f ields 
in ferromagnet ics, type II super
conductors and spin glasses where 
d i lu te random al loys have their spin 
or ientat ions frozen in the matrix. The 
g roup is go ing on to s tudy defects in 
sol ids, negat ive m u o n precession in 
b io logical systems and crit ical f l uc tua 
t ions in ant i ferromagnet ics (main ly 
ch rom ium) . In add i t ion , muon pre
cession w i l l be used to look at m a g 
netic insulators, t ransi t ion metals and 
rare earths. 

M u o n studies in gases ( Y a l e / 
Heidelberg) have demonstrated the 
fo rmat ion of stable muon ic hel ium 
atoms, w i t h one electron and one 
muon in orbi t a round the he l ium 
nucleus, in hel ium gas at 14 a tmos
pheres w i t h a 2 % admix ture of xenon . 
This analogue of m u o n i u m was o b 
served via its characterist ic Larmor 
precession and it is of impor tance in 
test ing quan tum e lect rodynamic pre
dict ions. 

A measurement of the rate of asym
metry of radiative muon capture in 
ca lc ium is nearing comple t ion (Wi l l iam 
Mary ) . A n external converter is used 
to materialize the pho tons and their 
energy is then measured in a sod ium 
iodide crystal. This makes it possible 
to suppress the background due to 
neutrons f rom m u o n capture w h i c h 
has disturbed earlier measurements. 
Over 2 5 0 0 events were gathered 
dur ing a run end ing at the beg inn ing 
of March . 

RUTHERFORD 
Zooming in on 
bubble chamber events 
Better bubb le chamber picture pa tch -
up was the mot iva t ion beh ind ASPECT 

— a computer contro l led graphics 
device, developed at the Rutherford 
Laboratory, w h i c h is n o w being c o n 
sidered for appl icat ions in other f ields, 
inc lud ing magnet design and crystal lo
graphy. In contrast w i t h other equ ip 
ment of this type, the device uses its 
o w n purpose bui l t hardware func t ions 
to perform complex coordinate t rans
format ions in real t ime, thus g iv ing 
immediate response to operator signals 
and commands entered via tracker ball 
input devices. 

T w o th ings are mak ing life more 
d i f f icu l t in the measuring of bubb le 
chamber f i lm (at the Rutherford Labo
ratory, this is done on a Hough Powel l 
Device or H P D ) . One is the move to 
bigger chambers since each frame of 
f i lm f rom a big bubble chamber pro
duces more digi t is ings than a c o m 
parable frame f rom a smaller chamber. 
A lso , the pictures f rom big chambers 
give the v iewer a more di f f icu l t pattern 
recogni t ion problem to solve, main ly 
as a result of the increased densi ty of 
graphical data. As we l l as having more 
tracks per event, these chambers s h o w 
more events per unit area of f i lm and 
have more digi t is ings w h i c h result 
f rom imperfect ions. 

The second compl ica t ing feature is 
the use of new ' reduced gu idance ' 
techniques for d ig i t is ing events w i t h 
a m in imum of operator input . Added 
to the demands of the b ig bubb le 
chambers, this requires a larger number 
of points to be displayed ' f l icker f ree f 

in the rescue system w h i c h at tempts 
to measure events that have problems 
go ing th rough the HPD. 

The v iewer needs a system w h i c h 
presents the stored in format ion in 
graphical fo rm preserving, as far as 
possible, the accuracy and resolut ion 
of the or iginal d ig i t is ings so that there 
is as much genuine picture data as 
possible available to assist in the 
pa tch -up process. The ASPECT device 
meets these requirements. It can d is

play up to 50 0 0 0 points f l icker free 
and zoom in on any required por t ion 
of a display. This particular abi l i ty to 
scale and translate t w o d imensional 
p icture coordinates means that the 
one in a thousand resolut ion of the 
v ideo screen is no longer the l imi t ing 
factor for d isplayed resolut ion. 

The ' zoom ing ' t ransformat ion is 
done by a dig i ta l coordinate processor 
w h i c h can handle ful l accuracy d i g i 
t is ings f rom HPDs. In th is w a y 
ASPECT provides a versatile v i ew ing 
aperture w h i c h can be used to examine 
comple te bubb le chamber f i lm frames 
or the detai l conta ined in any area of 
f i lm , up to an effective magni f i ca t ion 
of 5 0 0 t imes. By using a magni f icat ion 
system w h i c h acts on the d ig i ta l ly -
stored f i le of x and y coordinates, 
ASPECT is able to uti l ize the fu l l 
potent ia l of the d ig i t is ing, and the 
addi t ional capabi l i ty for lateral t rans
lat ion means that the required magn i 
f ied area can be kept on screen all 
the t ime, enabl ing the operator to 
examine any required por t ion of a 
picture to a chosen level of detai l . 

Before commenc ing design wo rk , 
the Rutherford graphics special ists 
dec ided that addi t ional on- l ine g raph 
ics features cou ld be easily incor
porated and might be useful. This far-
s ighted approach seems to have paid 
off. As we l l as prov id ing scal ing and 
t ranslat ion in real t ime f rom stored 
d ig i ta l coordinates, the new equ ip 
ment can also carry ou t addi t iona l 
coord inate t ransformat ions to rotate 
pictures in t w o and three d imensions. 
This enables structures or topo log ies 
to be examined f rom all sides, and 
w i t h variable magni f icat ion. 

Both a l ight pen and a cursor can 
be used, so enabl ing a w i d e range of 
interact ive graphics operat ions to be 
carried out . The equ ipment incorpo
rates hardware w h i c h ensures that the 
cursor ' f o l l ows ' the l ight pen, so c o m 
b in ing the convenience of a hand held 
l ight pen w i t h the accuracy of a cursor 
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Photographs demonstrating the 3-D capabilities 
of the computer controlled graphics device, 
ASPECT, developed at the Rutherford 
Laboratory. ASPECT displays three-dimensional 
distributions such as those obtained in 
experiments looking at three-particle final 
states. The first picture shows a standard 
Dalitz plot type of distribution. This can be 
rotated, using the tracker balls, to investigate 
the relationships between variables in other 
areas of the kinematically allowed region. 

(Photos Rutherford) 

in a w a y not requir ing expensive sof t 
ware w h i c h can restrict the capabi l i t ies 
of the main computer system. 

Besides its in tended uses for bubb le 
chamber wo rk , ASPECT has been of 
assistance in mul t i -var iab le analysis — 
the 3 - D rotat ional and scal ing capa
bil i t ies make it possible to v isual ly 
explore three-d imensional space for 
mean ingfu l interrelat ionships and 
s t ructur ing be tween sets of data 
points. A t a recent crysta l lography 
Conference held at the Rutherford 
Laboratory, researchers s h o w e d a keen 
interest in the equ ipment , ind ica t ing 
that it had s igni f icant potent ia l for 
molecular structure w o r k as it enabled 
proposed structures to be examined 
m u c h more easily than w i t h conven 
t iona l means. 

For example, electron densi ty cou ld 
be displayed on the screen as a three-
d imensional contour envelope and a 
l ine model of a protein molecule super
imposed on it, region by region. 

