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Lift-off for STELLA 
Lift-off from Cape Kennedy. On 1 May, a 
modified Thor-Delta rocket launched the new 
European communications sateliite OTS-2, 
which will be used in experiments on high­
speed data transmission between Laboratories. 

(Photo US International Communication 
Agency) 

After an i l l - fated f irst a t t emp t last 
September when the launch rocket 
had to be destroyed soon after blast­
off, the successful launching on 8 May 
f rom Cape Kennedy, Florida, of the 
European Space Agency 's new Orbital 
Test Satel l i te (OTS) marks the beg in ­
ning of an impor tant new data c o m ­
municat ions project. The project (first 
ment ioned in the September 1 9 7 7 is­
sue, page 292 ) involves European high 
energy physics Laborator ies. For the 
f irst t ime , it w i l l test the techn iques in ­
volved in mov ing data accurately over 
large distances at very high speeds. 
The experience wh ich it w i l l provide 
could have a s igni f icant impact on 
work ing methods for high energy 
physics and for other mass-producers 
of data in Europe. 

Called STELLA — Satel l i te Trans­
mission Experiment Linking LAbora-
tor ies — the new project is a co l ­
laborat ion be tween the European 
Space Agency (ESA), the European 
Economic Commun i t y (EEC), CERN, 
Rutherford Laboratory in the UK, DESY 
in Germany, Saclay in France and Pisa 
in Italy, together w i t h the Post and 
Telegraph (PTT) author i t ies in the 
respective countr ies. It is receiving 
f inancial support f rom ESA, the EEC 
and the national PTTs. 

The project has been p romoted and 
coordinated at CERN by Mervyn Hine. 
If it succeeds, it w i l l ensure tha t Europe 
is not left behind in th is techno logy 
wh ich has already been suppor ted by 
considerable investment in the USA. 
The part ic ipat ion of the nat ional PTTs 
in the project means tha t the benef i ts 
should be quickly realized in general 
commun ica t ion systems. 

The object ives of the exercise are 
manyfo ld . ESA can explore the po ten ­
tial of satel l i tes for mu l t ipo in t high 
speed data links. The EEC can gain 
valuable experience for the deve lop­
ment of European data t ransmiss ion 
projects. The par t ic ipat ing Labora­
tor ies can evaluate the use of such 
links to improve the operat ion and 

management of high energy physics 
exper iments. 

In the project itself, ESA is provid ing 
the commun ica t ions satel l i te and ex­
pert ise in the design of ground t rans­
mi t t ing and receiving stat ions at the 
part ic ipat ing Laboratories. The EEC is 
cont r ibut ing funds mainly for the 
ground stat ion and other equ ipment at 
CERN, wh i le the national author i t ies 
are provid ing equ ipment for their 
respect ive part ic ipat ing Laboratories. 

The increasing size and scope of 
high energy physics exper iments 
together w i t h the increase in m a n ­
power required for each exper iment 
and the g row ing sophist icat ion of ex­
per imenta l techniques, have added to 
the di f f icul t ies of p lanning and manag ­
ing the research. A t CERN, addi t ional 
compl icat ions arise because of the ex­
tent of internat ional co l laborat ion, 
where the accumulated data has to be 
shared out be tween physicists whose 
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Parity 

home inst i tutes are of ten hundreds of 
mi les apart in di f ferent countr ies. 

The bulk of the exper imental data at 
present has to be sent to sc ient is ts ' 
home Inst i tutes by mail or by courier 
for processing and analysis on their 
home computers (possibly after copy­
ing to a l low full sharing of data 
be tween part ic ipants). On the other 
hand, the necessary rapid analysis of 
smal l data samples to check the 
progress of the exper iment can, today, 
only be done at the accelerator 
Laboratory, whose computers are not 
necessari ly compat ib le w i t h those at 
the home Inst i tutes. 

The extra costs in using and 
p rog ramming computers at the central 
Laboratory as wel l as those at home 
Inst i tutes, together w i t h the delays 
resul t ing f rom this pr imi t ive f o rm of 
data ' communica t ions ' add to the 
overhead of exper iments in te rms of 
t ime , manpower and money. The hope 
is that they could be reduced s ign i ­
f icant ly using high speed c o m m u n i c a ­
t ions by satel l i te, once the necessary 
techniques and expertise have been 
developed and perfected. 

The aim is to be able to t ransmi t 
data f r om CERN to the distant c o m ­
puter centres at speeds comparab le to 
the processing speeds of the c o m ­
puters (about 10 Megabi ts per second) 
and at extremely low error rates. In th is 
w a y the power of the home computers 
is added to those at CERN and the 
home Inst i tutes have a degree of 
remote control over the running of an 
exper iment . Satel l i te commun ica t ions 
also offer the possibi l i ty of sending 
data to several receiving stat ions 
s imul taneously at no extra cost and of 
a l low ing interconnect ion be tween 
pairs of stat ions. 

However, th is is sti l l a relat ively un ­
explored f ield and one major object ive 
of the STELLA project is to evaluate 
the potent ia l of exist ing equ ipment us­
ing the 1 1 - 1 4 GHz f requency band. 

Once the necessary techniques have 
been per fected, the ful l impl icat ions of 

the scheme can be assessed. Many 
factors in the management of exper i ­
ments could be inf luenced, i nc lud ing : 
— the design and cost of data han­

dl ing systems for exper iments 
— the requirement for comput ing 

power and computer expertise at 
the accelerator Laboratory where 
the exper iments are carried out 

— the balance of manpower be tween 
the accelerator Laboratory and 
scient ists ' home Inst i tutes 

— the sharing of computer resources 
be tween Inst i tutes 

— the general eff iciency of large-
scale col laborat ion in a big exper i ­
ment . 

Af ter operat ional tests of the OTS 
satel l i te, 1 9 7 9 should see the instal la­
t ion of earth t ransmi t t ing and receiv­
ing stat ions at the part ic ipat ing 
Laborator ies and the f irst satel l i te links 
establ ished. Regular operat ion of the 
scheme w o u l d come later, in 1 9 8 0 -
1 9 8 1 . Only then could f inal conc lu ­
sions be d rawn as to the value and 
potent ia l of these far-s ighted new 
commun ica t ions schemes. 

A l though conf i rmat ion has yet to come 
f rom other Laborator ies work ing on 
the same prob lem, exper iments at 
Novosibirsk seem to have detected a 
t iny a tomic physics effect due to the 
neutral weak current interact ion 
be tween nuclei and orbital electrons. 
Its observed magn i tude agrees w i t h 
the standard theory. 

The effect measured at Novosibirsk 
is due to the par i ty-v io lat ing c o m ­
ponent of the neutral weak current, 
and, as we l l as being the f irst evidence 
of the neutral current outs ide of experi­
ments at accelerators, is also the f irst 
sign of pari ty v io la t ion in neutral cur­
rent interact ions. That this observed 
pari ty v io lat ion is as predicted by the 
theory is a great success for the 
standard 'We inberg-Sa lam' model of 
weak and e lect romagnet ic interac­
t ions, as wel l as being a t r ibute to the 
ingenui ty of the Novosibirsk experi­
menters in carrying out such del icate 
measurements . 

Parity v io lat ion — the non­
existence of a universal r ight- left s y m ­
metry — has been seen in charged 
current interact ions for some 2 5 years 
and the theory says that a similar r ight-
left asymmet ry should also show up in 
neutral current interact ions. In the 
absence of exper imental evidence for 
such pari ty v io la t ion, many theor ists 
t inkered w i t h the original model to 
produce a f r amework wh ich required a 
smal ler level of pari ty v io lat ion in 
neutral current interact ions. However, 
this can usually only be done at the ex­
pense of in t roduc ing extra parameters ; 
a theory w i t h a m i n i m u m of input in the 
fo rm of unknown parameters is a lways 
more at t ract ive. 

The Novosibirsk exper imenters 
looked at the rotat ion of the direct ion 
of polar izat ion of l ight passing through 
b ismuth vapour. Simi lar exper iments 
have been carr ied out at the Univer­
sit ies of Oxford and Wash ing ton (see 
May 1 9 7 7 issue, page 156) but, so far, 
have not detected comparable levels 
of pari ty v io lat ion. 
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violation and neutral currents 
* A t a press conference on June 10 , 

SLAC announced the observat ion of 
pari ty v io la t ing effects in neutral 
current interact ions wh ich agree w i t h 
the standard theory. More detai ls in 
the next issue. 

The idea of these exper iments is that 
in a heavy a tom like b i smuth , a tomic 
electrons can be close enough to the 
nucleus to be affected by the weak 
neutral current. Any par i ty-v io lat ing 
componen t in th is in teract ion w o u l d 
affect the polarizat ion of a beam of 
laser l ight passed th rough the b ismuth 
vapour. 

One big problem has been tha t dif­
f icu l t calculat ions are required to quan ­
t i fy the effect of nuclear mechan isms 
on the orbi tal electrons. The results of" 
these calculat ions, wh i ch include c o m ­
pl icated screening effects, have been 
constant ly on the move, mak ing it dif­
f icul t to draw def in i te conclusions. 
However, the detected rotat ion of the 
plane of polar izat ion in the Soviet ex­
per iment averages about 7 x 1 0 " 8 ra­
dians, wh i ch agrees w i t h the predic­
t ions of the Weinberg-Sa lam model to 
w i t h i n 2 5 per cent. This microscopic 
angle of rotat ion is roughly equivalent 
to the w i d t h of a needle seen f rom f ive 
miles away ! 

This agreement is good news for the 
Weinberg-Sa lam model but it is not 
the end of the story. Other Laborator ies 
are stil l looking at th is minute effect, 
some using a toms whose st ructure is 
much easier to handle than tha t of 
b ismuth . The prob lem is also being at­
tacked direct ly in e lect ron-nucleus co l ­
l ision exper iments at SLAC. Wh i le the 
a tomic physicists str ive to perfect both 
their exper imental techniques and 
their calculat ions, it m ight require th is 
addi t ional evidence f rom free part ic le 
interact ions at accelerators before the 
s i tuat ion can be resolved. The results 
f rom SLAC are therefore eagerly 
a w a i t e d . * 

Unti l th is problem of par i ty v io la t ion 
in neutral current interact ions is f inal ly 
resolved, the theory of w e a k inter­
act ions is stil l on uncertain g round, 
and progress is di f f icul t . 

From dream to reality, 
almost 

Addressing the Nobel sympos ium at 
Lerum, near Goteborg in Sweden in 
1 9 6 8 , Abdus Salam spoke of the 
' d r e a m ' of unify ing weak and electro­
magnet ic interact ions in a single 
theory. Apar t f rom the aesthet ic appeal 
of having one single theory instead of 
t w o separate ones, Salam pointed out 
t t ia t there are a number of clues wh i ch 
point towards such a uni f icat ion. Both 
weak and e lect romagnet ic interact ions 
affect leptons and hadrons ; both are 
' vec to r ' interact ions involv ing ex­
change of quant i t ies w i t h unit spin and 
negat ive par i t y ; both have their o w n 
universal coupl ing constant. 

Salam was certainly not , the f irst to 
dream of such a uni f icat ion. Quite 
apart f r om the a t tempts of Einstein and 
other general relativists to achieve a 
grand uni f icat ion of all f ields of force, 
Enrico Fermi had proposed a Synthesis 
of weak and e lect romagnet ic forces 
back in 1 9 3 4 . By 1 9 6 1 , theoret ic ians 
such as Sheldon Glashow were put t ing 
fo rward detai led models. These came 
to rely on 'spontaneous symmet ry 
b reak ing ' in wh i ch degrees of f reedom 
are ' f r o z e n ' out of a theory in much the 
same w a y as the fo rmat ion of ice 
crystals destroys the symmet ry 
propert ies of water . 

There were t w o big obstacles in the 
path of th is unif ied theory. The f i rst 
was the embarrassing prol i ferat ion 
of unwan ted massless 'Go lds tone 
bosons ' in such theories. The w a y 
around th is obstacle was provided by 
the so-cal led 'H iggs m e c h a n i s m ' in 
wh i ch gauge part icles acquire mass 
and can be ident i f ied w i t h the i n ­
te rmedia te bosons wh ich br ing about 
the weak interact ions. It was Weinberg 
and Salam w h o , work ing independent­
ly, showed how this idea could be ex­
plo i ted to produce a unif ied theory of 
weak and e lect romagnet ic interact ions 

wh ich w a s hopeful ly free of 
'unphys ica l ' part icles. 

The second big obstacle was the 
lack of a me thod to handle calcula­
t ions. The w a y around this obstacle 
was provided by G e r a r d ' t Hooft, w h o 
demonst ra ted how calculat ions could 
be handled in a consistent way. The 
deve lopment of these theoret ical 
techniques has been described at 
length in a previous article (see 
September 1 9 7 7 issue, page 271 ) . 

In the Weinberg-Sa lam fo rmu la t ion , 
the neutr ino and its appropriate lepton 
(electron or muon) are put together 
into a double t of ' l e f t - handed ' par t i ­
cles wh i ch appear to spin an t i ­
c lockwise w h e n v iewed f rom behind 
(the neutr ino only exists as such a left-
handed part icle), wh i le the r ight -
handed componen t of the lepton re­
mains as a separate singlet. In th is 
way , leptons and neutr inos can be l ink­
ed together in a f ramework wh i ch 
describes both their weak and 
e lect romagnet ic interact ions. 

One impor tan t consequence of th is 
synthesis is the neutral current of weak 
interact ions, wh i ch co-exists w i t h the 
more w e l l - k n o w n charged current 
responsible for beta decay and other 
convent ional weak interact ion effects. 
The discovery of this neutral current at 
Gargamel le in 1 9 7 3 provided impres­
sive evidence for the Weinberg-Sa lam 
theory and since then fur ther suppor t ­
ing evidence has accumulated stea­
dily. 

However, the recent results f rom 
Gargamel le on high energy e lec t ron-
neutr ino scat ter ing (see May issue, 
page 151) indicate that leptonic weak 
interact ions do not behave according 
to the basic set of Weinberg-Sa lam 
rules. To explain the results, new 
in termediate vector bosons and new 
currents, could be in t roduced. Another 
idea involves br inging in a new r ight-
handed lepton to jo in the r ight -handed 
componen t of the electron fo rm ing 
another doublet . Such a new r ight-
handed lepton wou ld have to be heavy, 
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Around the Laboratories 

otherwise it should have revealed itself 
by n o w in exper iments. 

The charged and neutral i n te rme­
diate vector bosons held to be respon­
sible for weak interact ions are among 
the exper imental f ru i ts expected f rom 
the next generat ion of col l id ing beam 
machines. However, even if these par­
t ic les are found , the unif ied gauge 
theory of weak and e lect romagnet ic 
interact ions wou ld stil l s tand on uncer­
ta in ground. The real proof w o u l d 
come f rom the discovery of the Higgs 
part ic le, or other similar mechan ism, 
wh i ch lies at the heart of the symmet ry 
breaking effects. 

The finding of the upsilon luckily coincided with 
the official visit at DESY of Bundesprasident 
Walter Scheel. From left to right: Herwig 
Schopper (Director of DESY), Walter Scheel, 
Dieter Biallas 2nd Mayor of the City of 
Hamburg, Gus Voss (member of the DESY 
Directorate leading the PETRA project) touring 
the Laboratory. 

(Photo DESY) 

DESY 
The upsilon at DORIS 
As w a s brief ly announced in the May 
issue, upsi lons have been seen at 
DORIS. DESY physicist Tom Walsh f o l ­
lowed the deve lopments and wro te the 
fo l l ow ing notes on how this impor tan t 
result was ach ieved : 

The DESY storage rings, DORIS, 
started life as a double ring mul t ibunch 
e lect ron-posi t ron machine. Electrons 
and posi t rons were segregated in dif­
ferent r ings (one stacked on top of the 
other) and col l ided at t w o points where 
the beams crossed at a small vert ical 
angle. In th is f o r m , DORIS contr ibuted 
great ly to the excit ing physics of the 
past four years. It discovered char-
mon ium states and the strange and 
charmed F + (2060) meson, and added 
decisive evidence for the existence of 
the new tau heavy lepton w i t h a 
precise determinat ion of its mass. But 

in th is mu l t ibunch mode, the max imum 
energy of DORIS w a s l imi ted. 

