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First beams at PETRA 

It is not often that a new high energy 
physics machine is swi tched on, and 
even rarer for it. to be completed a 
who le nine months ahead of the 
original construct ion schedule. Here 
Gus Voss of DESY describes some of 
the excitement, in front and behind the 
scenes, of the first particles in PETRA. 

On Saturday 15 July at 2 2 . 3 0 the 
first stored beam was observed in 
PETRA, the new 19GeV electron-
positron storage ring at DESY, Ham
burg. This was the cl imax of some hec
tic and almost chaotic weeks, during 
wh ich the last vacuum chambers were 
mounted, shielding in experimental 
halls installed, power supplies con
nected, etc. On 14 July the 2.3 km tun 
nel was searched and closed and 
electron injection was started. A 
system of 32 scinti l lat ion screens and 
TV-moni tors al lowed the beam path to 
be fo l lowed on the f irst turn around the 
ring. W i th the help of these monitors 
and some steering coils a hotly 
debated question could be sett led — 

the integral number of betatron oscil la
t ions was correct, the Q-value seemed 
to be off by about 0.4 only. 

When the last screen was taken out 
and people braced themselves for the 
next turns, a water hose in the tunnel 
broke, empty ing a few hundred litres of 
water into the tunnel , thereby turning 
off all magnets. However, this had hap
pened before, and people knew how to 
deal w i th it. 

On 1 5 July injection was resumed 
and soon the second and third turns 
appeared. After the 20 th turn was 
veri f ied, the accelerating system was 
turned on. (Even at the low injection 
energy of 5 GeV f rom the DESY syn
chrotron during these trials, energy 
losses due to synchrotron radiation 
amount to 0.25 MeV / turn.) 

After some expert knob tw idd l ing , 
some few thousand turns could be 
seen and people faced the next ques
t ion — are the beam oscil lations 
damped or ant idamped ? In large 
electron storage rings damping de-

Celebrations in full swing 15 minutes after the 
successful storing of an electron beam in 
PETRA. The champagne bottles on the control 
console are not part of the standard operator's 
equipment. 

(Photo DESY) 

pends crit ically on the beam posit ion in 
the quadrupoles, and small variations 
in the accelerating frequency change 
the synchrotron radiation damping 
dramatical ly. In PETRA a relative f re
quency change of 6 x 10 " 6 , cor
responding to an average change of 
beam posit ion of 2 m m in the 
quadrupoles, wou ld be sufficient to 
ant idamp horizontal betatron oscil la
t ions. 

Had the surveying group worked ac
curately enough? When no progress 
was made beyond the 1000 th turn, the 
frequency knob was included in the 
' tune-up' , and indeed it helped. Just 
outside the expected stable frequency 
range, the beam suddenly stayed in the 
machine and could be seen over 
periods longer than a minute. 

This was the moment for the cham
pagne, cheers and smiles. Albert Hof-
mann f rom CERN and Helmut 
Wiedemann f rom the PEP group hap
pened to be there and joined the 
c rowd. When some enthusiasts, in-
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The first synchrotron radiation seen from a 
5 GeV electron beam stored in the PETRA 
electron-positron collider at DESY. 

spired by the champagne, tr ied to ac
cumulate current through repeated in 
ject ion, their actions were no longer 
always coherent and logical and were 
unsuccessful. This confusion must 
have been contagious, because when 
the news was sent out, many of 
DESY's contacts abroad got the 
German version of the te legram, whi le 
all the German officials got the English 
version. 

Several perplexing questions 
remained — why was the machine an-
t idamped at the correct frequency and 
w h y was the adjustment of all opt ics 
parameters so crit ical ? On the first at
tempt sextupoles had not been used. 
Slowly it dawned on the experts that 
the chromatic corrections were more 
important than originally realized — 
changes of damping parameters due to 
orbi t distort ions are far more violent in 
machines w i thou t chromat ic correc
t ions. 