ASPECT contro ls w o u l d a l l ow inter
act ive adjustment of the model pos i 
t ion and the rotat ion features w o u l d 
g ive the crystal lographer a fu l l v i e w 
of w h a t is happen ing. 

As we l l as d isplay ing 5 0 0 0 0 points 
in t w o d imensions, ASPECT can also 
display 9 6 0 0 points in three d i m e n 
sions or 4 0 0 0 one inch vectors. Based 
on a H P 131 OA display refreshed by an 
Interdata 7 / 1 6 min icomputer , the de
v ice is at tached to a GEC 4 0 8 0 c o m 
puter, itself connected in turn w i t h the 
main Rutherford Laboratory I B M 3 6 0 / 
195 machine. Pictures generated in 
the main computer can therefore be 
displayed on ASPECT. A s impl i f ied 
version for the rescuing of bubb le 
chamber events digi t ised in fu l l g u i d 
ance mode has been in operat ion for 
several months. 

It is p lanned to exhibi t ASPECT at 
the Interactive Computer Graphics 
( ICG) Exhibi t ion to be held in Geneva 
f rom 5-8 October 1976. 

FERMILAB 
Discussing colliding 
beams 

A t the end of January, a small meet ing 
was held at Fermilab to discuss the 
prospects for co l l id ing beam physics 
at the Laboratory. Several schemes 
were considered, inc lud ing some using 
the Energy Doubler /Saver where the 
possibi l i t ies have been promoted by 
R. Carr igan, A. Cl ine, B. Richter and 
C. Rubbia. 

The possibi l i ty of p roduc ing inter
act ions be tween beams c i rcu lat ing in 
the Doubler and beams c i rculat ing in 
the oppos i te d i rect ion in the main r ing 
was one impor tant top ic at the meet ing. 
Such a co l l id ing beam scheme w o u l d 
in f luence where the Doubler magnets 
are pos i t ioned in the main r ing tunne l 
— the further the t w o r ings are sepa
rated, the more d i f f icu l t it w o u l d be to 
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People 
and 
things 

br ing beams f rom one r ing to the other, 
make them intersect and then get 
t hem back in place in the 52 m of long 
straight sect ion. The possibi l i ty of 
instal l ing the Doubler magnets under 
the exist ing r ing, rather than having 
them hanging f rom the roof as ini t ial ly 
proposed, is be ing examined. The 
scheme cou ld a l low col l is ions between 
proton beams w i t h energies up to 
4 0 0 GeV (main r ing) against 1000 GeV 
(Doub le r ) , cor responding to V S va
lues of up to 1260 GeV. Estimates of 
the luminosi ty vary w ide l y w i t h the 
opt imists p i tch ing for 1 0 3 0 to 1 0 3 1 

per c m 2 per s. 
A second storage r ing proposal 

involves the const ruc t ing of a 'smal l ' 
25 GeV storage r ing to intersect the 
main r ing at the straight sect ion up 
stream of the one where the r.f. 
accelerat ing cavit ies are located. This 
proposal ( f rom R. Huson , P. L ivdahl , 
R. St ien ing, L. Teng , F. Turkot and 
J.K. Walker) w o u l d use convent iona l 
magnets and have a r ing w i t h the 
same radius as the present booster. 

Interact ions w o u l d occur as the 
main r ing was ramping , much as the 
present arrangement w i t h the jets at 
the internal target area. W i t h the main 
r ing or the Doubler operat ing at 
4 0 0 GeV, the system w o u l d give 
- \ /S = 200 GeV. The proponents 
est imate that an instantaneous l um ino 
sity of 1 0 3 1 per c m 2 per s cou ld be 
obta ined. This proposal has been sub 
mi t ted to the Program Adv isory C o m 
mittee as an exper iment to search for 
the intermediate boson , W, w h i c h is 
the part icle postulated as the carrier 
of the weak force. The popular weak 
interact ion theories set the W mass at 
80 GeV. 

The possibi l i ty of an t ip ro ton -p ro ton 
co l l id ing beams at Fermilab was also 
rev iewed at the meet ing. This has been 
promoted by P. Mac ln ty re and C. Rub-
bia. A n interest ing approach is to use 
a small accumulator r ing to col lect 
ant iprotons bu i ld ing up the ant ipro ton 

beam to an acceptable intensity. The 
basic idea was put fo rward by 
G.I. Budker of Novosibirsk many years 
ago. The init ial proposal was to have 
a race t rack-shaped f ie ld w i t h ends 
3 m in radius w h i c h w o u l d be used to 
accumulate 2 GeV ant iprotons pro
duced in a target bombarded by pro
tons f rom the main r ing. These an t i 
protons cou ld be damped using a 
several amp, 1 MeV electron beam. 
Since the January meet ing, ideas have 
s w u n g to using stochast ic coo l i ng , 
w h i c h was developed at CERN, and 
momen tum coo l ing . 

Designers estimate that perhaps 
4 x 1 0 7 ant iprotons cou ld be stored 
per cycle unti l about 1 0 1 0 were accu 
mulated. These ant iprotons w o u l d be 
injected back into the main r ing and 
accelerated s imul taneously w i t h ' r ight 
w a y ' protons. On a theoret ical basis, 
an t ip ro ton-p ro ton col l is ions lead to 
higher intermediate boson cross 
sect ions than p ro ton-p ro ton col l is ions 
do because of the ant iquarks in the 
ant ipro ton. The pro ton-an t ip ro ton 
ideas are n o w receiving very serious 
at tent ion at the Fermilab. 

Future possibi l i t ies w i t h proton c o l 
l id ing beams are also discussed at 
CERN w h i c h , w i t h the Intersect ing 
Storage Rings, might be considered 
their spir i tual home. There has been 
a study, led by K. Johnsen , of 4 0 0 GeV 
p ro ton-p ro ton storage r ings (LSR) 
w h i c h cou ld be fed by the 4 0 0 GeV 
proton synchrot ron. The use of an t i 
protons in the ISR has been invest igat
ed by K. Hubner, K. Johnsen and 
G. Kantardj ian. Recently D. M o h l , 
L. Thorndahl and P. St roh l in , together 
w i t h G.I. Budker, N. Dikansky and 
A . N . Skr insky f rom Novosibirsk, looked 
at the ISR preceded by an electron 
coo l ing r ing to increase ant ipro ton 
intensit ies. The use of ant iprotons in 
the SPS (again invo lv ing an accumu l 
ator r ing w i t h stochast ic and m o m e n 
t u m coo l ing of the ant ipro ton beam) 
is being promoted by C. Rubbia. 

ISABELLE money 

In February it was learned that 
$950 000 has been allocated as con-
struction planning and design 
funds to the proposed 200 GeV 
proton-proton storage rings, ISA-
BELLE, at Brookhaven. The money 
will be used for further preparatory 
studies to tighten the cost estimate 
on ISABELLE. Construction of a 
ha If-cell of the storage ring magnet 
lattice (two dipoles and a quadru-
pole) is under way and is scheduled 
for testing by October. The Proceed
ings of the 1975 ISABELLE Summer 
Study, in two volumes, are now 
available. 