DORIS is n o w a single ring machine 
w i t h one bunch of electrons and one 
bunch of posi t rons circulat ing in the 
upper of the t w o vacuum chambers. In 
this re incarnat ion DORIS saw the up­
silon (9460 ) as a nar row resonance in 
e lec t ron-pos i t ron , annihi lat ion into 
hadrons. The upsi lon was seen by t w o 
groups - one (a newly fo rmed col labo­
rat ion of physicists f rom DESY / Dort­
mund / Heidelberg / Lund) using the 
detector bui l t by the original DASP co l ­
laboration and the other (the PLUTO col­
laboration) using the PLUTO detector. 

The t w o groups establ ished the 
mass of the upsi lon to be 9 4 6 0 ± 10 
MeV and its w i d t h for decay into 
e lect ron-posi t ron pairs to be 1.3+ 0.4 
keV wh i ch is about one four th of the 
w i d t h for J/psi decay to e lect ron-
posi t ron pairs. This favours the v iew of 
the upsi lon as a bound state of a new 
quark and ant iquark of charge 1/3. In 
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The rate for particle production at different 
centre-of-mass energies in the DORIS storage 
ring at DESY, as seen by the two detectors 
DASP and PLUTO. The enhancement at the 
upsilon mass is found exactly at the same 
position by both groups. The absolute height of 
the curves comes from the detector geometry 
and the event selection criteria. 

addi t ion, the PLUTO col laborat ion has 
convinc ing evidence at these energies 
that the hadronic f inal state in one 
pho ton , e lectron-posi t ron annih i lat ion 
off resonance consists predominant ly 
of t w o back- to-back jets. 

The decision to convert DORIS to 
single r ing operat ion was made about 
a year ago when upsi lon w a s found in 
proton-nuc leon col l is ions. The conver­
sion w a s not easy since at the 
max imum energy, DORIS' magnets 
are 1 0 % into saturat ion and non -
l inearit ies have to be taken into ac­
count. Even now, each f i l l ing (every 2 
to 3 hours) requires the magnets to be 
run th rough a ful l hysteresis loop (up to 
5 GeV, d o w n to 5 0 0 MeV and then up 
to in ject ion energy). The in ject ion ' w i n ­
d o w ' is smal l at high energy, requir ing 
careful ly coordinated efforts of the 
DORIS and the DESY synchrot ron 
groups. A small undetected dri f t of 
some component can sti l l cause an oc­
casional fai led in ject ion. 

Providence a l lowed the ch romat i -
city of the machine to be contro l led by 
the old sextupoles and another piece of 
good for tune w a s the avai labi l i ty of 
PETRA r.f. cavit ies (6 now, 8 after 
June). W i t h o u t these, operat ion at up ­
si lon energies wou ld not have been 
possible. A new feedback system w a s 
bui l t to damp coherent beam osci l la­
t ions and works we l l . Af ter learning 
how to improve control of the closed 
orbi t d is tor t ions, stable running cond i ­
t ions at 9.2 GeV centre of mass energy 
were at ta ined for exper imental shif ts 
on 10 Apr i l . This was the date 
promised months earlier by the 
machine group led by D. Degele. 

The scan for upsi lon began after a 
period of running at 9.2 GeV and was 
only brief ly interrupted by minor 
machine mishaps. On Apri l 2 2 - 2 3 
there w a s some evidence for a signal 
at 9.41 GeV but it was a false a larm. 
On the last week-end in Apr i l the DASP 
2 and PLUTO col laborat ions found up­

si lon (9460) . To date about 2 0 0 nb " 1 

in tegrated luminosi ty has been co l ­
lected on resonance and the same 
amount off resonance. This corre­
sponds to a sample of about 1 5 0 0 to 
2 0 0 0 upsi lon decays. For PLUTO in 
part icular, the upsi lon s ight ing is an 
achievement . As wel l as contending 
w i t h the new DORIS energies, PLUTO 
w a s scheduled to be moved in May to 
its new posi t ion in the PETRA e lect ron-
posi t ron col l id ing beam machine, 
wh i ch is n o w nearing comple t ion . The 
search for upsi lon at PLUTO was 
therefore a race against t ime. 

The t w o groups have submi t ted 
their f irst publ icat ions and cont inue to 
analyse data. PLUTO has n o w left 
DORIS for PETRA (soon to fo l l ow as 
the highest energy e lectron-posi t ron 
machine). The DASP 2 group con ­
t inues together w i t h a new group 
(DESY / Heidelberg / Mun ich / 
Erlangen) in the old PLUTO zone. 
Hopes are high that DORIS can be 
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Plan view of the new two stage injector (on the 
left) to be built at SIN together with part of the 
main experimental hall and accelerators. A 
Cockcroft-Walton pre-accelerator feeds a 0.8 
MeV beam line which crosses a sector magnet 
3 m above the mid-plane of a new 72 MeV 
injector ring cyclotron entering the centre of the 
machine vertically. The new injector will be 
installed in a separate building to be erected 
north of the present experimental hall. The 
extracted proton beam will partially use the 
present beam line for injection into the 590 
MeV Main Ring. 

coaxed over 5 GeV to reach upsi lon 
pr ime. The a t tempt begins in July. 

Much exci tement surrounds the ex­
per imenta l study of upsi lon decay. The 
new colour gauge theor ies of the 
st rong interact ions imply decays into 
three g luons (elementary vector gauge 
quanta). If these gluons evolve into jets 
as do quarks, a f ract ion of upsi lon 
decays should involve three jets. (Two 
of the three jets are somet imes ex­
pected to be close in angle, g iv ing an 
apparent t w o jet structure.) If three jets 
are seen and if angular d is t r ibut ions 
support the spin one ass ignment for 
the g luons, these wou ld be establ ished 
as e lementary const i tuents on the 
same level as the quarks. If the three 
jet search is inconclusive, it can be 
repeated at the next quark-ant iquark 
bound state conf ident ly expected at 
PETRA. 

SIN 
New injector cyclotron 
approved 
Construct ion of a new injector 
cyc lot ron for SIN received f inal ap­
proval by the Swiss Par l iament on 2 8 
February. This new machine, w h i c h 
has been under study since 1 9 7 2 , w i l l 
provide at least 1 m A of protons for i n ­
jec t ion into the main ring accelerator 
and is expected to be operat ional by 
1 9 8 2 . It w i l l be constructed by SIN. 

The present accelerator system c o n ­
sists of t w o isochronous cyclot rons. A 
smal l Phil ips accelerator is normal ly 
used for nine weeks in every eleven as 
injector for the main ring accelerator. 
For the other t w o weeks it provides a 
var iety of beams for low energy 
physics research in separate ex­
per imenta l areas and, dur ing th is t ime , 
about 8 5 % of the f inancial inves tment 
(namely the main ring cyc lot ron and all 
the high energy beams and exper imen­
tal equipment) cannot be used. 

Another considerat ion is that the 
present injector cannot provide ex­
t racted pro ton currents above 1 0 0 uA. 
The injector is designed as a mu l t i -
part icle machine and as such its 
mechanical system is very complex. 
Main tenance and repair wo rk in the 
fu ture wi l l become extremely di f f icul t 
because of the act ivat ion levels 
generated by the beam losses dur ing 
extract ion. 

Over the last f ew years the ring 
machine has proved very reliable. It 
has also been found that , given a suf­
f ic ient ly high qual i ty injected beam, ex­
t ract ion f rom the ring can be vir tual ly 
comple te (over 9 9 % ) . Therefore, w i t h 
increased r.f. power and f la t - top ac­
celerat ion, beam currents above 1 m A 
could be used w i thou t inducing an i n ­
tolerable level of radioact iv i ty. The 
theoret ical l imi t of the ring is bel ieved 
to be 2 to 4 mA. 

Star t ing f r om the 5 9 0 MeV ring re­
qu i rements , the fo l low ing design goals 

for a new 72 MeV injector were es­
tabl ished : average beam current about 
1 mA, energy spread be low 1 5 0 keV, 
pulse repet i t ion rate of 50.7 MHz, 
pulse w i d t h of about 2 0 ° (r.f.) and axial 
and radial beam qual i ty of 2rr m m 
mrad. 

The protons w i l l be accelerated in 
t w o stages. The f i rst is a d.c. ac­
celerator of the Cockcro f t -Wal ton type 
w i t h an energy of about 0.8 MeV. The 
ion source and the accelerat ing 
co lumn are key e lements in achieving 
high currents of good qual i ty. In order 
to study the general performance of 
these components , a deve lopment 
p rogramme has star ted w i t h special 
emphasis on space charge effects. The 
second stage is an isochronous 
cyc lot ron w i t h the unique property of a 
large rat io of extract ion energy to i n ­
ject ion energy. 

The new machine employs many 
ideas of the 5 9 0 MeV ring and is 
similar in size. It consists of four 
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magnets w i t h a magnet ic f ie ld of 1 T 
and an azimuthal w id th of 2 8 ° . The 
we igh t of each magnet is approx imate­
ly 1 8 0 t. The accelerat ing f requency is 
50.7 MHz (as for the big machine) and 
the harmonic number is 10. 

The 0.8 MeV d.c. beam of protons 
f rom the pre-accelerator is guided 
towards the centre of the ring 
cyc lot ron and injected on a quas i -
equi l ibr ium orbi t by a magnet ic cone in 
the gap of one sector magnet . 

T w o dif ferent r.f. systems w i t h a 
tota l of four resonators are used. 
The accelerat ion is achieved by t w o 
Delta-type half wave leng th cavit ies 
operat ing at peak vol tages of 1 0 0 to 
2 5 0 kV f rom inject ion to extract ion 
radius. Max imum energy gain per turn 
varies f rom 4 0 0 keV to 1 MeV. Flat-
topp ing is achieved w i t h t w o separate 
cavit ies operat ing at 1 52 MHz s i tuated 
9 0 ° apart f rom the main cavit ies, 
super imposing a th i rd harmonic osc i l ­
lat ion on the fundamenta l accelerat ing 
vol tage. A turn separat ion of 2 cm at 
extract ion radius a l lows an extract ion 
eff ic iency of .100%. 

No sizable modi f icat ion in the ex­
per imental hall w i l l be needed for cur­
rents up to 4 0 0 to 5 0 0 uA but above 
these intensit ies, the beam lines and 
associated equ ipment w i l l have to be 
extensively modi f ied. This is under 
study and is closely connected w i t h 
considerat ions about set t ing up a spal ­
lat ion neutron source at SIN. A d iscus­
sion meet ing on this subject w a s held 
on 14 Apri l and a great deal of 
enthusiasm for the idea was expressed 
by solid state physicists, chemis ts and 
biologists w h o w o u l d eventual ly use 
such a faci l i ty. 

Schematic diagram of the various stages in the 
acceleration of polarized electrons in the Bonn 
synchrotron. It is the first time such 
acceleration has been achieved in a 
synchrotron with electrons. 

BONN 
Acceleration of 
polarized electrons 

In the course of improvements to the 
2.5 GeV electron synchrotron at Bonn 
Universi ty, polarized electrons have 
been accelerated. It is the f irst t ime 
that th is has ever been achieved in 
an electron synchrotron. Previously, 
polarized electrons have been moved 
across resonances in the VEPP storage 
rings in Novosibirsk but not ac­
celerated in a synchrotron. 

The polarized electron source 
developed at Bonn, is a pulsed source 
w i t h high intensi ty and repet i t ion rate. 
It employs the Fano effect on alkali of 
rub id ium — by ionizing unpolar ized 
alkali a toms w i t h circularly polarized 
l ight of the appropriate wave leng th 
(UV-region) photoelectrons can be 
produced w i t h a high level of polar iza­

t ion . A quadrupled Nd-YAG laser 
( 1 0 6 4 to 2 6 6 nm) w i t h a repet i t ion 
rate of 5 0 Hz is used as an intense l ight 
source and a quar ter -wave plate con ­
verts the polar izat ion f rom linear to cir­
cular. This polarized l ight pulse in ­
teracts w i t h an array of rub id ium 
atomic beams to give 2 x 1 0 9 

electrons / pulse w i th in a pulse length 
of 2 0 ns and w i t h a polarizat ion of 
6 5 % . 

The extracted photoelect rons are 
polarized longi tudinal ly. Reversing the 
sense of the circular polarizat ion of the 
l ight also reverses the longi tudinal 
polar izat ion of the electrons. This is 
done regularly by rotat ing the quarter-
wave plate ( from pulse to pulse) in 
order to avoid systemat ic asym­
metr ies. 

Af ter accelerat ing the extracted 
electrons to 1 2 0 keV, the polar izat ion 
vector is rotated f rom longi tudinal to 
transverse by a W ien fi lter. A sw i t ch 
magnet makes it possible to direct the 
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electrons either to a Mo t t scat ter ing 
detector for polarizat ion measure­
ments or to the linac for fur ther ac­
celerat ion. The beam transport system 
be tween the swi tch and the linac can 
adjust the direct ion of the polar izat ion 
vector parallel to the guide f ie ld of the 
synchrot ron. 

During accelerat ion in the syn ­
chrot ron the electrons may be 
depolar ized by t w o dif ferent resonance 
effects. Depolarizat ion occurs if the 
Thomas f requency of the electrons is 
an integer mul t ip le of ei ther the 
cyc lot ron or betatron frequencies. In 
the f i rst case, the energies of the 
respective resonances are mul t ip les of 
0 .44 GeV independent of the machine 
opt ics. The second type of depolar iza­
t ion resonances depends in energy on 
the work ing point chosen. At Bonn one 
energy for such a depolar izat ion 
resonance is 1.5 GeV. For the f i rst test , 
the synchrot ron was run to 0 .85 GeV 
(above 0 .44 GeV, just be low 0 .88 GeV 
and we l l be low 1.5 GeV). The 
t roub lesome resonance energy cou ld 
be passed th rough quickly to l imi t the 
decrease of the polar izat ion. 

The polar izat ion of the ejected 
electron beam is measured by ex­
p lo i t ing the spin dependence of the 
elastic e lectron-electron scat ter ing 
(Mol ler scatter ing). This process shows 
a large asymmetry in the cross sec­
t ions for polarizat ions of the project i le 
electrons parallel and ant iparal lel to 
the polar izat ion of the target e lectrons. 
The ejected electrons f rom the syn­
chro t ron , wh i ch are transversely po la­
rized, become longi tudinal ly polarized 
by def lect ing them in the plane of their 
m o m e n t u m and polar izat ion vectors. 
The polarized electron target is a 
f ragmenta t ion foi l of a special al loy 
magnet ized by an external f ie ld. 

Due to a small target polar izat ion 
and to the fact that at this energy the 
beam polar izat ion vector is not rotated 
complete ly into the longi tudinal d i rec­
t ion , the expected asymmet ry of the 
count ing rates is only about 1.5%. 

Thus other sources of asymmetry have 
to be careful ly avo ided ; the direct ion of 
the beam polar izat ion is reversed f rom 
pulse to pulse, as ment ioned previous­
ly. 

The f i rst test showed a considerable 
polar izat ion for the ejected electron 
beam. The mean value for both direc­
t ions of target polarizat ion was (50 ± 
7 ) % . During the measurements, the 
source del ivered electrons w i t h an 
average polar izat ion of (61 ± 5 ) % . 
Thus the level of polarization after ac­
celerat ion in the synchrotron was stil l 
more than 8 0 % of the value before ac­
celerat ion. This proves that polarized 
electrons can be accelerated in a syn­
chrot ron wh i le mainta in ing a high 
degree of polar izat ion. 

It is hoped that fur ther studies, in ­
c luding those at higher energies, w i l l 
reveal ways of maximiz ing the 
polar izat ion of the accelerated 
electrons. 

CERN 
Cooling in three 
dimensions 

For the near fu ture, the most excit ing 
advance in the research faci l i t ies 
available at CERN is likely to be the 
pro ton-ant ip ro ton project wh i ch is 
now at the stage of decision as regards 
its def in i te parameters. The project w i l l 
make available col l id ing beams of 
protons and ant iprotons in the SPS 
and ISR. It requires the accumulat ion 
of intense beams of ant iprotons to 
achieve usable beam luminosi t ies and 
for th is the stochast ic cool ing techn i ­
que invented by S imon Van der Meer is 
to be used. 

In May there were further tests of 
this techn ique in the ICE (Initial Coo l ­
ing Experiment) storage ring f rom 
wh ich w e reported encouraging results 
in the Apri l issue, page 112 . There had 
been a wor ry , fo l low ing some theo ­
retical w o r k at Novosibirsk, that reduc­

ing the beam cross-sect ion by cool ing 
might give an increase in m o m e n t u m 
spread or vice versa. This wor ry was 
removed in May w h e n contract ion of a 
proton bunch w a s achieved in all 
three d imensions s imul taneously. The 
result ing beam l i fet ime was 2 0 hours 
(compared w i t h about half an hour 
w i t hou t cool ing) # w h i c h is consistent 
w i t h the ant ic ipated losses due to gas 
scat ter ing. 