This prompted the act ivat ion of the 
sextupole circuits, a very systematic 
f irst turn orbit correction using all 152 
moni tor stat ions, a f irst turn check on 
the chromatic i ty in both planes and 
many other things. Then on 18 July 
th ings seemed to be understood, after 
the electron beam was moved off the 
horizontal integral resonance of 2 5 
(why does one always land on integral 
resonances?) it stayed happily in 
PETRA w i th l i fet imes of 2 hours. 

Now suddenly everything behaved 
according to the book. Machine 
acceptances were good, beam cross-
section was as anticipated and most 
important of all, the machine wanted 
to operate on the exact theoretical f re
quency, indicating that the length of 
the circumference was correct to 
w i th in one mi l l imetre. 

On the next day, 2 0 July, injection 
was sufficiently understood to a l low 
accumulat ion, and the one single 
bunch circulating in PETRA could be 
increased to average currents of 3 mA 
(1.2 x 1 0 1 1 particles). This already 
compares favourably w i th the currents 

necessary for max imum luminosity at 
5 GeV (between 1 and 5 mA, 
depending on the optics) and is 1 5 per 
cent of the maximum design current. 
One day later acceleration in PETRA up 
to 8 GeV w i thou t particle loss was ac
compl ished, resonance plots were 
checked (no unpleasant surprises) and 
at the end of the first week PETRA 
looked like a good-natured electron-
positron storage ring. 

This was a great success for all the 
project groups work ing on PETRA. The 
optics group and the magnet people 
were happy that after all the confusion, 
Q-values were only off by 0 . 1 . The sur
veying group was proud that in the first 
half of the ring the first turn stayed 
w i th in 5 m m of the ideal orbit in both 
planes w i thou t any corrections and 
only in the more recently installed part 
of the machine were a few corrections 
necessary. The vacuum group was 
happy that nothing had been left in the 
chambers except a vacuum of 2 x 1 0 " 8 

torr, wh ich , even w i thout bake-out and 
in-situ gas discharge cleaning, permi t 
ted l i fet imes of t w o hours. The r.f. peo
ple were relieved that the first half of 
the transmit ters and one quarter of the 
cavities could be installed just in t ime 
and worked as expected producing 2 4 
MV (which should be good for energies 
close to 14 GeV). The control group 
got the highest praise for gett ing all the 
essential controls work ing al though 
they were able to move into the control 
room only six weeks ago. 

The management was happy that 
PETRA cost even less than the f igure 
quoted in the 1 9 7 4 proposal. All in 
f lat ionary price increases could be 
taken care of w i th in the original price 
tag, and the t w o years and nine 
months ' period f rom authorization to 
f irst stored beam was nine months 
shorter than that ment ioned in the 
1 9 7 4 proposal. 

This of course is a challenge for the 
experimenters, who according to the 
original schedule were supposed to 
start experiments by summer 1979 . 
But here too the timetable, has been 
advanced. The first detectors could roll 
into their posit ions for data-taking at 
the beginning of October (1978 that 
is). 

As everybody congratulates ma
chine specialists on a job wel l done, 
physicists now wa i t for their f irst 
gl impse of new fields of physics. If new 

, results at PETRA fo l low at the same 
rate as the construct ion schedule, then 
we shall all be in for an excit ing t ime ! 
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Weak interactions in harmony 

New results f rom different areas of 
weak interactions suddenly seem to be 
pull ing in the same direct ion. 

STANFORD 
A remarkable 
experiment 
As indicated briefly in the previous 
issue, an experiment at SLAC has suc
ceeded in seeing parity violat ing ef
fects in electron-nucleon scatter ing. 
These t iny asymmetr ies are the result 
of the delicate interference between 
weak and electromagnetic interactions 
and provide a deep insight into the un
derlying relationship between the 
weak and the electromagnet ic forces. 

The results agree w i th wha t has 
come to be known as the Weinberg-
Salam model , a picture wh ich unifies 
weak and electromagnetic interac
t ions. This, together w i th a weal th of 
data f rom neutr ino experiments, 
provides impressive evidence that the 
conventional descript ion of Nature 
w i th four kinds of force (strong, 
electromagnetic, weak and gravi tat io
nal), can be reduced to one w i th only 
three forces. 