Berkeley appoin tments 

A bit late in the day, w e record some 
appo in tments made by the Director 
of the Lawrence Berkeley Laboratory, 
A n d y Sessler. A n e w Divis ion has been 
set up to coord inate all LBL p ro 
grammes in nuclear science at the 
88 inch cyc lo t ron , the SuperH ILAC 
and the Bevatron (Bevalac) . It is 
k n o w n as the Nuclear Science Div is ion 
and is headed by Bernard G. Harvey. 
T w o Nobel prize winners , Luis Alvarez 
and Glenn Seaborg have been ap 
po in ted LBL associate directors at 
large. 

Seeing the l ight 

The s l o w ejected beam emerging 
f rom straight sect ion 62 at the CERN 
PS passes th rough a th in w i n d o w 
on leaving the r ing and traverses an 
air gap of 6 cm before enter ing the 
vacuum tube of the beam line 
th rough another th in w i n d o w . Tests 
have been carried ou t to see whe ther 
the var iat ion of the ejected beam 
intensi ty can be moni tored by 
measur ing the l ight signal w h i c h is 
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Solar panels installed at Fermilab. They are 
used in the heating system of the house on 
the right. 

(Photo Fermilab) 

produced in the air gap as the p ro
tons f ly t h rough (gas sc in t i l la t ion) . 
Adequate l ight signals are detected 
w i t h f requencies vary ing f rom d.c. 
to 1 kHz. A dif ferential l ight measur
ing techn ique can t r im off most of 
the noise w h i c h results f rom protons 
be ing lost in col l is ions in the w i n 
d o w s etc. so that the signal is a 
truer measure of the t ransmit ted 
beam. Fo l l ow ing the successful tests 
a moni tor has been incorporated as 
a PS beam detector. 

UK SRC Organ/sat/on 

High energy physics and nuclear 
physics in the UK are funded via the 
Science Research Council which was 
set up in 1965 and looks after basic 
research in astronomy, the biological 
sciences, chemistry, engineering, 
mathematics and physics. The SRC 
Chairman is Sir Sam Edwards and 
the Secretary is R.St.J. Walker. 
There is a Nuclear Physics Board 
chaired by W.E. Burcham which has 
five Committees — Nuclear Structure 
Committee (Chairman, G.R. Bishop), 
Particle Physics Committee (J.C. Pol-
kinghorne), Film Analysis Sub-
Committee (Don Perkins), Nuclear 
Physics Theory Sub-Committee 
(R.G. Moorhouse) and a Standing 
Committee on CERN (John Do well). 
Establishments of the Nuclear Physics 
Board are the Daresbury Laboratory 

(Director, A/ick Ashmore) and the 
Rutherford Laboratory (Director, 
Godfrey Stafford). At the SRC 
Headquarters in London there is an 
Engineering and Nuclear Physics 
Division. The Director is Tony 
Egginton and the Division Head 
(and Secretary of the Nuclear Physics 
Board) is Jack Beattie. 

Personnel changes at Fermilab 

Dr. James R. Sanford , w h o held the 
post of Associate Director for Pro
gram Planning, w i l l move to the 
Brookhaven Nat ional Laboratory as 
Associate Director and Head of the 
ISABELLE Design Study. J i m San
ford cont r ibu ted a great deal to the 
organizat ion of the exper imental 
program at the Fermilab and the 
Director, Bob Wi l son , recorded his 
appreciat ion of ' th is capable f r iend 
and col league w h o has accompl ished 
so much to make our Laboratory a 
success.' 

In l ine w i t h the po l icy of f requent 
changes in middle management and 
of invo lv ing scient i f ic staff in the 
adminis t rat ion there have also been 
some internal changes — Rich Orr 
w h o was appo in ted Assistant Direc
tor a year ago moves to the post of 
Head of the Business Off ice. Brad 
Cox has become Proton Department 
Head in succession to Roy Rub in 
stein. Quent in Kerns has been 

Comet West, discovered by R. West of ESO 
(European Southern Observatory) on 
photographic plates taken with the Schmidt 
telescope at La Silla Chile (see CERN COURIER 
November issue page 347), became visible to 
the naked eye at the beginning of March 
and could be seen in Geneva just before 
sunrise. It was the third brightest comet of this 
century and the brightest since 1927. This 
photograph was taken by C Paillard (CERN) 
and B. Pi/let (ESO) on 4 March from La 
Fauci/le (a few kilometers from CERN) with 
a camera on an equatorial mounting lent 
by the Geneva observatory (exposure time — 
7 mm). The photo shows the comet's head and a 
beautiful dust tail more than 15 degrees long. 

appo in ted Head of the Research 
Services Depar tment in the Research 
Div is ion. 

Solar energy system commissioned 

The Fermilab Solar Energy Club 
commissioned its first heating system 
at the end of January. It is installed 
to heat one of the houses on Sauk 
Circle which are used to accom
modate visitors to the Laboratory. 
The system has twenty-four 2.5 x 

8 foot panels made of black alumi
nium embedding small pipes through 
which water flows. On the top sur
face of the aluminium, tilted at 53° 
to the horizontal facing the sun, 
are 8 foot glass tubes placed tightly 
side by side; behind is fiberglass 
insulation. The water is pumped to 
the house for heating. Chairman of 
the Club is John O'Meara. One of 
the members, Hank Hinterberger, 
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Arthur Roberts, Fermilab, (left) and Val Telegdi, 
Chicago, stars of stage, screen and 
experimental hall. . . two of the physicists 
who enjoyed themselves in a cabaret at the 
February Meeting of the American Physical 
Society. 

Head of Technical Services, is also 
developing a system for industrial 
applications to which we shall return 
in a future issue. 

Several other USA Laboratories 
are busy in the solar energy field. 
For example, the Lawrence Berkeley 
Laboratory has several projects within 
its Energy and Environment pro
gramme. A few people at CERN, in 
the context of the ESO/CERN 
collaboration, have considered 
informally the possibility of solar 
energy for the Observatory on La 
Silla mountain in Chile. 

Reliable Booster 

In 1975 the 8 0 0 M e V Booster at the 
CERN proton synchro t ron operated 
for 4 4 9 0 hours as PS injector — three 
t imes the 1974 f igure. The unscheduled 
beam-of f t ime for the Booster itself 
was , on average, less than t w o per 
cent. The Booster team ascribe this 
l o w f igure to speci f ic technica l and 
operat ional measures as part of an 
appropr iately prudent management 
po l icy and . . . to plain luck. 

Physics is fun 

At the February Meeting of the Amer
ican Physical Society, some of our 
colleagues put on a cabaret called 
'The Physical Revue'. Master of Cere
monies was Marvin Go/dberger from 
Princeton whose wife Mildred was 
Producer. Stars included Val Telegdi 
from Chicago doing a travel agent 
sketch advising a young physicist on 
the choice of a European Summer 
School. (He dismissed Schools in 
Sweden because of the danger from 
women, in Italy because of the danger 
from food poisoning, in France be
cause of the danger of having to work 
at physics and recommended Switzer
land where the only danger was 
linguistics — the School was to be 

conducted in Romanschi). Arthur 
Roberts, from Fermilab, who has had 
a dual physicist/musician career with 
works played by several orchestras, 
also had a prominent role singing a 
medley of songs with sharply observed 
lyrics. Stage hands included past APS 
Presidents — /./. Rabi, Robert Serber, 
Philip Morse and Chieng-Shung Wu. 