Three stochast ic cool ing systems 
were operat ing — t w o of the type 
used in the earlier w o r k at the ISR and 
one using a new 'f i l ter me thod ' i n ­
vented by Lars Thorndahl w h o was 
also responsible for preparing the 
equ ipment and the tests for stochast ic 
cool ing. 

There were several impor tant 
results. W i t h a beam of 7 x 1 0 7 

protons (which is a higher intensi ty 
than is ant ic ipated per injected bunch 
of ant iprotons in the cool ing ring of the 
f inal project) a cool ing t ime of only 1 5 s 
was observed. In add i t ion, an increase 
in m o m e n t u m densi ty by a factor of 2 0 
was achieved. 

Perhaps most sat isfying of all is that 
the results are in excel lent agreement 
w i t h the theory of stochast ic cool ing as 
ref ined part icular ly by Frank Sacherer. 
This gives conf idence in the predicted 
per formance of the cool ing ring for the 
pro ton-ant ip ro ton project. 

Tests of e lectron cool ing in ICE are 
being prepared by Frank Krienen and 
his group. For th is equ ipment was 
moved into the hall where the ICE 
storage ring is instal led early in June 
and tests in the r ing itself start in the 
summer . 

Helium (and other) ions 
for nuclear research 
By changing its radiofrequency range, 
the CERN synchro-cyc lot ron (SC) can 
n o w provide 9 0 0 MeV he l ium-3 ions in 
addi t ion to the standard 6 0 0 MeV 
protons. This extends considerably the 
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Design work to adapt the 600 MeV synchro­
cyclotron (SC) at CERN for use with 900 MeV 
helium ions was helped by this fifth-scale 
model. To handle the helium ions, the r.f. range 
covered by the real machine is shifted from 30-
17 MHz (150-85 MHz with the model) used for 
protons to 20-14 MHz (100-70 MHz with the 
model). This is accomplished by using an 
additional length of transmission line, seen here 
between the rotating capacitor (left) and the 
dee electrode (right). With the SC model is 
Re in hold H oh bach of the SC r.f. group. 

(Photo CERN 236.5.78) 

physics potent ia l of both the SC and its 
ISOLDE on-l ine isotope separator. 

Despite being the oldest machine on 
the CERN site, the SC, wh i ch began 
operat ion in 1 9 5 7 , cont inues to be a 
major research tool for nuclear 
physicists and the avai labi l i ty of new 
ion beams wi l l ensure that it mainta ins 
th is posi t ion. 

The main mot iva t ion for the new 
helium~3 ion ('helion') beam has come 
f rom the ISOLDE col laborat ion, wh i ch 
relies on 'spal lat ion' react ions for the 
product ion of exotic unstable nuclei . In 
these react ions, the inc ident part ic le 
probes deeply into a target nucleus 
and releases many neutrons and 
protons, thus t ransforming the target 
into a highly unstable isotope. 

Only a smal l f ract ion of all react ions 
transfer enough energy for deep spal ­
lat ion, so these react ions are relat ively 
rare. In addi t ion, the residual nucleus 
wi l l normal ly be left in an exci ted state, 
so that subsequent ly it rapidly loses 

some of its interest ing excess of 
protons. 

The hope is that a heavier compos i te 
incident part icle like a hel ion w i l l , on 
average, increase the amoun t of 
energy deposi ted in each col l is ion and 
so boost the deep spal lat ion y ie ld. In 
addi t ion, the extra protons, wh i ch can 
be transferred f rom the incoming ions 
to the target nuclei w i l l enable new 
nuclear products to be manufactured. 
Part icularly interest ing are te l lur ium 
(atomic number 52) and tha l l ium 
(atomic number 81) wh i ch lie very near 
the 'magic numbers ' of proton stabi l i ty 
at 5 0 and 8 2 . 

The interact ion of hel ions w i t h 
nuclei is relatively unexplored and the 
ful l potent ia l of the new SC beam is as 
yet unknown . However, prel iminary 
tests, w h e n helions were accelerated 
to 3 3 5 MeV using t h e , old SC r.f. 
sys tem, showed that at these energies 
some of the propert ies of the hel ions 
were already comparable to those of 

protons. This bodes wel l for the new 
higher energy 9 0 0 MeV helion beam. 

Besides invest igat ing the general 
fo rm of the hel ion-nucleus in teract ion, 
init ial exper iments using the new 9 0 0 
MeV hel ion beam at the SC wi l l also 
study the product ion of pions and 
kaons in nucleus-nucleus interact ions. 
In these cohe ren t interact ions of 
nuclei , the thresholds for meson 
product ion are lower than w i t h free 
nucleons. 

A Cagliari / Strasbourg / Tor ino co l ­
laborat ion (unoff icial ly burdened by 
the name 'Castrato') wi l l invest igate 
pion product ion in nucleus-nucleus 
col l is ions in a pi lot exper iment wh i ch 
could open up a who le new f ie ld of 
nuclear study. 

To accelerate the hel ions in the SC, 
an addi t ional 1 2 0 cm of t ransmission 
line had to be inserted be tween the 
machine 's rotat ing capaci tor and the 
dee electrode. This shif ts the r.f. range 
f rom 3 0 - 1 7 MHz for wo rk w i t h protons 
to 2 0 - 1 4 MHz for helions w i t h their 
lower charge to mass ratio. 

The same machine condi t ions wh i ch 
produce a 3 uA 6 0 0 MeV proton beam 
provide 1 uA of 9 0 0 MeV hel ions. 
Apar t f r om the addi t ional t ransmiss ion 
l ine, the only other change required is 
the exchange of one gas bot t le for 
another in the ion source. The 
change-over f rom protons to hel ions 
takes less than a day. 

From this deve lopment w i t h hel ions, 
it is a logical step to stil l heavier ions. 
For ful ly s t r ipped ions, the provision of 
a sui table ion source in the exist ing SC 
conf igurat ion becomes a prob lem. 
Fortunately, w i t h the present type of 
source (a Penning Ion Gauge), a 
number of part ial ly str ipped ions can 
be produced. A t ten t ion at CERN is n o w 
turn ing to carbon a toms str ipped of 
four electrons ( 1 2 C 4 + ) . 

To handle these part icles, the r.f. 
system has to cover an even lower and 
smaller range (11 -8 MHz). It is p lanned 
to achieve th is again by increasing the 
effect ive length of the t ransmission 
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An interaction 'star'produced in emulsion by an 
incoming high energy photon seen by a 
collaboration working at the Omega 
spectrometer at CERN. The candidate charmed 
particle track, decaying into a trident of 
secondary particles is arrowed. It is only about 
20 microns long, indicating a very short-lived 
particle. 

l ine of the dee. Invest igat ions on an ex­
ist ing f i f th scale model of the SC r.f. 
system have shown that this can be 
achieved economical ly by placing 
another inner conductor inside the ex­
tens ion used for the w o r k w i t h he l ium 
ions. 

To supply a suff ic ient number of 
ions, the arc current in the ion source 
must be increased considerably and 
th is requires the deve lopment of a 
cooled source chimney. Reducing the 
vacuum level in the machine could also 
pay div idends, as the electron c o n ­
f igurat ion of the part ial ly st r ipped ions 
is af fected by col l is ions w i t h residual 
gas. 

Already in the f irst physics runs w i t h 
the new hel ium beam, dramat ic i n ­
creases were seen in the product ion 
yields of some exotic nuclear states, 
and physicists expect fur ther i n ­
terest ing results f rom th is new lease of 
life at the SC. 

A Charmed Life 
Candidate events f rom an exper iment 
at CERN looking for the decays of 
charmed part icles in nuclear emuls ions 
at the Omega spect rometer suggest 
tha t the l i fet ime of charmed part ic les 
could be smal ler than expected. Wh i le 
sti l l requir ing fur ther con f i rmat ion , th is 
t ies in w i t h recent results f rom ' b e a m 
d u m p ' exper iments at CERN. 

The emuls ion exper iment is being 
carried out by a Bologna / CERN / 
Florence / Genova / Paris / Santander / 
Valencia team work ing w i t h another 
col laborat ion using a high energy 
photon beam at the Omega spectro­
meter in the Wes t Area of the SPS. 
These photons come f rom the secon­
dary electron beam produced f rom the 
SPS protons and are ' t a g g e d ' to give 
the energies of the individual photons. 

A special ly-bui l t pneumat ic loading 
device places successive plates of 
emuls ion, 0.6 m m thick, in the path of 
the photon beam and part icles emerg ­
ing f rom interact ions in the emuls ion 
are detected by Omega. From this i n ­
fo rma t ion , the Omega event recon­
st ruct ion program indicates the inter­
act ion vert ices in the emuls ion. The 
regions of the emuls ion plates around 
the interact ion vert ices are then ex­
amined under a microscope to search 
for signs of charmed part icle produc­
t ion . 

In a run in May 1 9 7 7 , 6 8 0 emuls ion 
plates were exposed, and a tota l of 
some 4 5 0 events were obta ined in 
wh ich the photons produced hadrons 
wh ich correlated w i t h the tr iggers in 
Omega. This is the largest number of 
matched events ever col lected in a 
single emuls ion experiment. 

Est imates, apply ing convent ional 
beta-decay fo rmal ism to the decay of a 
charmed quark, give a l i fet ime for 
charmed part ic les of some 1 0 " 1 3 se­
conds. At SPS energies, this l i fet ime 
corresponds to a part icle t rack a f e w 

hundred microns long, wh ich should 
show up in an emuls ion. In the Omega 
exper iment , single tracks emanat ing 
f rom interact ion stars in the emuls ion 
are fo l l owed for a distance of up to 
3 m m to search for any characterist ic 
charm decay. 

In the 4 5 0 plates scanned so far, no 
candidates for chgrm decay have been 
found w i t h paths longer than 2 0 
microns, wh i le candidates have been 
found w i t h decay paths of the order of 
1 5 microns. If conf i rmed as charmed 
part ic les, these w o u l d indicate that the 
l i fet ime of charmed part icles is in the 
range of 1 0 " 1 4 to 1 0 " 1 5 s , about an 
order of magn i tude smaller than the 
theoret ical est imate. 

This brief l i fe t ime t ies in w i t h the 
results of neutr ino beam dump experi­
ments carried out at CERN in the last 
exper imental per iod of 1977 (see 
March issue, page 80) , wh i ch un ­
covered signs of short - l ived secondary 
part ic les decaying very quickly before 
they are absorbed in the beam d u m p 
mater ial itself. 

Wh i le these short- l ived part icles 
showed charm- l ike behaviour, produc­
t ion rates did not tal ly w i t h previous 
results on charm product ion in an early 
exper iment at Fermilab using 3 0 0 GeV 
proton interact ions in emuls ion. The 
fact that no charm decays were 
observed in th is Fermilab exper iment 
( involving a European col laborat ion) 
gave an upper l imi t for charm produc­
t ion wh i ch was subsequent ly used as a 
yardst ick. However searching for 
charm decays in the complex interac­
t ions of protons at 3 0 0 GeV, w i t h high 
mul t ip l ic i t ies of secondary part icles 
produced at smal l angles, is no easy 
business and short paths are di f f icul t to 
spot. 

The photon-emuls ion col laborat ion 
at CERN has n o w exposed a new batch 
of 4 5 0 0 plates. If results f rom this new 
run conf i rm the behaviour seen w i t h 
the init ial candidates, it w i l l give a new 
yardst ick to measure charm produc­
t ion . 
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FERMILAB 
Single prompt muons 

In recent years, exper iments s tudy ing 
direct lepton product ion by hadrons 
have had a major place in the Fermilab 
exper imental p rogramme. Earlier ex­
per iments found that p romp t leptons 
are produced copiously over a w ide 
range of k inemat i cs ; muons (or 
electrons) are produced w i t h about 
0 .01 % the rate of pions in high energy 
hadron-hadron col l is ions. 

The latest exper iments have been 
concerned w i t h the mechan isms for 
producing these leptons and they were 
rev iewed in the February issue 1 9 7 7 
under the t i t le 'D i leptomania ' , since at 
that t ime they consisted main ly of ex­
per iments s tudy ing product ion of 
electron and muon pairs. These exper i ­
ments led to the discovery of the up­
si lon (Columbia / Fermilab / Stony 
Brook group), the observat ion of a very 

largp muon-pa i r con t inuum at relat ive­
ly low invariant mass (Chicago / 
Pr inceton group), and substant ia l 
evidence that the bulk of the observed 
direct lepton signal is accounted for by 
product ion of electrons or muons in 
pairs. 

The sources y ie ld ing pairs of 
charged leptons are e lect romagnet ic 
decay and pair product ion. An impor ­
tan t quest ion remains — w h e n are 
direct leptons produced weak ly f rom 
the semi leptonic decays of short - l ived 
states such as charmed part ic les? 
These weak decays w o u l d have the 
character ist ic s ignature of only a single 
observed charged lepton emerg ing 
f rom the interact ion since the other 
lepton is a neutr ino. 

The product ion mechanism for such 
new heavy states is not we l l under­
s tood theoret ical ly and. predict ions 
vary wide ly . A lso, a variety of charm 
searches in hadronic col l is ions, using 
other methods than the direct 
measurement of single p rompt 

A single muon emerging from the interaction at 
Fermilab of a 400 GeV proton in the calorimeter 
of experiment E 379 and traversing the 3.5 
diameter muon spectrometer. Shown below 
the calorimeter are the measured parameters 
for this event and above the calorimeter are the 
readings from the 'thermometers'recording the 
longitudinal distribution of the hadronic energy. 

leptons, have indicated that the cross-
sect ion migh t be smal l . A new exper i ­
ment at Fermilab, E379 , has carr ied 
out a direct measurement of w h a t f rac­
t ion of direct muons are produced 
singly. The exper iment was done by a 
Caltech / Stanford group under the 
leadership of B. Barish and S. Wojc ick i . 

A 4 0 0 • G e V proton beam w a s 
brought to the Caltech / Fermilab 
neutr ino apparatus and the protons i n ­
teracted in a h igh ly- ins t rumented 
target -ca lor imeter fo l lowed by a 3.5 m 
d iameter muon spectrometer. This 
combina t ion provided a lmost c o m ­
plete sol id angle acceptance for the 
detect ion of muons. Data were taken in 
t w o di f ferent k inemat ic regions, using 
di f ferent conf igurat ions of the 
spect rometer — first, events were 
recorded w i t h a muon of transverse 
m o m e n t u m greater than about 8 
GeV/c and, second, events were 
recorded w i t h a muon of lower 
transverse m o m e n t u m but of s ign i f i ­
cant longi tudinal m o m e n t u m . The 
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The di-muon mass distribution measured in the 
Michigan / Northeastern / Seattle / Tufts 
experiments at Fermilab where the upsilon 
appears clearly. 

prompt muon signal was extracted by 
vary ing the target densi ty to de termine 
any cont r ibut ion f rom decays of long-
lived part icles (pions, kaons or 
hyperons). 

The f irst results have been an ­
nounced. The exper iment has pro­
duced convincing evidence for the 
product ion of p rompt single muons in 
hadronic col l isions. In the events hav­
ing no second muon , a compar ison of 
the average f inal-state energy (ob­
ta ined f rom the hadron ca lor imeter 
plus the muon spectrometer) w i t h the 
k n o w n incident beam energy gives the 
missing energy carried away by the un ­
seen neutr ino. 

The results are comp lementa ry to , 
and qual i tat ively agree w i t h , those of 
the CERN neutr ino beam d u m p exper i ­
ment (see March issue, p. 80) . Both 
indicate a substant ial cross-sect ion for 
charm product ion in hadronic co l l i ­
sions. It is interest ing to note that 
for transverse m o m e n t u m of about 
1 GeV/c the single muon rate is 
comparab le to the muon-pa i r rate. This 
region, where the largest signal has 
been observed, is precisely the region 
where M. Bourquin and J . -M . Gai l lard 
predicted a signi f icant charm signal 
several years ago. 