Led by Dick Taylor and w i th impor
tant contr ibut ions f rom Charles 
Prescott and Charles Sinclair, the ex
per iment involved physicists f rom 
Yale, CERN, Aachen and Hamburg as 
wel l as SLAC. The results were an
nounced at a formal SLAC seminar 
(and not at a press conference as in
dicated in the stop press announce
ment in the previous issue of the 
Courier). 

In principle the experiment was s im
ple. A beam of polarized electrons of 
energy between 16.2 and 22 .2 GeV hit 
a l iquid deuter ium target, and the 
momenta of the inelastically-scattered 
electrons were analysed in a magnet ic 
spectrometer. The aim was to look for 
a variat ion in the rate of detect ion of 

these ejectrons when the polarization 
of the incoming electron was reversed. 

When v iewed in a mirror, an 
electron spinning r ight-handedly in the 
direct ion of mot ion appears to spin 
left-handedly. If an experiment were to 
detect that different results were seen 
for r ight-handed and left-handed 
electrons, this wou ld mean that a reac
t ion and its 'mirror- image' behave dif
ferently. 

Such violat ions of parity have long 
been known in charged current weak 
interactions where the part icipating 
particles permute their electric 
charges, but have only recently been 
sought in the neutral current interac
t ions where the electric charge of the 
lepton remains the same. To reveal the 
underlying theory, it is essential to pin 
down the parity violat ing effect for the 
neutral current. 

Previous experiments w i th muons 
and w i th electrons have searched for 
neutral current asymmetr ies, but have 
never reached the required level of 
sensit ivity. Parity violat ion has been 
seen in some atomic physics experi
ments (see June issue, p. 200) , but the 
results depend on complex atomic 
physics calculations. The results of the 
SLAC experiment are less open to 
question and give a cleaner indication 
of the subtle weak / electromagnetic 
effects w i th better statistical 
signif icance. 

Perhaps the principal feature of the 
experiment was the intense beam of 
longitudinal ly polarized electrons. 
Average polarization at the target was 
0 .37, and the beam intensity varied 
between 1 and 4 x 1 0 1 1 electrons per 
pulse, w i th 120 pulses per second. 
These polarized electrons were ob
tained by the interaction of laser l ight 
w i th special ly-treated gal l ium arsen
ide, and accelerated to high energy in 
the two-mi le linac. 

Initial work at ETH Zurich, the Ecole 
Polytechnique, Paris, and the US 
National Bureau of Standards showed 
that after the semiconductor gal l ium 

arsenide is irradiated w i th circularly 
polarized laser l ight, the radiation 
given off when the excited electrons 
move back f rom the conduct ion band 
to the valence band tends to be cir
cularly polarized. This shows that the 
conduct ion band electrons are 
themselves polarized. 

By coating the semiconductor w i th 
caesium oxide, the polarized conduc
t ion electrons become easier to extract 
and can be used as input for an 
electron accelerator. In this way, SLAC 
was able to produce high currents by 
replacing the usual thermionic cathode 
of the electron gun by the irradiated 
gal l ium arsenide device. 

To obtain the required statistical 
precision in a reasonable t ime, a flux of 
about a thousand inelastical ly-pro-
duced electrons per pulse was handl
ed by integrat ing the outputs of the 
phototubes, instead of count ing in 
dividual particles. 

As small changes in the posit ion, 
angle, intensity and energy of the 
electron beam could affect the results, 
a sophist icated beam monitor ing 
system using microwave cavities was 
employed. This measured beam posi
t ion to about 10 microns, energy to 
0.01 per cent and angle to 0.3 micro-
radians. 

Varying the polarization state of the 
incident electron beam produced a 
definite asymmetry in the recorded 
electron level of about one part in ten 
thousand, w i t h a greater yield coming 
f rom electrons w i th spin antiparallel to 
their direction of mot ion. 