T w o second flat top operated at 
Fermilab 

The Fermilab main r ing has been 
operat ing in February w i t h a t w o 
second f lat t op at 300 GeV. This n e w 
mode of accelerator operat ion has 
been brought into use w i t h v i r tual ly 
no d isrupt ion of the physics p ro
gramme. Counter experiments report 
that it has been h igh ly successful in 
decreasing accidental coun t ing rates. 
A further new mode of operat ion is 

p lanned w i t h a t w o second f ront porch 
at 200 GeV as we l l as the t w o second 
f lat t op at 3 0 0 GeV, g iv ing a net beam 
spi l l of four seconds. 

Conferences 

A Gordon Conference on Elementary 
Particle Interactions — Structure of 
Nucleons and Search for New Degrees 
of Freedom — will be held at Tilton, 
New Hampshire, USA from 16-20 
August 1976. The Chairman of the 
Conference will be Malcolm Derrick 
of Argonne. Further information from 
Dr. Cruickshank, Pastore Chemical 
Laboratory, University of Rhode Island, 
Kingston, Rhode Island 02881 USA. 

A Symposium on High Energy Physics 
with Polarized Beams and Targets will 
be held at Argonne National Labo
ratory on 23-27 August 1976. Em
phasis will be on new results on the 
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Oscilloscope traces, recorded on 4 March, 
which display the acceleration of protons in 
the KEK synchrotron to 8 GeV for the first time. 
The upper trace shows the rise of the magnetic 
field in the ring magnets during acceleration. 
The lower trace is from a beam intensity 
monitor. 

spin dependence of interactions at 
momenta above 1 GeV/c. Other topics 
are developments in the technology 
of polarized sources, beams and tar
gets, possibilities in storage rings and 
the use of spin dependence in the 
search for new particles. Further infor
mation from Prof. M.L. Marshak. 
School of Physics, University of 
Minnesota, Minneapolis, Minnesota 
55455. 

Polarized target specialists may be 
interested in a low temperature physics 
Conference — EPS Study Conference 
on Dilution Refrigeration — to be held 
25-28 September at the University of 
Lancaster. Further information from 

Miss C.J. Martin, Department of 
Physics, University of Lancaster, Lan
caster LAI 4YB, UK. 

KEK's off 

In the early hours of 4 March the 
proton synchrot ron at KEK (the 
Nat ional Laboratory for H igh Energy 
Physics in Japan) accelerated pro
tons to 8 GeV for the first t ime. 
The emerging beam intensi ty was 
measured as a f e w t imes 1 0 1 0 protons 
per pulse. Const ruct ion of the 
accelerator, the first proton synchro
t ron to be bui l t in Japan , began in 
1 9 7 1 . Our Japanese col leagues have 

displayed their t radi t ional technical 
prof ic iency in br ing ing the machine 
into act ion w i t h i n f ive years. W e wi l i 
have the commiss ion ing story in 
our next issue. 

N U C L E A R 
E N T E R P R I S E S 
LIMITED 
are looking for a 

Senior Sales 
Engineer 
for our new branch office in Geneva. Candidates 
should have extensive previous experience of 
nucleonic equipment. 

The successful applicant wi l l be responsible for 
providing sales and service support to C.E.R.N. and 
other research establishments in Switzerland. 

Nuclear Enterprises Limited is the largest Nucleonic 
Instrument manufactur ing company in Europe w i th 
the widest range of nucleonic equipment of any 
manufacturer in the wor ld and this is an opportuni ty 
to jo in an expanding company. 

Our Head Office is located in Edinburgh, Scot land, 
w i th another main plant at Beenham, England. 

Appl icat ions, w i th brief details of quali f icat ions and 
previous experience should be sent to : 

A.H. Knight , Group Personnel Manager, 
Nuclear Enterprises Limited, 
Bankhead Crossway South, 
Edinburgh EH11 4EY, Scot land. 

CERN ACADEMIC TRAINING PROGRAMME 

(1975-1976) 

This Programme is organized each year by the Academic 
Training Committee. Details may be obtained from the Training 
and Education Service, CERN, 1211 Geneva 23 (Tel. 022/ 
41 98 11, Ext. 2844). The programme for each term is published 
in the CERN COURIER. 

3 r d T e r m : 

May 11, 12, 13 

June 1, 2, 3 

June 8, 9, 10 

Some aspects of X-ray astronomy, 
by B. Rossi (M.l.T. & University of 
Palermo) 

Principles of operation of multiwire 
proportional and drift chambers, by 
F. Sauli 

Filtering techniques, by H. Nureldin 
(ETH - Zurich) 

June 15, 17, 22, 24, 29 Introduction to cluster analysis, by 
B. Schorr 

These lecture series are given at 11 h. 00. 
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You can wrap our 
Nb3Sn superconducting wire 

this tight. 

That's why we were asked to supply the wire for 
the first commercial pre-reacted multifilamentary 
NbaSn magnet built in the United States. For 
Wright-Paterson AFB. 

Our NbaSn and NbTi multifilamentary 
superconductors made a 9.5 Tesla mag
net. . .with a 35-mm bore and only a 100-
mm outside diameter. It operates on 113A 
at 4.2 K with 100% short sample current. 
And it replaces a 5 Tesla magnet without add
ing one millimeter to the outside diameter. 

We have a lot of our flexible, multifila
mentary NbaSn superconductors in stock. 

We can 
provide copper-
stabilized wires, cables 
and braids, all with 
high-packing densities. 
From 300 to 500,000 
filaments per strand. We 
can supply the material 
unreacted, or pre-reacted, ready 

to wrap and use. In round, square, or rectangular cross-
sections to wind bores as small as 25 mm. 

We also stock NbTi copper-stabilized or mixed-matrix (Cu + 
CuNi) superconductors for pulsed or DC magnets. We also make 
custom-designed shapes, composites and low-AC-loss NbsSn tapes. 

Call or write Dr. Erik Adam or Dr. Eric Gregory for help.. .or just for our flexible 
brochure. (201)464-2400. Airco, Inc., 100 Mountain Ave., Murray Hill, New Jersey 
07974, U.S.A. TWX 710-984-7985. 



Hewlett-Packard calculators for science and business. 
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The first family 
If you can justify a serious pocket calculator, 

make your choice from the first family. 
Many years experience in advanced elec

tronics and in computation-from sophisticated 
desk-top calculators to powerful time-share 
systems-enabled Hewlett-Packard to develop 
the world's first advanced pocket calculator. 

The pioneering HP-35 offered more than an 
impressive array of pre-programmed functions; it 
also introduced the RPN logic system which 
combined with a 4-register operational stack 
makes all the first family conspicuously easy to use 
and virtually eliminates the need to note down 
intermediate answers-as more than one million 
users already know! 

The Hewlett-Packard touch 
Whatever your field, you will find the 

calculator you need in the first family. One with 
the Hewlett-Packard touch. A special look and feel 
of quality. A mind-expanding ability that continually 
helps you to discover unsuspected capabilities in 
the instument and yourself. Stand-alone calculating 
power fully supported with software. 