Upsilon production 
A unique magnet ized solid iron muon 
spect rometer at Fermilab has provided 
an independent observat ion of upsi lon 
product ion. The spectrometer , oper­
at ing in a high intensity proton beam 
in the Meson Laboratory, was con ­
st ructed and operated by a group f rom 
Mich igan / Northeastern / Seatt le 
(University of Washington) / Tuf ts. By 
n o w the exper iment has observed 
more than three thousand upsi lons. 

The spectrometer consists of a 
series of three solid iron magnets f o l ­
l ow ing a tungsten target. This provides 
a very large acceptance for muon pairs, 
cover ing essential ly the fo rward 
hemisphere in the cent re-o f -mass 

sys tem, wh i ch permi ts measurements 
of upsi lon product ion over a w ide 
k inemat ic range. Typical mass resolu­
t ion (one standard deviat ion) at the up­
si lon is 6 % . 

The spect rometer is able to handle 
high beam intensit ies — in excess of 
1 0 1 1 protons per beam pulse — and 
th rough the efforts of the Meson 
Depar tment , the M 2 beam has been 
special ly modi f ied to provide these i n ­
tensi t ies. Principally by providing more 
shie ld ing, M 2 can operate at beam 
rates that exceed earlier operat ing 
parameters by more than a hundred. 

First data for the exper iment was 
taken in Apr i l 1977 and results f rom 
that run already showed evidence for 
the upsi lon. Since then the beam rate 
and the upsi lon harvest increased 
dramat ical ly . Recent at tent ion has 
concent ra ted on the spect rum at 
higher mass and a search for signals in 
the mu l t i -muon (three or more) 
spect rum. 

Workshop 
on channelling 
Channel l ing of relat ivist ic part icles by 
single crystals is an interest ing con ­
junc t ion be tween high energy and 
sol id state physics. The interface be­
t w e e n these t w o f ields has long been 
recognized as impor tan t in detector 
sys tems but in channel l ing it is even 
more direct and symbiot ic . Exploration 
of the status and prognosis of part icle 
channel l ing at high energies was the 
subject of an Informal Workshop at 
Fermilab on 7-8 Apr i l , co-sponsored by 
the State Universi ty of New York at 
A lbany (SUNYA) and Fermilab. 

Descript ions of exper iments carried 
out at CERN by the Aarhus / 
Strasbourg / CERN col laborat ion and 
at Fermilab by the Dubna / Fermilab / 
Lehigh / SUNYA / UCLA col laborat ion 
compr ised the status, and cont r ibu­
t ions f rom Dubna, SLAC, Livermore, 
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Particle energy loss as measured in an oriented 
single crystal of germanium at 250 GeV. The 
positive particles lose much less energy in the 
crystal when they travel along a crystal axis. 

Yerevan, and M o s c o w suppl ied the 
prognosis. 

High energy channel l ing was 
descr ibed in the September 1 9 7 7 is­
sue, page 2 8 0 . Briefly, a charged par t i ­
cle mov ing through a crystal at a smal l 
angle to a row or plane of a toms, ex­
periences correlated def lect ions f rom 
each a tom that can add up to a gent le 
steer ing of its t ra jectory away f r om the 
row or plane (if the part ic le is posit ive) 
or towards the row or plane (if the par­
t icle is negative). If the transverse 
energy of the part icle exceeds the 
electrostat ic potent ia l of the crystal 
s t ructure, the part icle is not so gent ly 
steered away and the who le picture 
breaks d o w n . 

This leads to the idea of a crit ical 
transverse energy or (for a given par t i ­
cle energy) crit ical angle be tween the 
row or plane di rect ion and the part icle 
d i rect ion of mot ion . Accord ing to the 
electrostat ic model th is angle depends 
on the inverse square root of the par t i ­
cle momentum-ve loc i t y product . 

Experiments have demonst ra ted 
that the crit ical angle scales over the 
energy range f rom 10 keV up to recent 
2 5 0 GeV measurements at Fermilab. 
Such tests of scal ing are one reason for 
s tudy ing high energy channel l ing. 
A lso, the stabi l i ty of channel led par t i ­
cle trajector ies is of central impor­
tance. This is, f rom the channel l ing 
point of v iew, the main reason for do ­
ing such measurements at very high 
energies. 

Destruct ion of channel l ing t rajec­
tor ies, appropr iately cal led dechanne l -
l ing, comes about by mul t ip le scatter­
ing of part icles f r om electrons or f rom 
thermal ly displaced nuclei in the 
crystal . This scales in angle as the in ­
verse of the part icle m o m e n t u m -
veloci ty p roduc t ; hence, as the energy 
increases, channel l ing should become 
more stable. Dechannel l ing lengths (at 
wh i ch half of a channel led beam is lost) 
should increase f rom tens of microns 
at a f e w MeV part icle energy to tens of 
cent imetres at 2 5 0 GeV/c and the Fer­

mi lab measurements conf i rm this. The 
increased stabi l i ty at high energies 
may make it possible to see effects 
that w o u l d otherwise be masked by 
dechannel l ing and may also be impor­
tant for possible appl icat ions. 

The energy loss of channel led par t i ­
cles w a s reviewed in some detai l at the 
Workshop . Wel l -channel led posit ive 
part ic les lose energy in the crystal less 
rapidly than non-channel led part icles 
because they are conf ined to low den­
sity regions. These dif ferences are easy 
to measure if the crystal is itself a 
semiconductor detector. Appl icat ions 
for select ion (or ident i f icat ion) of par t i ­
cles, wh i ch are wel l -channel led and 
therefore have specif ic d i rect ions of 
mo t i on , are obvious. 

A t energies as high as 2 5 0 GeV/c, 
densi ty effects are expected to be i m ­
por tant in the energy loss process. 
These should effect non-channel led 
and channel led part icles di f ferent ly so 
quant i ta t ive analysis of the ratio of the 
energy loss of channel led and non -
channel led part icles may provide a 
sensit ive test of the theory. 

One of the most interest ing appl ica­
t ions of channel l ing (actually of its 
complementary effect involv ing par t i ­
cle emission f rom crystals cal led 'par ­
t ic le b lock ing ' ) , is the measurement of 
short nuclear decay t imes. Decays 
as short as one at to-second ( 1 0 ~ 1 8 s) 
have been measured. For relat ivist ic 
part ic les it should be possible, in pr in­
ciple, to go to even shorter t imes 
because of the Lorenz contract ion — 

perhaps as short as 1 0 " 2 0 s. A 
systemat ic survey of possibi l i t ies by 
the Aarhus group shows the eta 
l i fet ime to be a promis ing candidate for 
measurement by this technique. 

The newest , and perhaps the most 
exci t ing, possibi l i ty f rom high energy 
channel l ing involves synchrot ron 
radiat ion f rom channel led part icles. 
Channel led part icle trajector ies osc i l ­
late w i t h a short period and these 
curved trajector ies wi l l result in syn­
chrot ron radiat ion. The effect ive 
bending radius can be very smal l 
(about 2 cm for 100 GeV/c) and for 
planar channel led part icles the radia­
t ion should be t ight ly co l l imated along 
the part ic le d i rect ion, perhaps produc­
ing coherent interference be tween 
successive osci l lat ions. 

It w a s general ly concluded at the 
Workshop tha t the radiat ion intensi ty 
and f requency should scale as Y 3 / 2 -
There w a s lots of speculat ion as to 
h o w this phenomenon can be used. No 
measurements have yet been made of 
channel led part icle synchrotron radia­
t ion but exper iments are p lanned or 
under way . Saclay and Livermore w i l l 
soon start measurements on posi t ron 
and electron beams up to about 4 0 
M e V ; SLAC, Dubna and Serpukhov 
studies wi l l go to higher energies. 

There w a s discussion concerning 
the possibi l i t ies of bending or cool ing 
beams using channel l ing but experts 
very much d iscount these possibi l i t ies. 
There is n o w some evidence tha t the 
most probable angle of a d is t r ibut ion of 
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part ic les moves towards the crystal 
axis but that the net d is t r ibut ion 
preserves phase space. This looks pos­
sible f rom channel l ing theory and is 
not cool ing in the accepted sense. 

It isn't yet possible to say w i t h c o n ­
v ic t ion w h a t high energy channel l ing 
has to offer either for solid state or for 
high energy physics. The effect is, 
however , we l l establ ished up to the 
highest available part icle energies. 
Thus far, only d is locat ion-f ree ger­
man ium and si l icon have been iden­
t i f ied as being perfect enough to use 
for such studies, since the ext remely 
smal l cri t ical angles (about 4 0 micro 
radians at 2 5 0 GeV/c) require nearly 
perfect crystals. 

The exper imental chal lenges to con ­
t inue and extend these studies are for­
midable but the promise makes such 
efforts wo r thwh i l e . Perhaps one great 
benef i t is the stretching of minds that 
accompanies the marr iage of such d is­
parate discipl ines. 

TRIUMF 
1 2 0 MA to t he rma l 
Neutron Facility 
Last July w e reported the del ivery of a 
1 1 4 uA proton beam to a temporary 
beam stop at the TRIUMF cyc lo t ron in 
Canada. Between September and 
December the high intensi ty p ro ton 
line w a s rebui l t and extended and the 
permanent beam s top-cum-Therma l 
Neutron Facility (TNF) was comp le ted . 
The new line received its f i rst p ro ton 
beam (0.1 uA) on 10 January. 

The intensi ty was gradual ly raised 
over the next mon th wh i le the perfor­
mance of the TNF and the spil ls a long 
the beam line were careful ly mon i to r ­
ed, cu lminat ing in a run of we l l over an 
hour at 1 2 0 uA on 1 3 / 1 4 February. 
The longest high intensi ty run before 
the spr ing shu tdown took place on 7/8 
Apr i l w h e n a 75 uA beam was 
del ivered for sixteen hours. For the m o ­
ment , only a l imi ted number of 1 0 0 uA 

shifts are scheduled but their f re ­
quency wi l l be increased in pace w i t h 
improvements in remote handl ing 
capabi l i ty in the cyclotron and along 
the beam lines. 

The TNF is designed to produce 
thermal neutron f luxes of 1 0 1 2 to 1 0 1 3 

neutrons per sq. cm per s for i rradiat ion 
and neutron beam exper iments, the 
nearest Canadian reactor provid ing 
f luxes approaching th is being 1 9 0 0 
k i lometres away. The proton beam is 
s topped in a lead target conta ined in 
an evacuated stainless steel can, 
wh i ch is surrounded by a moderator of 
l ight and heavy water . The target is 
designed to dissipate a max imum 
beam power of 180 k W ( 4 0 0 uA a t 
4 5 0 MeV). A t beam intensit ies above 
2 5 uA of 5 0 0 MeV protons, an increas­
ing f ract ion of the tota l lead vo lume is 
mo l ten . The power is dissipated by 
convect ion in the mol ten lead, by c o n ­
duct ion th rough the can wal l to the 
moderator wa te r and then by heat ex­
change to a cool ing wate r supply. An 

The 180 kW beam stop and thermal neutron 
facility at the TRIUMF cyclotron. 500 MeV 
protons enter from the right and are stopped in 
a cylindrical lead target (centre), surrounded by 
a water/heavy water moderator and steel and 
concrete shielding. Thermal neutron channels 
at 60° and 120° radiate from points below the 
target. Immediately upstream are target 
mechanisms for producing isotopes and a 
muon beam. 

extensive array of inter locks, involv ing 
temperatures, f l o w rates, and vacuum 
readings, is part of the cyclotron safety 
system to in terrupt beam to the TNF 
should parameters depart f rom the 
nominal range. 

During the high current test 
temperatures in the lead, moderator 
wa te r and cool ing circuits behaved as 
had been predicted f rom heat transfer 
exper iments in 1 9 7 7 . On 10 March , 
the target w a s w i t h d r a w n for inspec­
t ion and there was no apparent 
damage and negl igible d istor t ion of the 
f ront wa l l , about w h i c h there had been 
some concern. Radiat ion levels in the 
TNF cave, outs ide the shield ing, and 
f rom the target and other components 
dur ing inspect ion, were all acceptable 
and w i th in predict ions. The commis ­
sioning tests provided the in format ion 
necessary to design the active gas ef­
f luent hold ing sys tem. The sys tem, 
wh i ch is more elaborate than init ial ly 
envisaged because of the large quan­
t i t ies of mercury isotopes that evolve 
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f rom the mol ten lead, w i l l be instal led 
dur ing the summer. 

Al terat ions to the high intensi ty 
proton line feeding the meson area 
were undertaken for many reasons. 
The f irst was to extend the line 2 0 m 
beyond the th ick pion product ion 
target (T2) to the T N F ; th is sect ion in ­
cludes col l imators and scrapers to in ­
tercept protons mul t ip ly -scat tered 
th rough too large an angle at T2 (up to 
2 5 % of the pr imary beam). The second 
reason was to install a new th in target 
(T1) for t w o new secondary lines — a 
high resolut ion line (M11) col lect ing 
fo rward pions at smal l angles and a 
low energy line (M13) col lect ing pions 
or muons emi t ted at a backward angle 
of 135 °. The th i rd reason w a s to install 
the f ront end of a new proton line 
(BLIB) for polarized pro ton and other 
low intensi ty proton exper imen ts ; th is 
l ine, along w i t h M 1 1 and M 1 3 wi l l be 
comple ted later this year. Finally, the 
oppor tun i ty w a s taken to radiat ion 
harden the high intensi ty proton line 
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and improve its remote handl ing 
capab i l i t y ; th is process is n o w c o m ­
plete downs t ream of T2 . 

For the cyclotron and the proton 
area the au tumn shu tdown was l imi t ­
ed to less than t w o months and the 
remain ing per iod, over lapping w i t h the 
meson area reconstruct ion, was 
dedicated to polarized beam operat ion. 
Highl ights of the shu tdown were r.f. 
rel iabi l i ty improvements w i t h more 
cool ing in the dee gap region, more 
diagnost ics, and upgrading of remote 
handl ing in the cyclotron tank. In the 
proton area, the beam stop on line 4 A 
and the 5 0 0 keV med ium resolut ion 
spect rometer (MRS) were comple ted 
for f ixed angle operat ion along the 1 0 0 
nA bean line (4B). 

During the seven week spring shut ­
d o w n w o r k has cont inued on new lines 
in the meson area and,prepara t ions 
have been made for extending M 9 w i t h 
an electrostat ic separator as a muon 
channel . The main emphasis, however , 
has been on the cyc lot ron and the 

proton area. In the cyclotron the i tems 
instal led included an improved a l ign­
ment system for the resonators, a port 
for 1 0 0 - 1 8 0 MeV beam extract ion, 
and a port and str ipping mechan ism for 
extract ing 6 5 - 1 0 0 MeV beams for 
isotope product ion. In the proton area 
the MRS spect rometer mov ing system 
w a s instal led, and the beam line 4B ex­
tended to a permanent beam stop ou t ­
side the bui ld ing. 

Beam lines at the TRIUMF cyclotron. Those 
drawn as full lines are already in existence and 
those drawn as dashed lines are under 
construction. 



A 'minimal spanning tree' of the reaction 
n + p - > T T + T T ° P in the prism plot. The xy-plane 
corresponds to a Dalitz plot the z-axis is the 
Van Hove longitudinal phase space angle. The 
structure shows (from top to bottom) proton 
diffraction dissociation, forward rho, A + + and 
backward rho production. 

t w o one-d imensional tests (Wa ld -
W o l f o w i t z t e s t and Smirnov test) can 
be elegant ly generalized to more 
d imensions. 

The impor tance of mu l t i - d imen­
sional analysis of inclusive data 
was demonst ra ted by L. Van Hove 
(CERN) in the f ramework of the 
analysis of quark and gluon structure 
of hadrons. In the closing lecture the 
stat ist ic ian J . Benzecri (Paris) con ­
gratu lated high energy physicists on 

their techniques for handl ing mu l t i ­
d imensional prob lems and encouraged 
cont inu ing w o r k on appl icat ions and 
on perfect ion of the techniques. 

The ring tunnel for the Berkeley/Stanford 
electron-positron storage ring, PEP, being built 
at SLAC is advancing steadily around its 
circumference. This shows a 'cut and fill' 
section in regions 5, 6 and 7. 

(Photo Dick Muffley) 

NIJMEGEN 
Analysis meeting 

As a sequel to similar meet ings held at 
CERN in 1 9 7 4 and 1 9 7 6 , a topical 
meet ing on Mul t id imens iona l Analysis 
of High Energy Data was held in 
Ni jmegen f rom 8 - 1 1 March. 