This result agrees w i th the standard 
Weinberg-Salam model using a value 
for the mixing angle parameter in 
agreement w i t h most current neutrino 
experiments. 

The different mix of quarks in 
protons and neutrons means that a dif
ferent result is expected w i th a 
hydrogen target. A l imited amount of 
data taken at 19.4 GeV using a 
hydrogen target also gives a result in 
agreement w i t h the standard theory. 
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A new unity 
in physics 

While the theory which lies behind 
the unification of weak and 
electromagnetic interactions is 
usually associated with the names 
of Steven Weinberg and Abdus 
Sal am, it is worth remembering 
that this is in fact a saga which 
spans twenty years of modern 
theoretical physics. 

In this time, a host of theoreti
cians have slowly pieced together 
the framework to handle the 
problem. This story has been told 
before (see September 1977 is
sue, p. 271). In addition to the 
tremendous effort which went 
into developing the required 
theoretical tools, injections of 
physical insight were made by 
Sheldon Glashow, who first ap
plied ideas of spontaneous sym
metry breaking, and by Glashow, 
J. Iliopoulos and L. Maiani, who 
extended the Weinberg-Salam 
model to include the weak and 
electromagnetic interactions of 
hadrons as well as leptons. 

The picture we now have is of 
matter composed of pointlike par
ticles — leptons and quarks. Both 
these kinds of particle have spin 

one-half, and so have two possible 
spin states, which we may call 
right- and left-handed (the neu
trino appears to have no right-
handed form). 

The left-handed particles come 
in fours, each four being com
posed of a pair of quarks and a pair 
of leptons. The right-handed parti
cles do not group in this way and 
remain as singlets. One set of four 
left-handed particles — the up 
and down quarks, the electron and 
its neutrino — would be sufficient 
to describe an everyday world. Ad
ditional left-handed quartets — 
for example the strange and 
charmed quarks together with the 
muon and its neutrino — are re
quired to account for rarer hap
penings in high energy interac
tions. 

With this neat unification 
scheme, one small problem re
mains — to find a name for it. In 
the same way as Maxwell's equa
tions demonstrated the synthesis 
of electricity and magnetism into 
'electromagnetism', the Wein
berg-Salam model and associated 
ideas unite weak interactions and 
electromagnetism. As yet, nobody 
seems to have thought of a name 
for the new unity. 

Steven Weinberg (left) and Abdus Salam. 
Two of a whole throng of theoreticians. 

More data using hydrogen targets 
could be one of the next objectives for 
the beam. The investigation of 
electron-electron scatter ing, where 
the same behaviour need not neces
sarily be seen, is another possibil ity, 
al though this wou ld require an 
improved source of polarized 
electrons. 

OXFORD 
Well-behaved 
neutrinos 
Most part icipants at the Neutrino 
Conference held at Oxford in July must 
have come away w i th the impression 
that for the moment , at least, their un
derstanding of weak interactions in 
general and neutrinos in particular 
seems to be in good shape. 

As always, there are some question 
marks, but the overall picture seemed 
much clearer than it was about a year 
ago. At that t ime there were diff icult ies 
in account ing for antineutr ino results 
at higher energies, no parity violat ion 
at all had been seen for the neutral cur
rent outside the neutr ino area and mu l -
t imuon product ion was a bit of a 
mystery. Many different theoretical 
models were being put forward in the 
at tempt to solve some or all of these 
diff icult ies. 

The high energy antineutr ino 
problem vanished last year in a f lood of 
new data, and already this year new 
results have shown that parity looks to 
be violated in neutral current interac
t ions outside the neutr ino area in just 
the expected way. Mul t imuon results 
can now be accounted for by an un
spectacular mechanism. At Oxford, the 
stage was already set for a we l l -
behaved neutr ino. 