Rechargeable batteries and 
re-charger/mains adaptor, comprehensive, 
example-packed manual and soft carrying case, 
are standard: so is a meaningful warranty. 

FIRST with engineering notation 
(scientific in multiples ofl0±5) HP-25. Plus 
practical programmability, 72 pre-programmed 
functions and a total of 13 memory registers. 

FIRST pocket calculator with computer
like memory power-HPA5.48 pre-programmed 
scientific functions: 14 memories-9 seperately 
addressable 

FIRST four dimension pocket 
calculator- HP-55.20 addressable memories: 
86 pre-programmed scientific and statistical 
functions: 49 steps of program memory, built-in 
timer. 

FIRST fully programmable pocket 
calculator- HP-65. Powerful memory: full range 
of pre-programmed keyboard functions: 
100 program steps: built-in card reader. 

FIRST Multi-purpose calculator for 
management-HP-22. Pre-programmed to solve 
general business, financial, statistical and 
mathematical problems. 

For full details of the first family calculators 
that interest you contact your nearest HP office: 

Austria: Hewlett-Packard Ges.m.b.H. 
Handelskai 52/53, P.O. Box 7, A-1205 Vienna 

Belgium: Hewlett-Packard Benelux S.A./N.V. 
Avenue du Col-Vert, 1 (Groenkraaglaan) B-1170 Brussels 

Denmark: Hewlett-Packard A/S , Datavej 52, DK-3460 Birkerod 
Finland: Hewlett-Packard Oy 

Nahkahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21 
France: Hewlett-Packard France 

Quartier de Courtaboeuf, Boite postale no 6, F-91401 Orsay 
Germany Federal Republic: Hewlett-Packard GmbH 

Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140, 
D-6000 Frankfurt 56 

Italy: Hewlett-Packard Italiana S.p.A. 
Via Amerigo Vespucci, 2,1-20124 Milan 

Netherlands: Hewlett-Packard Benelux N.V. 
Van Heuven Goedhartlaan 121, P.O. Box 667, NL-1134 Amstelveen 

Norway: Hewlett-Packard Norge A/S 
Nesveien 13, Box 149, N-1344 Haaslum 

Spain: Hewlett-Packard Espaiiola S.A., Jerez no 3, E-Madrid 16 
Sweden: Hewlett-Packard Sverige AB 

Enighetsvagen 1-3 Fack, S-161 20 Bromma 20 
Switzerland: Hewlett-Packard (Schweiz) AG 

Zurcherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Zurich 
United Kingdom: Hewlett-Packard Ltd. 

King Street Lane, GB-Winnersh, Wokingham, Berks, RG11 5AR 
European Headquarters: Hewlett-Packard S.A. 

7, rue du Bois-du-Lan, P.O. Box 349, CH-1217 Meyrin 1,Geneva, Switzerland 

FIRST financialcalculator-HP-80. 
For simple, automated solutions to well over 100 
complex business and financial problems 
without tables or formulae 

Built-in 200year calendar! 

FIRST of a new generation of pocket cal-
culators-HP-21.22 sophisticated scientific 
functions. 

Sales and service from 172 offices in 65 countries. 
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Acquisition et traitement de donnees 

Computer Logger 3366 

Mesure de tension 
Entrees et sorties digitales 
Mesure de temperatures 
Mesure d'extensiometrie 

Chez Schlumberger le client definit lui-meme 
son systeme «Data Logger» en fonction du 
rapport prix/performances souhaite. II a un 
large choix de systemes et d'options. L'evan-
tail propose va du simple commutateur de 
voies jusqu'au systeme pilote par ordinateur. 

II y en a peu qui ont autant 
d'experience et autant de choix -
Schlumberger a les deux! 

Pour renseignements, documentation, de
monstration, achat, location: Tel. 0 2 2 / 3 5 99 50 

Schlumberger Instrumentation SA 
15, rue du Jeu de I'Arc, 1207 Geneve 

Tannwaldstrasse 88, CH-4600 Olten, telephone 062/211961 

Produits pour la technique reacteurs 
Notre programme de vente comprend: 

• Appareils de laboratoire 
Creusets, capsules et electrodes en platine, or 
et argent 
Fours de laboratoire jusqu'a 1775°C 
Appareils de diffusion pour la fabrication 
d'hydrogene ultrapur 

• Terres rares 
Metaux, oxydes, sels, Ce, Dy, Er, Eu, Gd, Ho, 
La, Lu, Nd, Pr, Sc, Sm, Tm, Tb, Y, Yb 

• Semis en Platine, Palladium, Rhodium, 
Iridium, Tantale, Niobium, Tungstene, 
Molybdene 
en fiI, baguette, anneau, feuillard 
thermocouples, thermocouples cryogeniques 
ainsi que thermocouples a gaine metallique 

• MALLORY 1000 
Materiel de haute densite pour la protection 
antirayons 

• Produits pour usines chimiques 
Catalyseurs sur base de platine, palladium et 
argent 
Disques de rupture, supports et supports a vide 

• Produits chimiques 
Produits SPECPURE® et PURATRONIC® 
de tres haute purete pour le laboratoire et 
I'analyse 

JOHNSON MATT HEY & 
BRANDENBERGER AG 
Rigistr. 55, 8033 Zurich 6, Telephone (01) 2697 60 
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©valuation report 

subject 
origin 
distribution 
uti lisation 

description 
capacity 

character 
sets 

other 
features 

memory 
access time 
video output 
checkpoints 

additional 
information 

new video monitor driver - type vdd 2081 
sen electronique - geneva 
all camac users 
interactive control consoles (touch 
panel and display) 
double width module in camac standard 
24 lines of 48 or 80 characters 
ram memory 2048 x 8 bit max. 
alphanumeric - 64 ascii upper set 
graphic - 16 programmable characters 
incl vertical bar and horizontal dot 
blinking facility 
rereadable ram memory with insert/delete 
capability 
compatible ascii (7 bit) 
500ns. i.e. faster than the camac cycle, 
no status request required 
composite video signal ccir r 308 2 norm 
comprehensive character and graphic set 
word/byte transfer capability for easy 
direct memory transfers 
up to 4-monitor fan-out 
sales department 
sen electronique sa 
31 ave ernest plctet 
1211 geneve 13 
tel: 44 29 40 

23359 senel ch 

ps has a very Interesting price too 
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New low-cost 
PLASTIC 
SCINTILLATOR 
|m I * m *m Mm Where experiments require a large 

I | £ L number of plastic scintillator 
• • • • sheets, costs can be considerably 

reduced and yet a good overall 
performance maintained by the 
use of the new low-cost NE 114 
plastic scintillator. 

This new scintillator, specially 
developed by Nuclear Enterprises 
for certain high energy physics 
experiments, has a light output of 
70% relative to NE 110 (or three 
times greater than that of the 
Plexiglas-type scintillator), while 
retaining all the other excellent 
characteristics of NE 110, including 
an intrinsic light attenuation length 
of 3.5 to 4 metres, a wave-length 
of maximum emission of 434mm, 
and a decay time of the order 
of 4ns. 