Af ter a review of the previous 
meet ing by T. Ludlam (Yale), the 
meet ing started w i t h presentat ions 
of recent results on the appl icat ion 
of 'non-paramet r ic mul t id imens iona l 
cluster search ing ' techniques. The use 
of in format ion on shape and d i rect ion 
in space was general ly found impor ­
tant for the separat ion of phys ica l ­
ly meaningfu l clusters. For these 
methods , crucial support f r om display 
techniques was demonst ra ted on short 
f i lms and o n . t h e Ni jmegen Vector -
General 3D display system. 

Another topic of central interest w a s 
the appl icat ion of analyt ical methods 
to mul t i -d imens ional data. Results 
were presented f rom Prism Plot, Chan­
nel Likel ihood and Mul t ichannel 
Analyses. In part icular, it was conv in ­
cingly shown that these techniques a l ­
low detect ion, isolat ion and study of 
low cross-sect ion channels and i n ­
ter ference effects usually h idden w h e n 
using convent ional techniques. 

Result ing models have to be tested 
in mul t i -d imens ional space as we l l . 
J . Fr iedman (SLAC) made use of the 
'm in ima l spanning t r e e ' to show h o w 

2 1 4 



Physics monitor 

Quarkonium 
mechanics 

quantum 

The discovery of the J/psi and upsi lon 
fami l ies of new part icles has had a 
revolut ionary effect upon part icle 
physics. The rich array of states 
observed w i t h the psions and expected 
w i t h the upsi lons has given rise to a 
new spectroscopy. This has en ­
couraged the hope tha t heavy quark-
ant iquark systems migh t serve as a 
'hydrogen a t o m ' of hadron physics. 

High energy physics is concerned 
w i t h the relativist ic doma in in wh i ch 
part icle creat ion and annih i la t ion are 
rout ine. However it has f requent ly 
been possible to f ind restr icted s i tua­
t ions in wh ich non-relat iv ist ic quan tum 
mechanics is useful. Some fami l iar i l ­
lustrat ions are the appl icat ion of the 
Weisskopf -Wigner fo rma l i sm to the 
mix ing of short and long- l ived kaons 
and the meson classi f icat ion scheme 
based on the non-relat iv ist ic harmonic 
osci l lator model for quark-ant iquark 
states. 

In scatter ing theory, non-relat iv ist ic 
examples have been an impor tan t 
source of inspirat ion for the relat ivist ic 
domain . Regge poles, on wh i ch the 
phenomenolog ica l descr ipt ion of high 
energy scat ter ing is based, were 
derived and understood in non -
relativist ic theory and appl ied to the 
relativist ic prob lem by conjecture. 
Simi lar ly, the Glauber mul t ip le scat ter­
ing approach emerged f rom non -
relativist ic theory and opt ics. W i t h the 
discovery of the psion and upsi lon 
fami l ies, theor ists are tu rn ing again to 
non-relat iv ist ic quan tum mechanics 
for inspirat ion and understanding. 

Candidate gauge theor ies of the 
st rong interact ions (see November 
1 9 7 7 issue, page 380 ) suggest that 
the force be tween quarks is weak at 
short distances but becomes very 
st rong at large distances. This 'ex­
plains' the paradox where quarks ap­
pear to behave as quasi- free part icles 

Heavy quark-antiquark bound states — 
experiment and theory: the left-hand side 
shows the observed spectra of psions and 
upsilons (the psions labelled / 3 S 1 and 23S, 
correspond to the J/psi and the psi prime). The 
right-hand side gives the predictions of a non-
relativistic quark-antiquark potential which 
behaves logarithmically. In this picture, the 
level spacing between the ground state (1S) 
and the first excited state (2S) is the same for 
psions and upsilons. 

wi th i n hadrons but cannot be l iberated 
f rom the hadrons. On the basis of these 
arguments it was conjectured that 
heavy quarks wou ld move non -
relat ivist ical ly w i th in hadrons. Thus 
bound states of a heavy quark and an t i -
quark should be a hadronic analogue of 
the pos i t ron ium system of a bound 
electron and posi t ron. 

This so-cal led quarkon ium system 
migh t then be interpreted according to 
the fami l iar rules of non-relat iv ist ic 

quan tum mechanics using a potent ia l 
to describe the inter-quark force. An 
expl ici t f o rm for th is potent ia l has not 
yet been derived f rom the general 
theory but fo rms for very short and 
very long distances can be suggested. 
A t very smal l distances the potent ia l is 
expected to take a fo rm like the 
Cou lomb force, corresponding to the 
exchange of a single massless g luon. 
A t very large distances a linear con f in ­
ing potent ia l seems to be appropr iate. 
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Looked at from the left, this diagram represents 
the decay of a vector meson, V°, into an 
electron and positron through an intermediate 
photon (wavy line). The meson could be a psion, 
an upsilon, or any other heavy vector (spin one, 
negative parity) particle. Looked at from right to 
left, the diagram shows the production of the 
vector meson in an electron-positron collision, 
via an intermediate photon. 

The f irst oppor tun i ty to test the ap­
pl icabi l i ty of a tomic physics ideas to 
hadrons came w i t h the discovery in 
1 9 7 4 of the J/psi and psi pr ime w h i c h 
are long- l ived by st rong interact ion 
standards. These part icles could readi ­
ly be interpreted as the f irst t w o levels 
of a charm quark-ant iquark sys tem. A 
natural star t ing point is to regard the 
potent ia l as a combina t ion of the 
Cou lomb and linear fo rms, and then to 
vary potent ia l s t rengths and the 
charmed quark mass to reproduce the 
exper imental results. 

The masses of the psions are e igen­
values of the Schrodinger equat ion. 
Ano ther observable, the square of the 
charmon ium wave func t ion at the 
or ig in , is measured by the leptonic 
decay w id ths of the spin one levels 
where the quark and ant iquark have 
their spins point ing in the same direc­
t ion . In the quarkon ium picture, the 
decay of a^vector (spin one, negat ive 
parity) meson into a lepton pair is 
descr ibed by the annihi lat ion of the 
quarks into a vir tual pho ton , wh i ch 
subsequent ly decays into the lepton 
pair. The rate of the process is 
governed by the probabi l i ty for the 
quarks to coincide, i.e. the square of 
the charmon ium wave funct ion at zero 
separat ion. 

Having adjusted the potent ia l to f i t 
the J/psi and psi pr ime posi t ions and 
leptonic w id ths , it can predict the pos i ­
t ions of other levels and rates for 
radiat ive t ransi t ions among levels, 
a long w i t h other quant i t ies. Many of 

the predicted levels have been found 
w i t h masses remarkably close to the 
theoret ical expectat ions. For those ac­
cus tomed to a purely descr ipt ive 
hadron spectroscopy, this agreement 
suppor ted the non-relat iv ist ic potent ia l 
model approach. Inevitably, compl ica ­
t ions appeared in the fo rm of 
relativist ic correct ions, tensor forces, 
and coupled-channel effects. 

New oppor tun i t ies arose w i t h the 
discovery of the upsi lon fami ly. If these 
part icles are a heavier quarkon ium 
fami ly , the non-relat iv ist ic approx ima­
t ion should be more reliable than for 
the psions, because the new quark is 
t w o or three t imes more massive than 
the charmed quark. The compar ison of 
the psion and upsi lon fami l ies should 
provide an incisive probe of the po ten ­
t ia l . 

An e lementary way to make this 
compar ison is to exploit the var iat ion in 
behaviour due to di f ferent s imple 
potent ia ls. So far, the only data to 
wh i ch these considerat ions can n o w 
be appl ied is the apparent equal i ty of 
the three lowest level spacings for the 
psion and upsi lon fami l ies. This d is­
agrees w i t h the predict ion of the mos t 
popular charmon ium potent ia l , but is 
reproduced instead by a logar i thmic 
potent ia l , wh i ch has been adopted as a 
s imple fo rm useful for making predic­
t ions. 

W h a t lies ahead ? Theorists are bus i ­
ly ref ining potent ia l models and 
calculat ing the potent ia l f rom the 

presumed under ly ing f ield theory of 
the st rong interact ions. Many useful 
theorems can be proved and the use of 
special techniques to reconstruct the 
potent ia l f r om the data is an appeal ing 
dream. Experiment, of course, wi l l be 
the f inal arbiter of the value of the non -
relativist ic approach. W i t h w o r k con ­
t inu ing on the j jps i lon at Fermilab, 
DESY and the ISR, and w i t h the advent 
of higher energy e lectron-posi t ron co l ­
l iding beams at PETRA, SLAC and 
CESR, the best is yet to come. 

This article is based on material sup­
plied by Chris Quigg. 

Imps at large 
The puzzle behind the success of the 
quark model is the cont inued non ­
appearance of any free quarks. The 
classic w a y out of th is d i lemma is to 
buy the idea of quark conf inement and 
to believe that the quarks are there but 
s o m e h o w permanent ly t rapped inside 
hadrons. Another w a y out of the quark 
d i lemma has been suggested by Barry 
McCoy and T.T. W u , w h o say that i n ­
stead of being single part icles of 
def in i te mass, quarks (and possibly 
other part ic les too) could have indeter­
minate mass and other unconvent ional 
propert ies. 

In convent ional f ie ld theory, the 
'propagator ' wh i ch describes the 
s implest possible interact ion be tween 
t w o part icles has in its mathemat ica l 
s t ructure a point s ingular i ty (pole). This 
pole is in terpreted as a single part icle 
passing be tween the t w o external par­
t ic les and the posi t ion of the pole de­
pends on the mass of the exchanged 
part ic le. Such single part icle poles are 
the most convenient objects to handle 
mathemat ica l ly but there is no other 
reason w h y they should be the only 
singular i t ies in the mathemat ica l 
descr ipt ion of the interact ion. 
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People and 
things 

McCoy and W u suggest that line 
singular i t ies (branch cuts) could also 
appear. These cuts can be looked at as 
the l imi t ing case where the mass 
spacing of a who le series of single par­
t icle exchanges gets smal ler and sma l ­
ler, so that they eventual ly fuse 
together into a cont inuous spec t rum. 
Instead of having a series of single par­
t icle exchanges, each having a def in i te 
mass, such a cut describes a part icle 
w i t h a cont inuous mass d is t r ibut ion. 
This is embod ied in the name imp 
( indeterminate mass particle) and the 
idea is that quarks are imps. 

For a series of very close energy 
levels, the Uncerta inty Principle says 
that the corresponding spat ial wave 
funct ions must be broad. Looked at as 
the l imi t ing case of c losely-spaced 
levels, an imp also has a broad wave 
funct ion and so is a large object. 

However, it is unl ikely that an imp 
quark can be created direct ly in a high 
energy col l is ion as a large part ic le. The 
most plausible idea is that quarks are 
created as smal l part ic les but subse­
quent ly expand. If so, quarks w o u l d 
only be able to ionize or excite an a tom 
for a short t ime and over a short d is­
tance, possibly smal ler than a m i l ­
l imetre, after wh i ch they w o u l d g row 
too large and too dif fuse to affect 
a toms in the normal way . This could 
explain the non-appearance of quarks 
in f l ight in convent ional detect ion 
equ ipment . 

A l though imps w o u l d be di f f icul t to 
detect direct ly, an imp product ion 
process stil l has to obey convent ional 
conservat ion laws of electr ic charge, 
etc., so that a non-detec ted imp carry­
ing off electr ic charge w o u l d result in 
conservat ion law prob lems w i t h the 
remain ing observed part ic les. Such 
non-conservat ion of charge could be 
seen, in pr inciple, in a bubble chamber 
exper iment using a 'hard ' col l is ion 
process where the incident part ic le 
probes deep inside the target nucleons 
and unleashes quarks. Neutr ino in ­

teract ions wou ld be one possibi l i ty 
(see Apr i l issue, page 123) . 

Just to make th ings more di f f icul t , 
there is no reason w h y quarks should 
be the only kind of imps at large in high 
energy part icle interact ions. The 
gluons act ing between the quarks 
could also be imps ! 

End of an era 

Rutherford Laboratory Director Godfrey 
Stafford and former Director T G Pickavance 
together press the button at the official 
closing ceremony of the Nimrod proton 
synchrotron on 6 June. 

(Photo Rutherford) 

The 7 GeV proton synchrotron, 
NIMROD, at the Rutherford Laboratory 
closed down on 6 June. This, coupled 
with the closure of NINA in April 1977, 
brings to an end an era of home-based 
research facilities for UK particle 
physicists, who now rely on CERN for 
their work. 

NIMROD came into operation in 
1963 and the research programme 
began in February the following year. 
The synchrotron has been successfully 
operated during fifteen years, 
providing about 60000 hours of beam 
time for about 80 experiments. 
There has been great variety in the 
research programme which we hope 
to report in a forthcoming issue of the 
COURIER. 

Some of the NIMROD components 
are now to be incorporated into a lower 
energy proton synchrotron to provide 
intense neutron beams by spallation. 
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The multi'particle spectrometer at the 
Rutherford Laboratory finished its first 
experiment before the closure of the 7 GeV 
proton synchrotron, NIMROD. The 
spectrometer is being prepared for shipment to 
CERN for research at the 28 GeV PS. 

(Photo Rutherford) 

These neutron beams will be used by a 
new generation of research workers at 
Rutherford Laboratory. 

On People 

Professor Touschek died on 25 May at 
the age of 57. Bruno Touschek was 
born in Vienna in 1921. In his early 
career he studied at several Univer­
sities, including periods of time with A. 
Sommerfeld and W. Heisenberg, 
developing a lasting affection for 
theoretical physics where most of his 
research was done. His most signifi­
cant contribution, however, came in 
accelerator physics, a field he came to 
know particularly in the 1940s work­
ing with Rolf Wideroe. In 1952 he 
moved to Italy, which remained his 
home base until his death, with periods 
at Varenna, Frascati and Rome, becom­
ing inextricably linked with physics in 
Italy. 

It was at the Frascati Laboratory in 
1960 that he was the first to see the 
feasibility and the physics potential of 
electron-positron storage rings, now 
such a vital element of the high energy 
physics armoury. He pushed the con­
struction of the first storage ring of this 
type, ADA, which Frascati operated in 
collaboration with Saclay, and directly 
contributed to it which his own hands. 

Bruno Touschek was a man of very 
broad vision and deep insight in 
science with a rare ability for synthesis 
of knowledge from many fields. This 
ability was also reflected in the fact 
that he was an exceptionally good lec­
turer. All who met him came away 
enriched and his death has taken an 
important personality from science. 

The fifth meeting of the USA-USSR Joint 
Committee on Cooperation in the Peaceful 
Uses of Atomic Energy took place in April. The 
photograph shows Robert Thome (left, USA 
Acting Assistant Secretary for Energy 
Technology) and A.M. Petrosyants (right, USSR 
Chairman of the State Committee for the 
Utilization of Atomic Energy) signing the 
meeting record in Washington. The Soviet 
visitors toured American nuclear and high 
energy physics Laboratories. 

(Photo DOE) 
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Edwin L Goldwasser is to leave 
Fermilab to take up un appointment as 
Vice-Chancellor for Research and 
Dean of the Graduate College at the 
University of Illinois at Urbana-
Champaign as from 1 September. Ned 
Goldwasser has been Deputy Director 
at Fermilab since 1967 and has been 
influential in USA high energy physics 
policy for many years. He is currently 
also Chairman of the IUPAP 
Commission on Particles and Fields. 
His broad knowledge of the physics 
programme and his personal charm 
will be sadly missed at Fermilab while 
the Chancellor of Urban a, William 
Gerherding welcomes a 'distinguished 
scientist and humane scholar'. 

We welcome Tu Tung-sheng to the list 
of CERN COURIER correspondents. Tu 
Tung-sheng heads the Theory 
Department at the Institute of High 
Energy Physics of the Academia Sinica 
in Peking and his nomination as 

2. 

COURIER contact is a further sign of 
the growing involvement of Chinese 
scientists in the world of high energy 
physics. 

A Jubilee Conference was held at 
Florida State University 6-7 April to 
mark the fiftieth anniversary of 
publication of the Dirac equation. 
Gerard t'Hooftr Ken Wilson, J.J. 
Sakurai, John Ellis and Yuval Ne'eman 
spoke on 'Current Trends in the Theory 
of Fields' and Paul Dirac himself 
discussed his theory on the time 
variation of the gravitational constant. 