Inevitably there are puzzles. The ex
cess of neutr ino-electron scattering 
events seen in Gargamelle (see May is
sue, p. 151) is still there and taken on 
its own wou ld point to some new 
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physics. However at Oxford C. Baltay 
presented results f rom a Brookhaven/ 
Columbia experiment at Fermilab 
where neutr ino-electron events are 
seen in the 15-foot bubble chamber. 

Eleven such events are found in a 
sample of 1 0 6 0 0 0 charged current in 
teract ions, a rate wh ich agrees w i t h 
the standard model and w i th other 
accumulated neutr ino data. The 
Gargamelle experiment init ially saw 
ten events in 2 5 0 0 0 charged current 
interactions, where only a few wou ld 
be expected on the basis of the s tand
ard model . 

F. Romano f rom the Gargamelle co l 
laboration pointed out at Oxford that 
a cont inuing search for neutr ino-
electron events does not seem to be 
coming up w i th events so quickly now, 
al though the net result so far is still in 
excess of the standard model predic
t ion. 

Other bubble chamber experiments 
at BEBC at CERN and f rom Fermilab 
reported minimal numbers of ant i -
neutr ino-electron events in their sam
ples of charged current interact ion 
photographs. For these samples, the 

standard model predicts just one or 
t w o events. 

Despite having nothing directly to 
do w i th neutrinos, results f rom the 
SLAC experiment on polarized electron 
scattering and f rom the Novosibirsk 
atomic physics experiment (see June 
issue, p. 200) were described at the 
Conference. These displayed impres
sively the predictive power of the 
Weinberg-Salam model. 

A tomic physics experiments at Ox
ford and Seattle Universities, together 
w i th the Gargamelle results, still do not 
t ie in w i t h the Weinberg-Salam predic
t ions. However w i th at least some, if 
not al l , data on the various aspects of 
weak interactions in accord w i th 
standard theory, theorists now seem 
reluctant to look outside the W e i n 
berg-Salam picture. 

Reports f rom the major CERN and 
Fermilab neutr ino experiments in 
dicated that observed violat ions of 
scaling behaviour now seem to be in 
broad agreement w i th each other and 
tie in w i th quantum chromodynamics 
calculations. So w i th SU(3) looking 
good for quark/parton dynamics and 

w i t h SU(2) x U(1) agreeing w i th ex
per iments on all aspects of weak in
teract ions, Sheldon Glashow's sum
mary at Oxford claimed that the sym
metry secrets of Nature are w i th in 
sight. 

P. Bosetti presented evidence for an 
interesting bump between 1.8 and 1.9 
GeV in the negative muon plus positive 
pion spectra seen coming f rom 
neutr ino interact ions in BEBC. After 
making kinematical selections, data 
samples using the wide band neutr ino 
beam w i th a hydrogen target and the 
narrow band beam w i th a neon target 
both give the signal, wh ich does not 
show up for antineutr inos. An invi ta
t ion was issued to other neutrino 
groups to check out this bump, wh ich 
occurs at a similar mass to the charged 
heavy lepton seen in experiments at 
electron-positron storage rings. 

The overall picture f rom Oxford was 
a mass of results wh ich agreed w i t h 
current theory but only a few wh ich 
didn' t . On such a diet, it was easy to 
go away w i t h the impression that 
neutrinos are wel l understood. 

Projects galore at Brookhaven 
The high energy physics / accelerator 
scene at the Brookhaven National 
Laboratory has come very much alive 
this year w i th the approval of t w o big 
new projects — the 4 0 0 GeV proton-
proton storage rings, ISABELLE, and 
the faci l i ty for synchrotron radiation 
research, the National Synchrotron 
Light Source. 

For a number of years in the 1960s , 
Brookhaven was the finest high energy 
physics Laboratory in the wor ld . But 
the absence, for ten years, of further 
accelerator projects to improve the 
research facil i t ies inevitably led to the 
Laboratory being overtaken by others 
and halted the recrui tment of young 

new staff. However the init iat ion and 
construct ion of ISABELLE and the 
Light Source are already doing much 
to remedy this situation. 