The long term stability of NE 114 
under reasonable laboratory 
working conditions is guaranteed 
for a minimum of 5 years and it is 
supplied rough cut or machined 
with polished edges. Sheets up to 
4 metres long are now being 
produced in the Nuclear 
Enterprises Edinburgh Laboratories 
where production capacity for 
plastic scintillators has been tripled 
in the past year. 

Details of cost and delivery for NE 
114 and the world's most 
extensive range of scintillation 
detectors are available on request 

Illustrated below: Some of the new vats 
for the processing of NE 114 plastic 
scintillator at the Edinburgh Laboratories 
of Nuclear Enterprises. 

NUCLEAR 
ENTERPRISES 
LIMITED 
SIGHTHILL , E D I N B U R G H EH11 4EY, S C O T L A N D 
Telephone: 031 -443 4060 
Cables: Nuclear , Edinburgh Telex: 72333 
Associate Companies 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Miinchen 2, Germany. Tel: 53 -62 -23 . Telex: 529938. 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, 
California 94070 . Tel: 41 5 593 1455. Telex: 3 4 8 3 7 1 . 

0. 

' J 

•} V 
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Its working range, its precision, its 
attachments and accessories make the 
microdensitometer MDM 3 the image 
analysis system of highest perfection. 
• High resolut ion: Measuring apperture 

continuously variable from 4 mm to 1 urn. 
• Wide density range from 0.2 to 4.5 D. 
• X axis expansion from 1 ; 1 to 1 :1000. 
• Density l inearity: + 1 %. 
• Repeatability: 

Density: 0.5 % of full scale deflection, 
Position : 0.5 % of scan length. 

• Computer controlled image analysis 
systems available. 

• Raster scanning digital data systems available. 
• Double beam optical systems. 
• Large specimen table : specimens up to 

240 mm X 115 mm. 
• A projection system allows the operator to 

view the sample being scanned during the 
scanning process. 

You should send for our literature. 

TECHNICAL OPERATIONS LTD 
West Germany and Switzerland 
D-7417 Pfullingen, Romerstr. 90 
Phone (07121)7302 j 
Telex 0729651 
France 
83-85, av. Georges-Clemenceau 
F-92000 Nanterre 
Phone 2041457, Telex 91 241 

une nouvelle realisation 
SODILECile bloc modulaire 

alimentation trhsource 
Dans un volume 
de 7 0 X 1 2 0 X 1 2 5 mm (1 litre) 
Voie 1 : 5 V - 2 A 
Voie 2 : + 10,5 V a + 16,5 V - 0,15 A 
Voie 3 : - 10,5 V a - 16,5 V - 0,15 A 
Possibil i ty de symetriser et dissymetriser 
les voies 2 et 3 par potentiometre 
incorpore. 

Notice sur demande. 

Les 3 voies sont protegees contre 
courts-circuits, surcharges et surtensions. 
Regulation : < 2.10~ 4 

Ondulation residuelle : < 1 mV c/c 

Souplesse d 'uti l isation : Concue pour 
alimenter a la fois circuits logiques 
(DTL , T T L , M0S et CMOS), et analogiques 
(Amplis operationnels,...) 

ec 
7, avenue Louise 93360 NEUILLY-PLAISANCE 
Tel. : 927.38.07 TELEX : UPIEX 22 429 F 
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Eprouvee 
par millions 

d'exemplaires: 
serie 01 
Valorisation par 
les boutoHS-poossoir 
lumineux EAO -
une forinule connue au 
monde entier pour des 
solutions fonction-
nelles et esthetiques 
de tons vos besoms 
de eommande! 
Offrez-vous I'assu-
ranee d'avoir choisi 
«ce qui se fait de 
mieux»... appareils de 
commande et de 
signalisation EAO. 

Fonctions maintenue, momentanee ou 
mixte, elements a rupture brusque 
meeanique, low level ou electroniques 
pour toutes les exigences, voyants, 
touches champignon.., 

Lampes telephoniques T5,5, 
pouvoir de coupure jusqu'a 
5 A/250 V, collerettes pen 
saillantes 18x24,18x18 
et 0 18 mm, percage 16 mm, 
approbations interaationales 
(ASE, CSA, UL, DEMKO, OVE, 
Lloyds International)... 

Nous attentions avec ptaisir voire demande de documentation 

Electro-Appareils Olten SA 
appareils de commande et de signalisation transformateurs convertisseurs commandes 

Tannwaldstrasse 88, CH-4600 Olten, telephone 062/211961, telex 68402 

Connectors with CERAMIC insulating material 
resistant to radiation and to high temperatures 

CONTACT BLOCK 
48 PINS 

iLJ Ef C iS + D 1051 
19 PINS 

Connectors with ceramic insulating material are existing now in 
following versions: 

— coaxial 
— coaxial for high voltage 
— biaxial 
— multiple :2 ,3 ,4 , 5,10,19 and 48 pins 

REMOTE CONTROL PLUG TIGHT BUSHING RADIATION RESISTANT 

|©u W.WPISCHER 
INGENIEUR - MORGES 

CH-1143 Apples Telephone 021/77 37 11 
Telex: 24259 fisch - ch 
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Send forthe 
Goodfellow Metals 
catalogue and 
price list. It contains 
details of the large 
range of metal foils, 
wires, powders and 
tubes available for 
the research 
scientist. It should 
be your first point 
of reference for 
research metals. 

Goodfellow Metals Ltd. 
Cambridge Science Park, Milton Road, Cambridge CB4 4DJ. England. 
Tel:Cambridge(0223)69671. Telex:81683 

What 
thermometer would YOU 
replace your Germanium 

Resistor with? 

Carbon Glass Resistor! 
T h e C r y o g e n i c T h e r m o m e t e r o f t h e f u t u r e 

ava i l ab le t o d a y f r o m 

LRKE SHORE CRVOTROI1ICS 
C o m p a r e t h e s e f e a t u r e s t o y o u r p resen t 

t h e r m o m e t e r : 
• 0.3 K t o 300 K range 
• M o n o t o n i c R vs . T a n d dR /dT cu rves 
• R e p e a t a b i l i t y < 0 . 0 0 0 5 K at 4.2K 
• M a g n e t i c f i e l d i n d u c e d e r ro r at 4.2 K 

— 10 m K a t 20 kG 
— 40 m K a t 40 kG 
— 75 m K a t 62 kG 
— 0.14 K a t 100 kG 
— 0.23 K at 154 kG 

A v a i l a b l e w i t h 4.2 K r e s i s t a n c e va lues o f • 250 
• 1000 • 2000 • 5000 • 10,000 o h m s . 
C a r b o n g l a s s c a l i b r a t i o n s ava i l ab le f r o m 0.3 K 
t o 300 K. 

For more details on the CARBON GLASS RESISTOR and the 
solution to your particular cryogenic thermometry and 

instrumentation needs, write or call 

L A K E 5 H 0 R E 

(RVOTRonits, inc. 
9841 S a n d r o c k Rd. , E d e n , N.Y. 14057 (716) 992-3411 

Developers and manufacturers of the most complete line of 
CR YOGENIC THERMOMETRY and INSTR UMENTA TION 

in the world! 
Cryogenic Digital Thermometers 

• Temperature & Liquid Level Controllers • Accessories 
• Engineered Systems • Calibration Services 30 mK to 400 K. 