A collection of papers covering 
contemporary aspects of high energy 
physics and related topics, under the 
title 'Physics from Friends' has been 
published, dedicated to Charles Peyrou 
on the occasion of his sixtieth birthday. 
Copies (470 pages at a cost of 100 
Swiss francs) are available from Mrs. J. 
Ruiz, CERN, CH-1211 Geneva 23, 

1. Paul Dirac at a Conference to mark the 50th 
anniversary of publication of the Dirac equation. 
2. Ned Goldwasser who is leaving Fermilab to 
become Vice-Chancellor at Urbana. 
3. Charles Peyrou whose sixtieth birthday is 
celebrated by a 'Festschrift'. 

Switzerland and payment should be 
made in advance directly to the 
Societe de Banque Suisse, Agence du 
CERN, Account No. C7-754.676.5 
'Peyrou Festschrift'. 

Many leading figures in the USA 
accelerator world gathered in 
Princeton on 18 May to mark the 
retirement of Professor Milton G. 
White. Milt White had a distinguished 
career in accelerator physics. In 1954 
he proposed (with Frank Shoemaker 
and Gerard O'Neill) the building of the 
fast cycling proton synchrotron which 
became known as the PPA (Princeton 
Pennsylvania Accelerator). The 
machine operated from 1963 to 1972 
with Professor White as Director of the 
Laboratory. He remains active on the 
high energy physics scene and is at 
present Chairman of the Board of 
Trustees of the Universities Research 
Association which operates the 
Fermilab. 
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Nice summery picture. A deer has joined the 
famous buffalo herd on the Fermilab site. 

Accelerator Conference 

The USA 1979 National Particle Ac­
celerator Conference will be held in 
San Francisco from 12-14 March. 
Further information can be obtained 
from the Conference Chairman, 
Richard Neal, at SLAC and abstracts 
should be serrt to the Program 
Chairman, Dennis Keefe, at the 
Lawrence Berkeley Laboratory, before 
1 November. 

Ten accelerator specialists from the Institute of 
High Energy Physics, Peking have begun 
several months of study at Fermilab. They are 
photographed here with Lee Teng the 
accelerator theorist from Fermilab (left to right) 
— Wang Shu-hung, Mao Chen-lung, Pan Hui-
pao, Hsieh Chia-lin, Sui Ching-yi, Lee Teng, 
Hsiao Yi-hsuan, Shen Pao-hua, Chen Sen-yu, 
Hsu Chien-ming and Chung Hui. 
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I S A B E L L E 
at BROOKHAVEN 

NATIONAL LABORATORY 
New High Energy 

Proton-Proton Colliding 
Beam Research 

Facility 

ELECTRONIC DESIGN ENGINEERS 
Minimum BSEE, with substantial experience in 
one or more of the following areas: fast pulsed 
high-voltage power supplies; high bandwidth 
high current programmable power supplies; 
power equipment for magnet systems. 

MECHANICAL ENGINEERS 
Minimum BME with experience in general 
machine design and high precision 
manufacturing processes. Knowledge of 
cryogenic or vacuum technology desirable. 

ENGINEER OR PHYSICIST 
Ph.D. or equivalent. Requires solid experience 
in low level rf phase, frequency and wave shape 
feedback control using digital and analog 
techniques. A knowledge or interest in beam 
cavity interaction essential. 

We are a leading scientific research establishment with 3500 
employees located in mid-Suffolk County, Long Island, on a 
pleasant campus-like site of 5000 acres. Working conditions and 
fringe benefits are excellent. # 

Please send two copies of resume and salary history to Building 
185, referring to Position 10252: 

h n l BROOKHAVEN 
NATIONAL 

CI 111 LABORATORY 
Associated Universities, Inc. 
Upton, New York 19973 
An Equal Opportunity M/F 

Staff Physicist 
T h e E x p e r i m e n t a l Fac i l i t i es D e p a r t m e n t a t 

S t a n f o r d L inear A c c e l e r a t o r C e n t e r has an o p e n ­

ing f o r a S ta f f Phys ic i s t . T h e w o r k w i l l be a m i x ­

t u r e o f e x p e r i m e n t a l r esea rch a n d s u p p o r t f u n c ­

t i o n s . T h e s u p p o r t f u n c t i o n s c o u l d i n c l u d e 

respons ib i l i t y f o r d e s i g n , i n s t a l l a t i o n a n d t e s t i n g 

o f pa r t i c l e t r a n s p o r t s y s t e m s a n d p l a n n i n g and 

d e s i g n o f n e w d e t e c t o r f ac i l i t i es . O p p o r t u n i t i e s fo r 

e l e m e n t a r y pa r t i c l e r esea rch ex is t a t PEP, SPEAR 

a n d in t h e l inear p r o g r a m a t S L A C . Th i s is a per ­

m a n e n t ca ree r p o s i t i o n . 

A Ph.D. a n d e x p e r i e n c e in e l e m e n t a r y pa r t i c l e 

phys i cs e x p e r i m e n t a t i o n , a n d f a m i l i a r i t y w i t h par ­

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

s y s t e m s , a n d d a t a ana l ys i s are r e q u i r e d . 

A p p l i c a n t s s h o u l d s e n d a r e s u m e t o : 

L e w i s Ke l le r 

c /o E m p l o y m e n t O f f i ce , Bin 11 

S t a n f o r d L inear A c c e l e r a t o r C e n t e r 

P.O. Box 4 3 4 9 

S t a n f o r d , Ca l i fo rn ia 9 4 3 0 5 . 

Equal O p p o r t u n i t y t h r o u g h A f f i r m a t i v e A c t i o n 

Group Leader 
of On-Line Computing 
App l i ca t i ons are requested for the pos i t ion of g roup 
leader of the SIN on- l i ne c o m p u t i n g g roup . App l i can ts 
shou ld have several years of exper ience in the p r o ­
g r a m m i n g of on- l i ne c o m p u t e r s in a scient i f ic env i ron ­
men t , and shou ld pre ferab ly have exper ience w i t h bo th 
P D P - 1 1 and Camac sys tems. 

The app l i can t m u s t also have proven leadership capab i ­
l i t ies. 

The ch ief respons ib i l i ty of the g roup leader w i l l be t o 
di rec t t he d e v e l o p m e n t and i m p l e m e n t a t i o n of a f lex ib le 
phys ic is t o r ien ted s o f t w a r e fo r use in on- l ine data co l lec­
t i on and analysis. In add i t i on he w i l l be expec ted to 
coord ina te the suppo r t t o the user g roups , p lan the long 
range d e v e l o p m e n t of the SIN on- l ine sys tem, and insure 
t ha t S IN keeps abreast of the latest deve lopmen ts in 
on- l ine c o m p u t i n g . 

App l i ca t i ons shou ld be sent t o : 

SIN, Swiss Institute for Nuclear Research, Personnel 
Div., CH-5234 Villigen, Switzerland 

2 2 1 



POSITION OPPORTUNITY 

RESEARCH SCIENTIST 
IN PARTICLE PHYSICS 

T h e INSTITUTE OF PARTICLE P H Y S I C S OF 
C A N A D A inv i t es a p p l i c a t i o n s f o r Research 
S c i e n t i s t p o s i t i o n s . A p p l i c a n t s s h o u l d have 
p r o v e n ab i l i t y in E x p e r i m e n t a l Par t i c le Phys i cs . 
In i t ia l a p p o i n t m e n t s w i l l be f o r t h r e e y e a r s 
f o l l o w e d by a r e v i e w w h i c h , if f a v o r a b l e , w i l l l ead 
t o a c o n t i n u i n g ca ree r a p p o i n t m e n t . In i t i a l l y 
Research S c i e n t i s t s w i l l be e x p e c t e d t o j o i n o n e 
o f t h e ex i s t i ng I.P.P. c o l l a b o r a t i o n s a t F e r m i l a b 
o r S L A C b u t t h e o p p o r t u n i t y t o i n i t i a t e n e w 
e x p e r i m e n t s w i l l a lso ex is t . 

A p p l i c a t i o n s i n c l u d i n g c u r r i c u l u m v i tae, t r a n ­
sc r i p t s a n d t h e n a m e s o f 3 re fe rees s h o u l d be 
s e n t t o : 

J . D . P R E N T I C E 
D e p a r t m e n t o f Phys i cs 
U n i v e r s i t y o f T o r o n t o 
T o r o n t o , O n t a r i o M 5 S 1 A 7 

V^PBTSS^ C a n a d a 

POSITION OPPORTUNITY 

RESEARCH ASSOCIATES 
IN PARTICLE PHYSICS 

The INST ITUTE OF PARTICLE P H Y S I C S OF 
C A N A D A inv i t es a p p l i c a t i o n s f o r Research 
A s s o c i a t e p o s i t i o n s . O p e n i n g s ex is t in t h e 
C a n a d i a n e x p e r i m e n t a l pa r t i c l e phys i cs g r o u p s 
l o c a t e d a t C a r l e t o n , M c G i l l , O t t a w a , T o r o n t o a n d 
Y o r k Un i ve rs i t i es . T h e s e g r o u p s are c o l l a b o r a t i n g 
in e x p e r i m e n t s a t F e r m i l a b a n d S L A C . 

A p p l i c a t i o n s i n c l u d i n g c u r r i c u l u m vi tae, t r a n ­
sc r i p t s a n d t h e n a m e s o f 3 re fe rees s h o u l d be 
sen t t o : 

J . D . P R E N T I C E 
D e p a r t m e n t o f Phys i cs 
U n i v e r s i t y o f T o r o n t o 
T o r o n t o , O n t a r i o M 5 S 1 A 7 
C a n a d a 

STATIONARY DIESEL GENERATING SET 
FOR SALE 

As part of the plan to renew and increase the power of its stand-by electricity generating plant, 
CERN is closing down a complete 1500 HP generating set and replacing it by a larger power unit. 

The set is of the stat ionary diesel-a l ternator type, designed to operate round the clock, and is in ful l work ing order. The 
set w i l l be available on the CERN-Meyr in site f rom 1st October 1 9 7 8 . A batch of spare parts is also for sale. 

The main characteristics of the set are as f o l l o w s : 

First year of operat ion : 1 9 5 6 . 
Number of hours of ope ra t i on : 17 5 0 0 . 

Diesel motor : SULZER, T y p e : 8 TF 3 6 . 
8 cyl inders in l ine, produc ing 1 5 2 0 HP at 3 0 0 r.p.m. 
Two-s t roke . W e i g h t : 57 tonnes. 

F u e l : DIESEL grade. 

Al ternator : OERLIKON. Type SGD - 4 5 0 - 6 2 . 
Star connec t i on : 3 0 0 r.p.m., 2 3 0 - 4 0 0 V, 1 9 1 0 A. 
Exciter f i t ted to end of dr ive-shaft . Type E 3 - 3 0 . 
13.6 k W at 3 0 0 r.p.m. - 136 V, 100 A. 
We igh t of a l te rnator : 7 5 0 0 kg. 

M e t h o d of starting : au tomat ic , by means of c o m ­
pressed air cyl inders, 3 5 bar compressor, all included 
in the equ ipment for sale, together w i t h : 
- control conso le ; 
- vol tage regulat ion sw i tchboard ; 
- c ircuit d iagrams and inst ruct ion manuals. 

For fur ther informat ion please contact 

CERN - Stores/Salvage Service, 1211 Geneva 23 , Switzerland - Telex 2 3 6 9 8 CH 
or p h o n e : 

For commercia l information : Mr. F. SPYSE - Tel. 0 2 2 / 8 3 21 8 0 
For technical information : Mr. P. CIRIANI - Tel . 0 2 2 / 8 3 41 83 Mr. R. RAZUREL - Tel . 0 2 2 / 8 3 21 77 
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And has been 
since the very 
beginnings of 
the radiation 
protection 
industry. 

Today, with a growing 
need for radiation protection ; 
within rigorous industrial 
safety standards, James Girdler is one of the few 
manufacturers in the world with the skills to meet 
the exact specifications of individual clients, including 
the UKAEA. 

J A M E S G I R D L E R & C O LTD. 
SPECIALISTS IN SOLVING RADIATION PROBLEMS 

Member of the Billiton Group 
Upper Ordnance Wharf, 458 Rotherhithe Street, 
London SE16 1EG, United Kingdom. 
Telephone 01-2370048 ^ 472 P078 

R F 
ENGINEER 

B r o o k h a v e n Nat iona l Labora to ry is seek ­
ing an e x p e r i e n c e d e lec t r i ca l e n g i n e e r ( B S 
or equ iva len t ) to d e s i g n , p rocu re and c o m ­
miss ion t he h igh p o w e r rf sys tems (up to 0.5 
MW, cw, 50 M H z ) fo r t h e e lec t ron s to rage 
r i ngs /boos te r acce le ra to r of t he recen t l y 
f u n d e d N A T I O N A L S Y N C H R O T R O N 
L I G H T S O U R C E pro jec t . Ove rseas cand i ­
dates wi l l be c o n s i d e r e d . 

P l e a s e r e s p o n d w i t h c o p i e s o f y o u r 
r e s u m e inc lud ing sa lary h is tory to Bu i l d i ng 
185, re fe r r ing to Posi t ion 10262K: 

11 n I BROOKHAVEN 
I I I I I N A T I O N A L 

Associated Universities, Inc. 
Upton, Long Island, New York 11973 
(USA) 
An Equal Opportunity Employer M/F 

PRODUITS POUR LA TECHNIQUE REACTEURS 

N o t r e p r o g r a m m e de v e n t e 
c o m p r e n d : 

• A p p a r e i l s d e l a b o r a t o i r e 
C r e u s e t s , c a p s u l e s et e l e c t r o d e s ein 
p l a t i n e , r h o d i u m , i r i d i u m , o r et a r g e n t 
Fours de l a b o r a t o i r e j u s q u ' a 1 7 7 5 ° C 
A p p a r e i l s de d i f f u s i o n p o u r la 
f a b r i c a t i o n d ' h y d r o g e n e u l t r a p u r 

• T e r r e s rares • 
M e t a u x , o x y d e s , se ls , Ce, Dy, Er, Eu, 
G d , H o , La, L u , N d , Pr, Sc , S m , T m , T b , 
Y, Y b 

• S e m i s e n p l a t i n e , p a l l a d i u m , 
r h o d i u m , i r i d i u m , t a n t a l e , n i o b i u m , 
t u n g s t e n e , m o l y b d e n e 
en f i l , b a g u e t t e , a n n e a u , f e u i l l a r d 
t h e r m o c o u p l e s , t h e r m o c o u p l e s 
c r y o g e n i q u e s a ins i q u e 
t h e r m o c o u p l e s a g a i n e m e t a l l i q u e 

• M 1 0 0 0 
M a t e r i e l d e h a u t e d e n s i t e p o u r la 
p r o t e c t i o n a n t i r a y o n s 

• P rodu i ts p o u r us ines c h i m i q u e s 
C a t a l y s e u r s sur base de p l a t i n e , 
p a l l a d i u m e t a r g e n t 
D i sques de r u p t u r e , s u p p o r t s e t 
s u p p o r t s a v i d e 

• P rodu i ts c h i m i q u e s 
P r o d u i t s SPECPURE® et 
P U R A T R O N I C ® d e t res h a u t e p u r e t e 
p o u r le l a b o r a t o i r e e t I 'analyse 

• Brasures a l a r g e n t e t s o u d u r e s 
spec ia l es p a l l a d i u m , or , d e c a p a n t s , 
« B razepas te » 

JOHNSON MA TTHEY & 
BRANDENBERGER AG 
Gla t t a l s t r asse 1 8 
8 0 5 2 Z u r i c h 
T e l e p h o n e 0 1 / 5 1 4 4 8 8 
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# 

mm 

wmmm 
, LABEN ADC . 

mod.8115 w 

I2SS 
ill I 
11014 
ItM§ 

1'" 1 ? 
4 1 1 . 