The ISABELLE project has been 
covered several t imes before in the 
COURIER, and a detailed descript ion 
can be found in the report BNL 5 0 7 1 8 . 
The increase of the peak energy f rom 
the initial design figure of 2 0 0 GeV to 
4 0 0 GeV implies collision energies 
equivalent to a fixed target machine of 
3 4 0 0 0 0 GeV! This wi l l make whole 
new regions of uncharted physics ac
cessible w i th high luminosity ( 1 0 3 3 per 
c m 2 per s). Obvious topics for study are 
the variat ion of hadron total cross-sec

t ions w i th energy, hadron and lepton 
product ion at high transverse momen
t u m , the search for intermediate vector 
bosons and for Higgs particles and 
cont inued investigat ion of the quark-
gluon picture, w i th always, of course, 
the hope that unexpected new 
phenomena wi l l be seen. 

ISABELLE is specifically designed 
for the detai led study of these higher 
energy phenomena. Some signs of 
high energy behaviour wi l l no doubt be 
seen in other systems such as the 
proton-ant iproton colliders at CERN 
and Fermilab, but here available 
luminosit ies, experimental condit ions 
and compet i t ion w i th other machine 
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Physicists at the annual High Energy Discussion 
Group (HEDG) meeting at Brookhaven cluster 
around a model of the wide-angle half planned 
for the ISABELLE 400 GeV storage rings. 

(Photo Brookhaven) 

applications could preclude detai led 
investigations. 

ISABELLE has t w o interlaced rings 
of superconduct ing magnets side by 
side around a circumference of 3.8 km. 
This economy of space compared to 
the Fermilab and SPS 4 0 0 GeV 
machines results f rom the higher fields 
available w i th superconduct ing mag
nets. The magnet lattice has six-fold 
symmetry, giving six intersection 
regions for experiments. The super
conduct ing magnets, almost 1100 of 
t hem, wi l l provide a 5 T f ield using 
n iobium-t i tan ium wire and operat ing 
at a temperature of 3.8 K. The vacuum 
in the rings wi l l be about 3 x 10~ 1 1 

torn Injection wi l l be f rom the existing 
Al ternat ing Gradient Synchrotron 
(AGS) at 3 0 GeV using a beam transfer 
line drawn f rom the existing line serv
ing the 7 foot bubble chamber. Cir
culat ing beams of 8 A in both rings wi l l 
be built up in about half an hour. 

A recent change of the proposed in 

ject ion system has led to the ex
perimental regions being rotated 
clockwise around the ISABELLE cir
cumference by 30° so that injection 
takes place either side of a single ex
perimental region rather than into t w o 
separate experimental regions (see 
diagram). This involves bending the in
jected beams more severely, but this 
does not interfere w i th the exper imen
tal region and is more economical. 

The major technological challenge 
of the project is the mass-production 
of superconduct ing magnets of 
storage ring quality. In recent months, 
model magnets have confirmed that 
the field quality attainable is better 
than is needed (a few parts in 10 5 ) . 
Pulse to pulse stabil i ty is wel l mas
tered and the cryogenic systems look 
in good shape w i th losses in the 
magnets down to 4 W. 

However there have been problems 
in pushing the peak field as high as the 
design level — the magnets have been 

training only to around 4 T. It looks as 
though some small modif icat ions in 
the mechanical rigidity of the magnets 
have produced these l imitat ions, and 
the structures are now being t ightened 
up again. The f irst coils wound by com
mercial manufacturers look good. The 
aim is to have the coils produced in
dustrially and then to assemble the 
magnets at Brookhaven. The layout of 
the magnet product ion shop is now 
organized and bids are out to industry 
for a f irst engineering prototype' cell. 

It is expected that $ 2 3 mil l ion wi l l 
be made available for ISABELLE con
struct ion in the fiscal year start ing 
1 October. Ground-breaking for the 
project is planned before the end of the 
year, and the first port ion of tunnel to 
be built wi l l be that nearest the AGS. 
One uncomfortable feature of the 
construct ion schedule is that the 
t imescale has been extended f rom five 
to seven years to conform w i th bud
gets wh ich maintain a constant expen
diture on high energy physics in the 
face of big new projects. 