OVERSEAS REPRESENTATIVES 
Holland 
N e n i m i j b . v. 
Laan Copes Van C a t t e n b u r c h 76-78 L i n d e n s t r a s s e 45 

Germany, Switzerland, Austria 
G T W 

P.O. Box 1702 
' s -Gravenhage 2011 
T h e N e t h e r l a n d s 
070-469509 Te lex : 31706 

8 M u n i c h 90 
W e s t G e r m a n y 
0811 /646784 Te lex : 524 564 C R Y O D 

United Kingdom France, Portugal, Spain Israel 
C r y o g e n i c C a l i b r a t i o n s M E R I C J o h n Hess 
P i t c h c o t t , Nr. A y l e s b u r y 22 B o u l e v a r d Jean -Jau res 13 G i l ad i S t ree t 
B u c k i n g h a m s h i r e , E n g l a n d 91 A r p a j o n J e r u s a l e m , Israel 
029-664 259 ( W h i t c h u r c h 259) F r a n c e 

490-12-81 
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for solving monitoring and control problems, 
such as counting, programming and signalling: 

*The modular design of the system makes it possible 
to select from among several plug-in sub-units just the ones 
needed for / o u r special requirements and to mount them 
in a standardized case. 

*The patented cabling system 
provides quick and reliable inter
connections. 

*The degree of freedom from 
interference is exceptionally high, 

as a result of special attention to this factor at all development 
stages. 

*Servicing is simplified by rapid interchange of com
plete plug-in units, thus reducing lost production time to a 

i minimum. 
i *The KS system saves you 
| lengthy and expensive special 
| development work. Wr i t e for a 
I detailed description leaflet. 

SODECO-SAIA Ltd. Grand Pre 70 CH-1211 Geneva 16 (Switzerland) Tel. 022-335500 Telex 22333 
Representatives throughout the whole world by the sales network of the Landis & Gyr Group 
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Announcing 
IGC's CRYOSTRAND-Ti 

DO RELIABILITY AND DELIVERY OF Nb-Ti WIRE FOR YOUR 
SUPERCONDUCTING MAGNETS MAKE A DIFFERENCE? They 
do at Intermagnetics General Corporation (IGC), where high 
quality superconducting materials and record-breaking mag
nets are our business. That's why our commercially sold 
multifilamentary niobium-titanium CRYOSTRAND-Ti has these 
features: 

• Guaranteed 
Current 

Filament integrity assures 
high current: the photo 
displays 2,000 uniform Nb-
Ti filaments fully bonded 
to a stabilizing copper 
matrix (0.6 mm diameter 
CRYOSTRAND-Ti). 

TM 

Off-The-Shelf Availability 
C R Y O S T R A N D - T i A V A I L A B L E F R O M I G C I N V E N T O R Y 

C u : N b - T i R a t i o 
C u - N i : C u : N b - T i R a t i o 

1 . 3 : 1 1 . 6 5 : 1 2 . 0 : 1 2 . 4 5 : 1 
1 . 5 : 2 : 1 

N u m b e r o f F i l a m e n t s 3 4 8 1 , 5 3 1 4 3 8 2 4 0 1 5 6 

T y p i c a l m m 
D i a m e t e r s i n c h e s 
( u n i n s u l a t e d ) 

0 . 3 8 
0 . 0 1 5 

0 . 5 1 
0 . 0 2 0 

0 . 3 8 
0 . 0 1 5 

0 . 5 1 
0 . 0 2 0 

0 . 6 4 
0 . 0 2 5 

0 . 7 6 
0 . 0 3 0 

0 . 7 6 
0 . 0 3 0 

1 . 0 2 
0 . 0 4 0 

0 . 3 8 
0 . 0 1 5 

0 . 5 1 
0 . 0 2 0 

T y p i c a l S h o r t S a m p l e 
C r i t i c a l C u r r e n t * 

@ 5 0 kG 
@ 8 0 kG 

9 0 A 
4 5 A 

1 6 0 A 
8 0 A 

8 0 A 
4 0 A 

1 4 0 A 
7 0 A 

1 9 0 A 
9 5 A 

2 7 0 A 
1 3 5 A 

2 4 0 A 
1 2 0 A 

4 2 0 A 
2 1 0 A 

4 5 A 
2 0 A 

8 0 A 
3 5 A 

k G u a r a n t e e d v a l u e s 1 0 % l o w e r . 

IGC's CRYOSTRAND-Ti inventory (see Table) makes possible 
ten-day delivery on stocked wire sizes and 3-6 week delivery 
on inventory rod drawn to your specified dimension or shape 
(round or rectangular). 

Configurations of all 
types include compacted 
cables for large magnets 
or extremely small Nb-Ti 

filaments in a cupro-nickel/copper matrix for minimized 
charging or a.c. losses. Whether you require 1 kilometer or 
1000 km, contact the leader in conductor and magnet design 
for selection of the CRYOSTRAND-Ti that is right for your 
application. (Phone 518/456-5456; TWX No. 710/441-8238.) 

C O R P O R A T I O N 

New Karner Road Guilderland, New York 12084 
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GRENSON 
Economical Cern Compatible 
Camac Power Supply Unit 
Giving 2 0 0 W of stabilised power wi th a full 2 5 A at 
± 6 V and 5 A at =t 2 4 V t h e C - P U / 1 6 offers real value 
for money. 
Fully compatible wi th the CERN standard crate it 
meets the general requirements of 4 6 - 0 3 but wi th 
simpler protection, monitoring and alarm facilities at 
very much lower cost. 
Also available wi th CERN crate or alternative 
simplified crate. 

+ 6V at 25A^ 

- 6 V at 25A 
>Total Stabilised Power 200W 

+ 24V at 5A 
>Total Stabilised Power 200W 

- 2 4 V at 

200V DC at 0.03A 117V AC at 0.5A 

G R E N S O N E L E C T R O N I C S L I M I T E D 
High March Road, Long March Industrial Estate, Daventry, 
Northants NN11 4HQ, England. Telephone: 03272 5521 Telex; 311245 
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Add to your nuclear instrumentation 
w i t h t h e f 

p r o v i d e i m 

o n t h e 

PEN DOSIMETERS 
SEQ 5 '/.» 

i n g w h i c h 

f o r m a t i o n 

d d o s e 

Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm 2 , due to photons of 50 keV or above and electrons 
of any enegy. 
£\ mm g% Measures the absorbed dose in soft tissues 
^ • • 1 1 n at a depth of 300 mg/cm 2 , due to photons of 

DASAL 
Personal detector with an adjustable alarm level. Audible 
warning w i th three levels. 

10 keV or above and electrons of any energy. 

SEQ 7 7 mg/cm 2 (skin dose). 

A wall-mounted or portable instrument for monitoring 
the level of radioactivity. Visible or audible warning. 
Remote control for outdoor operation. 

Ie 
l a . 