Mi AY DISABLE 

8215 ADC, a world 
wide success 
now 8115: the same 
improved patented 
techniques at a very 
attractive price 

S u c c e s s i v e a p p r o x i m a t i o n , s l i d i n g 
sca le c o n v e r t e r f e a t u r i n g : 

• 4 .2 f i x e d c o n v e r s i o n t i m e 
• 4 K o r 2 K C h a n n e l s r eso l u t i on 
• d i f f e ren t ia l l inear i ty e r r o r less t h a n 0 .2% 
• C A M A C c o m p a t i b l e t h r o u g h 5910 I n t e r f ace 
• C o m p u t e r a d a p t a b l e 

Official Sole Representatives for Europe: 
r Nuclear Enterprised Ltd. - Edinburgh 
i:; tntechmtj N.V. - The Hague 
• Atomlka Technische Physik GmbH - Munchen 
•' Regulation Mesure SPRL - Bruxelles 
: J. & M. Iversen & Martens A/S - Copenhagen 

4Np f ~ IfiOnTEDI 
LABEN DIVISION 
Via Bassini. 15 / 20133 MILANO, ITALY 

' w Telephone: 23.65.551 / Telex: 33451 

MONTEDISON GROUP 

m o n T E O t s o n 
S I S T E f f l l 



LAIR LIQUIDE 

OF CRYOGENIC EQUIPMENT 

divi/ion materiel cryogenique 
57, av Cannot. Q4500 Champigny/M . France 

Tel: BBD. II. II _ Telex: AL CH A230BS4 F 

2 2 5 



Our recently in t roduced A1 5 0 power ampl i f ier may 
be just r ight for your exact ing needs of rf dr ive power . 
Covering the f requency range f rom 0 .3 -35 MHz w i t h 
5 0 dB gain the A1 5 0 produces 1 5 0 wa t t s of l inear 
Class A power. If d is tor t ion is un impor tan t the A 1 5 0 
w i l l del iver up to 2 5 0 wa t t s of C W and pulse power . 

Tel. 

3000 WINTON ROAD SOUTH 
ROCHESTER, NEW YORK 14623 

716-473-7330; Telex 97-8283 ENI ROC 

Broadband 
r.f. power... 

But... .by ENI 
If your requi rement is beyond the capabi l i ty of the 
A 1 5 0 maybe another ampl i f ier f rom our w ide 
catalogue w o u l d be more sui table. Here is just a brief 
select ion 
Model 2 4 0 L 2 0 K H z - 1 0 M H z 4 0 W a t t s 
Model 3 1 0 0 L 2 5 0 K H z - 1 0 5 M H z 1 0 0 Wa t t s 
Model 4 4 0 L A 1 5 0 K H z - 3 0 0 M H z 3 5 Wa t t s 
Model 5 0 3 L 2 - 5 1 0 M H z 3 W a t t s 
Al l ENI ampl i f iers are ful ly protected against load 
mismatch and wi l l del iver constant fo rward power 
regardless of load impedance. 

For more data contact your loeal 
Representative or direct to EIMI. 

^mmmmpowER C l f f A SYSTEMS, LTD. 
23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE 

SG5 2JS ENGLAND 
Tel.: (0462) 5 1 7 1 1 ; Telex: 825153 ENI UK G 

BELLOWS EXPANSION JOINTS 
VACUUM VESSELS 
TOKAMAKS 
BEAM TUBES 
THIN-WALL FABRICATIONS 
METAL SEALS 
FLEXIBLE METALLIC HOSE 
TRANSFER LINES 
COUPLINGS 

A V I [ A 
GROUPOF COMPANIES 

Avica Equipment Ltd. ; 

Mark Road, Hemel Hempstead, 
Hertfordshire. HP2 7DQ 
Telephone : Hemel Hempstead 64711 
Telex: 82256 

Avica International 
BP1 47 Principaute de Monaco 
Telephone: (93) 30-09-39 
Telex: 469 771 MC 

2 2 6 



*M 
TEMPERATURE 

MONITOR 

M o n i t o r i n g 

C A M A C 

^ ) l J R 3525 16-channel Temperature 
Monitor module is an exciting new 
development at KineticSystems. This 
module provides the interface to 
thermocouples wi thout any external 
amplification or signal conditioning; 
temperatures are read on the Dataway 
in degrees Celsius or Fahrenheit. 

Thermocouple linearization and alarm 
limits are provided on all channels. An 
on-board microprocessor controls the 
scanning of tha inputs, calculates the 
temperature from the thermocouple 
linearization equation, and compares 
the current temperature to preset lim­
its. A LAM interrupt can be set when­
ever any temperature is out-of-limits. 

Now 
Available 

in a 
IB-channel 

Module 

KineticSystems 

1 

Features o f t h e 3 5 2 5 M o d u l e 

• On-board microprocessor control 
• 16 channels of differential inputs 

wi th guard per channel 
• Readout via Dataway directly in 

degrees Celsius or Fahrenheit 
• Resolution of 0.1° C. 
• Accuracy of ±0.5° C. (excluding 

thermocouple) 
• Reference junction input with 

optional on-board isothermal panel 
for direct connection of thermo­
couples to module 

• Range of-200°C. to +760°C with 
Type J thermocouple 

• Optional linearization for various 
thermocouple types 

• Can be used as general-purpose low-
level monitor wi thout linearization 

• Upper and lower alarm limits for 
each channel written and read from 
Dataway 

• LAM interrupt on out-of-l imit 
temperature 

Please c o n t a c t us f o r addi t ional i n f o r m a t i o n 

Kinetic Systems International S.A. 

THE X 

[CAMAC 
PEOPLE 

D e p t . C C 6 8 * 6 C h e m i n de T a v e r n a y * 1 2 1 8 Geneva, S w i t z e r l a n d * T e l . (022) 9 8 4 4 4 5 * Te lex 2 8 9 6 2 2 

K i n e t i c S y s t e m s C o r p o r a t i o n * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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ELECTRIC 

The OKI DP-100 Line Printer 
Designed to your advantage 

Prix du modele 
standards Fr. 7100.— 
(prix OEM sur demande!) 

Demandez la documentat ion. 
Nous vous consei l lerons volont iers. 

information 203 
Bellikonerstrasse 218 
CH-8968 Mutschellen J mL 

Telefon 057 54655 
Telex 54070 



r Degussa 
The new Generation 

of Platinum Measuring Resistors 
T h i n - f i l m t y p e 

fo r e v e n m o r e a p p l i c a t i o n s 

Small size 
Shorter response 
times 
Higher possible 
ratings » 
Extremely stable, 
even at high 
temperatures 
Highly 
vibration-resistant 
Very suitable 
for surface 
measurement 

2xPt100 

Degussa (Schweiz) AG 
Postfach2050 • 8040 Zurich 

TelefonOI-54 39 00 • Telex 57946 

RICO-Gouttieres a cables 
Chemins de cables 

Elements fabriques en serie, disponibles 
de stock, prets a etre assembles selon le principe 
de la boite de construction, permettent 
des gains de temps importants dans 
I'etablissement des plans, dans les 
bureaux d'etudes, sur le chantier et a I'atelier. 

R I E T H & C o . 
F a b r i k f i i r E i s e n k o n s t r u k t i o n e n 
D - 7 3 1 2 K i r c h h e i m - T e c k 
T e l . ( 0 7 0 2 1 ) 4 5 0 5 1 
T e l e x 0 7 2 6 7 8 8 1 

M a x B a n n i n g e r A G 
8 0 5 0 Z u r i c h 
N a n s e n s t r . 1 
T e l . 1 / 4 6 3 6 4 2 

A S E C O N D 

PREFABRICATION 

P L A N T : 
after the plant in Montelimar FRANCE, 
the plant in Olazagutia SPAIN 
has become operational. 
You can : 
• leave to us the installation of 

500 t /month of piping circuits 
• be sure that the quality 

requirements and delivery date 
that you ask for will be met 

Our 2 prefabrication plants 
Assembly area 

bOccard 
DESIGN, SUPPLY, FABRICATION AND INSTAL­
LATION OF PIPING SYSTEMS FOR RESEARCH, 
OFFSHORE OIL EXPLORATION AND REFINING 
• CHEMICAL AND PETROCHEMICAL INDUS­
TRIES • IRON & STEEL INDUSTRY • NU­
CLEAR POWER STATIONS... 

2000 People - 500 Licensed welders 

Ste BOCCARD 
• BP 6080 - 69604 Vil leurbanne Cedex 

F R A N C E - Tel. (78) 68 34 35 Telex 300426 F 

Tervuerenlaan 42 - 1040 Brussel 4 
B E L G I Q U E 

Edificio Deusto - Avenida del Ejercito 3 
Deusto - Bilbao 14 - E S P A G N E 

Olazagutia - (Navarra) - E S P A G N E 

Via Gozzi N° 5 - 10121 Torino - I T A L I E 



GOT MULTIWIRE PROPORTIONAL CHAMBERS? 
Save the pain of designing your o w n read-out system ! 

Here is the of f - the-shel f answer f rom the european semiconductor industry 

MONOLITHIC INTEGRATED CIRCUITS 
associated to a fast, compact and powerfu l CAMAC system 

From your M W P C requirements you can choose among three highly modular systems. Look... 

MWPC 1000 System 
• 8-channel modules based on FILAS I.C. 
• — 3 m V on 6kQ min . threshold 
• Delay adj. f rom 4 0 0 ns to 1.2us 
• 2 0 0 m W dissipat ion per channel 
• Radiation resistant (up to 1 0 4 rad.) 
• Smal l size (63 x 56 x 10 mm) # 

• Wire-OR able outputs (bus oriented) 
• On-chamber 1 0 0 5 modules 
• Low, low, low cos t : about 3 6 FF per channel 
• More than 1 0 0 0 0 0 channels in use now or soon 

at SACLAY, CERN, DESY, SIN, JAPAN ! 

MWPC 2000 System 
• ECL2-channel f ront end (RBA I.C.) 
• 8 n s t i m e s l e w i n g , 2 X t o 2 0 X 
• PMOS 8-channel logic, processor (RBB I.C.) 
• — 2 5 0 uV threshold (on 1 0 0 Q to 2 5 0 Q) 
• Delay adj. f rom 2 5 0 ns t o 6 0 0 ns 
• Dual monostable delay stacks 
• Double memory points 
• 3 5 0 m W dissipat ion per channel 
• Size 170 x 2 2 5 x 4 0 m m 
• Bus or iented outputs 
• 32-channel on chamber 2 0 0 1 modules 
• Low cos t : about 6 8 FF per channel 
• Already 3 0 0 0 0 channels instal led at CERN 

New! 
MWPC 2100 System 

Compacted version of M W P C 2 0 0 0 
8-channel 2 1 0 1 on-chamber modules 
2 m m wi re-spac ing compat ib le 
Electronics housed in a 1 0 0 x 4 5 m m min. 
sect ion 
Possibil i ty of pulsed suppl ies 
Wire-OR able outputs 
Low cos t : about 6 0 FF per channel 

Do consult u s f o r d a t a sheets, appl icat ion 
reports, del ivery t ime , prices or any 
in format ion you may need for your part icular 
appl icat ion exper iment. 

W r i t e or ca l l : 

E.F.C.I.S. 
85X, 38041 GRENOBLE CEDEX 
(FRANCE) Te l . : (76) 9 7 4 1 11 

Telex : EFCIS 3 2 0 2 2 6 F 

2 3 0 



Dri l ls : 

# sheet metal up to 1.5 m m 41 

# th in -wa l led piping 
# car body sheet 
# plastic sheet and tub ing 

For instal l ing signal l ing devices, assembl ing ins t rument 
panels, automat ic instal lat ions, f i t t ing aerials, laying 
pipes and cables. For reaming out exist ing holes. For 
deburr ing. 
Indispensable for equipment assembly 

Swiss and fore ign patents 

T I P S W I T O O L 
Altkircherstrasse 30 
P.O. Box - 4027 BALE/Switzerland Tel. 0 6 1 / 3 9 6 5 0 0 

NUPRO Bellows Valves 
solve the toughest fluid 
containment problems 

NUPRO Bellows Valves can handle corro­
sive, toxic, dangerous or expensive fluids or 
high vacuum with a leak-tight integrity that's 
available only with an all-metal bellows 
seal to atmosphere. They operate 
in a pressure range from vacuum 
to 2500 psi, and from cryogenic 
temperatures to 1500°F. 

You can choose hand, toggle, 
micrometer or air actuation for on-
off, regulating or fine metering appli­
cations. Materials are brass, 
316 stainless steel and Monel. 

O^^J^*~ end connections from 
1/4" to 1/2" and weld ends from 1/4" 
to 1 " are standard. 

All models are available from 
local stocks to meet your needs 
quickly and exactly. 

3 n u 
I / i KONTRON AG 
§§ ^ A B T E I L U N G P R A Z I S I O N S A R M A T U R E N 

CH-8048 Zurich Bemerstrasse-Sud 169 ® 0162 92 62 
D-8057 Eching fa. Miinchen Oskar-v.-Miller-Str. 1 • <& (0 8165) 7 72 88 
A-1140 W i e n • Ameisgasse 49 - "5? 94 56 46 

©1977 MARKAD SERVICE CO./al! rights reserved N-36 
MONajM international Nickel 

S ^ W ^ T M Crawford Fitting Company 

2 3 1 



E N T R E P R I S E G E N E R A L E D E D E C A P A G E 
M E T A L L I S A T I O N G R E N A I L L A G E ET DE P E I N T U R E I N D U S T R I E L L E M E T A L L I S A T I O N 

R E V E T E M E N T S S P E C I A U X 

PERSONNEL QUALIFIE GROSSES REFERENCES EN 

MATERIEL SPECIALISE /I A A 
FRANCE ET A L'ETRANGER 

Siege: BP 647 9^ t '1 iff t u >\ 11 s ft 1) i 
5 7 0 1 1 METZ (CEDEX) 

6, RUE DE MERIC R.C. Metz 58 B 2 2 6 
TEL (87) 30 .37 .64 + 

N. LOUIS e tsesF i l s 
Telex 8 6 0 2 8 0 Ant iroui 

S.A. au Capital de 3 0 0 0 0 0 0 F 

-P.D.G.:Marc LOUIS 

Tres grosses references en 

OFFSHORE INSTALLATIONS PORTUAIRES 
T E R M I N A U X , PIPE-LINES - G A Z O D U C S , 

RAFFINAGE, PETROCHIMIE 

Specialiste des revetements speciaux 
Connaissance parfaite des produits de toutes marques 

Service Etudes parfaitement rode 

Agences 

13741 VITROLLES 57190 FLORANGE 59640 PETITE-SYNTHE 44480 DONGES 78520 LIMAY 
Zone industrielle Z.I.L. pres Dunkerque Z.I. pres St.-Nazaire Z.I. Limay 
1ere Rue - N° 18 4 3 , Route de I'Etoile Av. de la Gironde Tel. (40) 45 .71 .52 Porcheville 
Tel. (42) 89 .06 .75 B.P. N° 38 Tel. (20) 66 .28 .20 R.C. St.-Nazaire 65 B 1 7 8A, rue Fernand-Forest 
R.C. Salon-de-Provence Tel. (87) 58 .18 .62 R.C. Dunkerque 68 B 2 0 B.P. N° 13 Tel. 477 .45 .84 
68 B 3 0 5 7 1 9 0 FLORANGE Telex 8 2 0 9 4 4 4 4 4 8 0 DONGES Telex 6 9 1 7 4 9 
Telex 4 2 0 3 0 9 B.P. N° 38 R.C. Pontoise 73 B 607 
B.P. N° 8 - 13741 VITROLLES 5 9 6 4 0 PETITE-SYNTHE 

I NIM signal 
110 inputs 
I 6 outputs 
I CAMAC 

programming 

I Differential 
ECL signal 

110 inputs 
I 6 outputs 
I CAMAC 

programming 

3 • Two independent 
logic units 

• NIM signal 
• 4 inputs 
• 4 outputs 
• Manually 

programmable 

Common features of the modules: 
Outputs independently programmable. 
Three operation modes: 
overlap, strobed, strobed+shaped. 
Propagation time independent from 
the chosen logical combinations. 

jjl m 

IIP 

* I 111 31 ^ *Xl l 

IMP 



Precision 
Power Supplies 
S t a b i l i t y up t o 1 0 - 6 ; up t o 3 0 0 k W ; up t o 3 0 0 k V 

f o r a l l a p p l i c a t i o n s 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

IE© 

Control and Measuring Techniques 
Happinger Strasse 71 
8 2 0 0 Rosenheim 
Tel. 08031 - 6 6 3 9 7 / 6 6 1 1 6 
Telex 0 5 2 5 7 7 7 hemes d 

^ M e t a r e g 

MONTAGE INDUSTRIE!. 
INSTALLATION 

TRANSFERT 
ENTRETIEN 

LEVAGE 

AGENCE: 
13, chemin du Levant 

01210 FERNEY-VOLTAIRE 
Tel. (50) 42 55 31 

Siege soc ia l : 
1 5, avenue Descartes 

9 2 3 5 0 LE PLESSIS-ROBINSON 
Tel. 6 3 0 2 2 3 8 - Telex 2 5 0 9 4 9 plrob 

NOUVEAUTES 
• A U M I A U X 
L'emploi des microprocesseurs 
128p. ,80 f ig . , 110 FF. 