Good internal insulation, daily leakage less than 0.5%. Manu
factured in accordance w i th French standards — DIN or 
British standards on request. CEA-LCA system. 

L A P H Y S K 3 T E C H N I E 
34, AV. ARISTIDE BRIAND - BP 11 - 94110 ARCUEIL- FRANCE TEL: 735.1610 + 

Reseaux ""V 
de resistances Cermet 
Vous vous heurtez aux questions 
suivantes: 
- Comment gagner de la place? 
- Comment gagner du poids? 
- Comment accroitre la fiabilite? 
La microelectronique peut 
aisement resoudrecesproblemes. 
Demandez notre documentation! 

B O U R N S (Schweiz) AG 
Telephon 0 4 2 2 3 2 2 4 2 

6301 Zug 
Telex 7 8 7 2 2 

Tannwaldstrasse 88,CH-4600 Olten, telephone 062/21 1961 
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Autonomy the MAC AM AC way offers: 

A Crate Control ler wi th an 8080 Micro
processor 

Modular memory extensions 

Automat ic power-fai l re-start 

incorporated Teletype port 

Buffered power ing 

Optional operator 's console 

Software support, inc luding: 

— test routines 

— higher language overlays 

— cross assembler for use with a PDP11 

— real-t ime operat ing system 

— and many more to come 

SIZE 
SUBMICR0N 
AEROSOLS 

...AUTOMATICALLY 
TSI's Model 3030 Electrical Aerosol Analyzer classifies and 
counts submicron particles from 0.0032 to 0.6 micron. 

• Uses electrical charg ing and mobi l i ty analysis. 
• Classifies in 10 size increments. 
• On- l ine operat ion. 
• Uses: air po l lu t ion studies, laboratory moni tor ing , 

industrial hygiene, characterizat ion of aerosol sprays. 

Free bulletin describes TSI's instruments which generate, 
sample, weigh & size aerosols. 

Br indi A G 
Postfach 2 3 0 
4 0 0 2 Basel 
Tel. 061 / 4 2 79 55 

P E A R S O N 

Very High Voltage 
PULSE 

TRANSFORMERS 
Pearson Electronics, Inc. specializes in the 
development, design, and manufacture of 
very-high and super-high-voltage, high-
power pulse transformers and related modu
lator components. Typical pulse transform
ers manufactured by Pearson Electronics, 
Inc. range in output voltage from 40 kV to 
600 kV. Other Pearson pulse-modulator 
components include precision current trans
formers, voltage dividers, and charging in
ductors. Inquiries regarding specific require
ments for these components are welcomed. 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo Alto, CA 94303, U.S.A. 

Telephone (415) 494-6444 
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Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
12 bis, boulevard Pebre tel. (91) 732850 
4 et 6, rue du Buisson - Saint-Louis-X e tel. (1) 2081557 

13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

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

tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
de I'OMS, de I'ONU et de I'UIT a Geneve. 

E U R O V A N 

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 

D e b i t m e t r e s 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

type 1100 livrables ex stock Zurich 

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

A r m a t u r e s Phonix 
vannes d'arret et de reglage 

H o f e r 
technique a haute pression 

Demandez la documentation aupres de 

Oerlikonerstrasse 88 
tel. 0 1 / 4 6 4 0 4 0 

vorm. WISMER AG 8057 Zurich 
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See more a n d better. 
Reduce costs. 

W i t h W i l d S le reomic roscopes . 
The trend to miniaturisation is continuing in your field of 
activity as well, and both inspection and quality control are 
of ever-increasing importance. But you can only see small 
things in three dimensions if you use a stereo microscope. 
Wild Heerbrugg have the right stereomicroscope combi
nation for you. In the world-famous manufacturing pro
gramme you will find the full range of possibilities which 
modern stereomicroscopy offers. Have a look. It's all out
lined in our leaflet M1 183. 

Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland 

Avez-vous des problemes 
d'entrainement? 

Cherchez-vous des motoreducteurs 
de haute precision, silencieux, avec 
une tongue duree de vie? 

Choisissez du programme 

les motoreducteurs a vis 
sans fin jusqu'a 1300 Nm 

#unkermoforen les plus petitS 
jusqu'a 1000 Ncm 

les variateurs 
mecaniques jusqu'a 
40 Nm 

Th. Zurrer+Cie. 
Birmensdorferstrasse 470, CH-8055 Zurich 
Telefon 01 35 25 55, Telex 54506 

IS THOMSON-CSF 

economies 

e n s t o c k : 

une gamme complete 
d ' a l i m e n t a t i o n s 

a votre service 

Saphymostel 
APPAREILLAGES ELECTRONIQUES 

ALIMENTATIONS STABILISEES 
29, avenue Carnot - 91302 MASSY 

Tel. 920.84.71 - T<§lex : TESAFI 204 780 F 
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Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

7« 

Actual size (mm) 
width by height 

184 x 267 

184 x 130 
88 x 267 

88 x 130 

Cost per insertion (Swiss Francs) 

1 
insertion 

1300 

700 

380 

insertions 

1200 

650 

350 

11 
insertions 

1100 

600 

320 

Supplement for 
one colour 
four colours 
Covers : 
Cover 3 (one colour) 
Cover 4 » » 
Publication date 
Closing date for 
positive films and copy 

950 SwF 
3800 SwF 

1450 SwF 
1780 SwF 
End of month of cover date 

1st of month of cover date 
The cost of making films and of trans
lation for advertisements are charged 
in addition 

Screen (offset) 60 or 54 Swiss (150 English) 
Advertisements cancelled after 1st 
of month of cover date will be invoiced 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 

All enquiries t o : 
Micheline FALCIOLA / CERN COURIER - CERN 
1211 - GENEVA 23 Switzerland 
Tel. (022) 41 9811 Ext. 4103 Telex 2 36 98 

E. LOTTI S.A 

PLUS DE 
5 0 0 0 PRODUITS 
EN STOCK 

REACTIFS M E R C K 

SCINTILLATEURS C I B A - G E I G Y 

PRODUITS 

• D E RECHERCHES V E N T R O N - A L F A 

• BIOLOGIQUES G I B C O 

• C H I M I Q U E S PURS 

Responsable: M. F. RIONDEL, ingenieur chimiste 

8, RUE BAYLON, 1227 C A R O U G E 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. C H . 

SILBER - LEITKLEBER 6120 
electr ical ly conduct ive epoxy system, bonds all ma
terials, cures at room temperature, h igh thermal 
conduct iv i ty , no f lux contaminat ion , l o w electrical 
resistance, excel lent sh ie ld ing, 0 .0004 o h m / c m , t en 
sile 200 k p / c m 2 , 220°C . 

EPOXY P R O D U K T E GmbH & Co 
V e r t r i e b s K G 6149 F i i r t h / O . 

T e l . : 0 6 2 5 3 / 4 5 4 6 FS: 4 6 8 4 5 8 

Tannwaldstrasse 88, CH-4600 Olten, telephone 062/2119 61 
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Q 
divi/ion materiel cryogenique 

ET7, av Cannot . 9 4 5 0 0 Champigny/M . F rance 
Tel: S 8 D . BO.BO _ Telex: AL CH A 2 3 0 B B 4 F 
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