• B A J E N E S C O 
Ini t iat ion a la f iabi l i te en e lect ron ique 
120 p., 68 f ig . , 80 FF. Condi t ion Masson s.a. Fribourg - Ch. A. Arm (Suisse) 

• C A R P E N T I E R 
Bases modernes 
3 e Edition revisee et comptetee 
304p. , 148 f ig . ,3p l . h.t., 120 FF. 

• C L A I R 
In t roduct ion a I 'opt ique in tegree 
Telecommunicat ions opt iques 
104 p. avec f ig . ,96FF. 

• C L A V I E R , N I Q U I L , C O F F I N E T . BEHR 
Theorie et technique de la transmission des donnees 
Tome 2 : Systemes de tele-informatique. 
2 e edition revue. 
216p. ,168f ig . ,120FF. 
Collection de I'Ecole nationale supe'rieure de technique avancge 
Des memes auteurs: 
Theorie et technique de transmission des donnees. 
Tome 1 : Notions fondamentales. 

• C O N D A M I N E S 
Stereophonie 
Cours de relief sonore theor ique et appl ique 
320 p., 112f ig . ,95FF. 
Co/lection technique et scientifique des telecommunications. 

• BUI 
M e c a n i q u e de la rupture fragi le 
232 p., 70f ig . , 110 FF. 
Ouvrage publie avec le concours du C.N.R,S. 

• F R A N C O N 
La granular i te Laser (Speckle) 
Appl icat ions en opt ique 
144p.,,159fig.; 120 FF. 

• M E T Z G E R , V A B R E 
Electronique des impuls ions 
Tome 1 : Circuits a elements localises. 
288 p., 306f ig. , 129 FF. 
2 e edition revue et corrigee 
Les techniques de I'informatique publiees sous les auspices de la C.I.I. 
Honeywell Bull. 
Des memes auteurs: 
Electronique des impulsions. 
Tome 2 : Les lignes de transmission. Circuits a elements repartis. 

• R O U B I N E (sous la direct ion de) 
A n t e n n e s 
Tome 1 : Introduction generate par E. Roubine et J.-Ch. Bolomey. 
216 p., 84f ig . , 125 FF. 
Tome 2 : Applications par S. Drabowitch et C. Ancona 
248 p., 145fig., 125 FF. 

• S C H U H M A N N (coordonnee par) 
Proprietes e lectr iques des inter faces chargees 
Ouvrage public avec le concours du C.N.R.S. 
332p., 122fig., 120 FF. Prixau 15.06.78 

D O C U M E N T A T I O N G R A T U I T E 
• Ca ta logue Electricite - Electronique 
• Bullet in M a s s o n - Sciences 

Pour toute commande ou demande de documentation, adressez-vous 
a votre libraire ou retournez cette annonce cochee, accompagnee de 
votre reglement s'il y a lieu, aux Editions Masson - 120, boulevard 
Saint-Germain, 75280 Paris cedex 06. 

MASSON 
PARIS/NEW YORK/BARCELONE/MILAN 
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• N E T 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiene, disinfection, desinsectisation, deratisation 

Manutehtions 

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

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (91) 7 6 2 8 5 0 
X* tel. (1) 607 9 4 8 4 

tel. (022) 20 6 8 4 8 
tel. (50) 5 1 4 6 4 1 
tel. (50) 4 1 9 1 3 3 

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

W E S C A M A C T E A M 
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL 0 4 0 / 2 4 1 5 11 TLX 2 1 6 3 0 4 3 

C A M A C - C R A T E S 2 0 0 - 5 0 0 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

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

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUITPROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

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

WES-CAMAC-TEAM 
represented in Sw i t ze r land by 

CANBERRA-STOLZ AG Bel ikoner Str. 218 CH-8967 W i d e n - M u t s c h e l l e n Te le fon 057/54078 Telex 54070 

2 3 4 



SEN introduces a n e w standard 
in mul t iw i re and dr i f t -chamber 
high vol tage p o w e r supplies... 

H V 6 5 0 0 - H V 6 3 5 0 

These SEN units have been specifically designed for all types of 
chamber and incorporate far more comprehensive safety c i rcui t ry 
than is normally found in general-purpose high voltage systems. 

New standards in chamber safety : 

* < 30 V overshoot at ful l load 
5fc < 5 ms dynamic response t ime 
* < 1.5 1CT4 regulation 
5}c fast t r ip-of f on error detection 

dark current control 

New standards in chamber moni tor ing : 

;jc multi-parameter control - voltage, load current and dark current, 
l imi t voltage and l imi t current. 

% high moni tor ing accuracy - < 0.2% on voltages, 2% resolution on 
dark current. 

With dual range operation -0-50 / i A , 0-500 J U A , positive and negative 
6 KV operat ion, these supplies are ideal for both small and large 
chambers. 

Please contact our sales engineers for more details. 

France: 0RTEC Sari; 7, rue des Solets; Tel. (1) 687 25 71 - Tlx 202553F, F - 94 - RUNGIS - Germany: SEN ELEKTR0NIK GmbH; 
Postfach 223; Tel. 04 103 62 82 - Tlx 2189 548d, D - 2000 - WEDEL - DIDAS Digital Data System; Radspielstrasse 8; 
Tel. 089 91 67 10 - Tlx 529 167 d - D - 8000 MU EN CHEN 81 - Switzerland: SEN ELECTRONIQUE SA.; CP 39; 
Tel. (022)44 29 40 - Tlx 23359ch - CH - 1211 GENEVE 13 - SEN ELEKTR0NIK AG; Austrasse 4; Tel. (01) 945 51 03; 
Tlx 58257ch - CH - 8604 VOLKETSWIL - United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328.66744 GB KT168AP SURREY. - OFFICES THROUGHOUT THE WORLD. 
Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31 ; Tel (022) 44 29 40 - Tlx 23359ch - CH 1211 GENEVE 13. E L E C T R O N I Q U E 



CAMAC 50 OHM 

Fischer electr ic connectors, 50 Ohm, for Camac serie 
101 A004 (homologated by CERN-Geneva) . These 
connectors show the same character is t ics than all 
the wel l known FISCHER-Connectors wi th se l f lock ing. 

W . W . PISCHER 
I N G I z N I E U R - M O R G E S 

CH - 1143 Apples 

Pat. pend. 

Telephone (021) 77 3711 
T6lex : 24 259 f isch - ch 

i 
Chantiers modernes 

S.A. au capital de Fr. 3 0 0 0 0 O O O f 

8 8 , r u e d e V i l l i e rs 
9 2 5 3 2 L E V A L L O I S - P E R R E T - C E D E X 

T e l e p h o n e : 7 5 7 - 3 1 - 4 0 
T e l e x : 6 1 0 2 0 2 

Par is - B o r d e a u x - V i t r o l l e s - N a n t e s - Le Havre 
La R e u n i o n - L ib rev i l l e - P o i n t e - a - P i t r e 

A b i d j a n 

ACTIVE-PASSIVE ELECTRONIC COMPONENTS 

n SEC quality 
uPD 8080A 
uPD 8080AF 
uPB 8212 
uPB 8214 
uPB 8216 

4932 LOTZWIL TEL. 063/281122 TELEX 68636 
2 3 6 



These Multiscalers 
"video-ize" your data 

T w o remarkably inexpensive 
Mult i -sealers offer: 

• Simultaneous live display on a 
i 7 •stmt Video screen of 12 independent 

7-decade Scalers 

• Type 341- 100 MHz input resolution 

• Type 3 4 2 - 50 MHz input resolution 

$ ® 
veto » * r 

• One pre-settable counter 

m # # % • Parallel printer Output 

4 @ • System-independent 
(double NIM-module) 

@ @ ® A 

Dorer 
4500 SOLOTHURN 2 SWITZERLAND 
tel : 065/31 11 31 telex: 34228 

BB37BB9 
8 1 6 2 2 9 5 ' 
8 8 8 8 9 7 3 
8 8 2 3 7 4 7 
8 2 2 8 8 2 9 
8 8 1 7 2 8 3 
8 8 8 3 4 4 3 
8 5 2 2 2 8 4 
0 8 8 7 8 8 7 

JANNEY M E E T S T H E D E M A N D S O F T H E 
H I G H - E N E R G Y P H Y S I C S C O M M U N I T Y 

with Ultrahigh Purity, Ultrahigh Conductivity 
Wrought Copper Components 

Janney is the major source for ultrahigh-purity, 
wrought copper components for linear 
accelerators, vacuum tubes and cryogenic cable 
used in high energy physics programs; 
programs which have stringent 
requirements for: 
• Ultrahigh Conductivity 

(98102% IACS) 

• Excellent Brazing 
Characteristics 

• Shaped Wrought 
Geometries 

• Experienced 
Metallurgical 
Control 

• L 

• Vacuum Integrity 

Our engineering and production personnel 
have contributed to every major high-energy 
physics program since 1962. 
These specialists are available to provide 
metallurgical and design feasibility 
consultation on request. 

For further information or to discuss 
your particular requirements, write or phone: 

m J A N N E Y C Y L I N D E R C O M P A N Y 
h 7401 State Road, Philadelphia, Pa. 19136 U.S.A. 

^ Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA. 
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GEIMERATEUR DE F 

PUISSANCE HF r o h d e & s c h w a r z 

Type SMLH 

— M o d u l a b l e e n A M e t F M 

— G a m m e d e f r e q u e n c e 10 k H z . . . 40 M H z 

— R e s o l u t i o n 1 H z 

— E x c e l l e n t e s t a b i l i t e d e f r e q u e n c e 
e t p u r e t e s p e c t r a l e 

— N i v e a u d e s o r t i e : 2 W 

Representat ion generale 
et service 
pour la Suisse 

ROSCHI 3 0 0 0 B e r n e 3 1 ' p-°-B- 6 3 

- „ . Telex 3 2 1 3 7 

Telecommunication SA Telephone 031 442711 

fy{ Defectuosite du roulement 
a billes ? 

Surveil lance continue du roulement a billes avec 
le systeme S P M 3 2 qui accentue la surete en vue 
d'une defail lance de I 'equipement ou d'une 
perturbation inattendue de la marche du travai l . 

Nous vous donnons volontiers 
amples renseignements: 

Roth + Co. AG 
9244 Niederuzwil SG 
Tel. 0 7 3 - 5 1 68 68 

Hersteller: SPM Instrument AB, Strangnas, Sweden Instrument 

Specialiste des composants 
pour le VIDE et I'ULTRAVIDE 
bases sur les soudures verre-metal 

i l v e r e l e c 
vous propose 

/ N 

PASSAGES BASSE TENSION 
connecteurs JAEGER 1,5 KV/5A 
hublots 
d'observation 
passages de 
thermocouples 
raccords 
tubulaires 

NIVEAU ZERO 
STANDARD 
AMAGNETIQUES 

passages de 
courant 

RIGIDES 

SOUPLES 

En outre, notre activite ne se limite pas au 
materiel presente ici.une equipe de techni-
ciens se tient a votre entiere disposition 
pour etudier toute realisation sur plan ou 
toute modification du materiel standard. 

The latest techniches are used. 
Also we guarantee a perfect nightness. 
All our production is tested with helium. 
In addition our activity is not limited to the 
material presented here, a team of techni­
cians is at your entire disposal for studying 
any work from drawing or any modification 
of standard equipment. 

verelec 
9 1 , av. de Vil leneuve-Saint-Georges - 94600 Choisy-le-Roi 
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n i g h - „ i j ^ 
p e r f o r m a n c e 

p u l s e p r e a m p l i f i e r s 

* low noise 
* low cost 
* low power 
* wide bandwidth 
* high gain 

The m o n o l i t h i c TRA1000 and hybr id TRA510 are t w o new, h igh-
p e r f o r m a n c e pu lse p reampl i f i e rs by LeCroy, These p reamp l i f i e rs o f fer 
> 7 5 0 0 open- loop vo l tage ga in , 20 M H z b a n d w i d t h , low power 
d i s s i p a t i o n , c o m p a c t p a c k a g i n g , and inver t ing and non- inver t ing dua l 
o u t p u t s capab le of dr iv ing coax ia l or t w i s t e d cab le d i rec t ly . Bo th dev ices 
can be opera ted in e i ther a charge- to-vo l tage m o d e or a cur rent - to-vo l tage 
m o d e . In the cur rent m o d e the TRA1000 o f fe rs < 3 0 pAA/Rz r.m.s. input 
no ise c o n t r i b u t i o n . For u l t r ^ - low-no ise app l i ca t i ons , t he TRA510 w i t h i ts 
FET input s tage g ives < 3 pA/VRz r.m.s. input no ise pe r fo rmance . 

ideal for MWPC linear measurements 
and liquid argon chamber systems 

THE HARD WAY 

• • • • 
D E T E C T O R 

I N T E G R A T I N G 
P R E A M P L I F I E R 4TZ=> S H A P E R -tr 

E " L I ­

THE EASY WAY 

P R E A M P L I F I E R 

Quantity 
>10,500 

5,200-10,499 
1,300-5,199 
130-1,299 

10-129 
5-9 
1-4 

Model TRA1000 
$4.60 
$4.90 
$5.30 
$6.00 
$6.50 
$7.30 
$8.70 

Model TRA510 
$11.90 
$12.80 
$13.70 
$15.30 
$16.50 
$18.60 
$22.00 

NO SHAPER NECESSARY 
The excep t i ona l low-no ise p e r f o r m a n c e of the M o d e l s 
TRA1000 and TRA510 a l l o w s accu ra te d ig i t i za t ion of 
de tec to r s igna ls even w i t h o u t b ipo la r shap ing . Ac tua l 
tes ts in an expe r imen ta l env i r onmen t have proven 
c o m p a r a b l e pe r f o rmance for the TRA510/ ln tegra t ing A D C 
s c h e m e and the TRA510/Shaper /Peak A D C s c h e m e . The 
TRA510/ ln tegra t ing A D C s c h e m e not on ly s imp l i f i es the 
s y s t e m , but it is espec ia l l y use fu l for h igh -capac i tance 
de tec to rs , s u c h as l iqu id a rgon ion iza t ion c h a m b e r s , 
whe re the p reampl i f i e r s igna l - to -no ise rat io is o the rw ise 
degraded . Used w i t h e i ther s c h e m e , LeCroy 's new TRA 's 
prov ide h igh pe r f o rmance at low cos t . 

Cal l or wr i te LeCroy or your nearest sa les o f f i ce for de ta i l s . 

LeCroy 
RESEARCH S Y S T E M S ^ 

Innovators in Instrumentation 
Headquar ters : 700 South Main Street, Spr ing Valley, New York 10977; Phone: (914) 425-2000; Of f ices in: Palo A l to , Cal i forn ia ; Geneva, 
Swi tzer land; Heidelberg, W. Germany; Paris, France; Wheat ley , Oxford , England. Representat ives th roughout the wor ld . 
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Get high power RF generation, 
switch and regulator tubes 
for tomorrows accelerators 

and fusion machines 
from EIMAC today. 

When combined RF power generation and high voltage 
switching and regulation requirements for accelerators and 
fusion machines develop, you need off-the-shelf power tubes— 
not proposals. That's why EIMAC has developed the highest 
power tetrode product line available for these requirements. 
And that's why EIMAC is dedicated to a policy of continued 
development of new tube materials, rf tubes, switch tubes 
and high power circuitry for tomorrow's requirements. 

EIMAC high-current switch tubes with hold-off voltages 
up to 70 kV are ready right now and development of products 
up to 200 kV is underway. 

RF power tubes with up to 1250 kW anode dissipation 
and cavities at 50 to 110 MHz are alsaavailable at reasonable 
prices from EIMAC. For example: 

EXCITER 
EIMAC 

4CW50,000E 
AND CAVITY 

EIMAC 
X-2170 

AND CAVITY 
EXCITER 

r 
EIMAC 

4CW50,000E 
AND CAVITY w 

EIMAC 
X-2170 

AND CAVITY 

500 kW 
at 

55 MHz 

Because EIMAC is a leader in state-of-the-art high 
power tube development, EIMAC power tubes dominate the 
field of fusion power generation and related experiments in 
ERDA and world-wide national laboratories. For your high 
power needs, contact Varian, EIMAC Division, Attn: Tom 

Yingst, 301 Industrial Way, San Carlos, California 
94070 USA. Or any of the more than 30 Varian 

Electron Device Group Sales Offices 
throughout the world. 

varian 