Input f rom the high energy physics 
communi ty for the design of ex
perimental areas and detect ion 
systems has been organized through 
the Brookhaven High Energy Discus
sion Group and through regular 
meet ings of people interested in 
storage ring experiments. 

A t the end of July, a workshop was 
organized to discuss detectors, data 
handling and experimental areas. Ex
perimental halls are presently assigned 
w i th t w o major facil i t ies, one for wide 
angle experiments and one for small 
angle experiments. Two halls have 
been left 'open' to adapt to develop
ments in physics and detect ion techni 
ques during the long construct ion 
schedule. 

New light on old problems 

Facilities in the USA for research using 
synchrotron radiation f rom electron 
rings received a considerable boost fo l -
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New layout of the ISABELLE 400 GeV proton-
proton storage rings at Brookhaven. Note the 
new configuration at the injection positions — 
now at a single intersection region where the 
hail for wide-angle measurements is to be 
located. Protons arrive at 30 GeV from the 
Alternating Gradient Synchrotron (AGS). Halls 
at three other intersection regions are already 
designated (two for major general-purpose 
facilities and one for small angle work) while 
the role of two others has yet to be decided. 

lowing the 1976 'Assessment of the 
National Need' carried out by a panel 
chaired by Robert Morse. Major exten
sions are being carried out at the ex
isting research centres at Wisconsin 
and Stanford, whi le a completely new 
facil i ty, the National Synchrotron Light 
Source, is being built at Brookhaven by 
a group of around 50 led by Arie van 
Steenbergen. It wi l l provide high fluxes 
of radiation both in the vacuum ultra
violet (VUV) and X-ray wavelengths. 

The source of the electrons is a 50 
MeV linac fo l lowed by a 7 0 0 MeV 
booster synchrotron wh ich feeds the 
VUV storage ring, operat ing at 7 0 0 
MeV, and the X-ray storage ring, wh ich 
further accelerates the electrons to 2.5 
GeV. Separating the t w o rings al lows 
VUV work to go on w i th a radiation 
spectrum peaked in that region and 
avoiding saturation of equipment by 
X-rays. The basic design of the system 
owes much to the work of the late Ken 
Green and Rena Chasman. 

Archi tect / engineering work has 
been' done. The X-ray ring design has 
changed f rom a sixfold to an eightfold 
structure and has been increased in 
size, a l lowing a wider spread of the 
emerging beam lines and more f lex
ibil ity in the straight sections for the in
stal lat ion of wigglers ' — port ions of 
high magnetic field to bend the 
electrons more sharply and give 
shorter wavelength radiation. This in
crease in size led to an annular-shaped 
bui lding. The wor ld 's most travelled 
linac, ex-Cambridge Electron Ac
celerator / Fermilab / Cornell, has ar
rived at Brookhaven for use in the l ight 
source and has been operated. It is 
now to be rebuilt. 

The ground-breaking ceremony for 
the project is scheduled for October. It 
is hoped that the VUV section of the 
building wi l l be completed rapidly so 
that construct ion of the smaller ring 
can start. The Light Source is due for 
complet ion by October 1981 at a total 

cost of $ 2 5 mi l l ion, w i th funds f rom 
the Department of Energy Material 
Sciences Program. 

Initially, at least ten beam lines wi l l 
be provided for experiments using the 
t w o rings and this number could swell 
to over 4 0 in later years. The user com
muni ty is likely to be very large and 
varied, w i t h as many as 5 0 0 scientists 
at the machine at any one t ime. The ex
periments are likely to exploit the con
t inuous tunabi l i ty of the intense radia
t ion over a w ide range of wavelengths. 

In addit ion to the many pure 
research topics which can now be 
tackled more thoroughly than w i th 
conventional radiation sources (solid 
state crystal lography, protein crystal
lography, EXAFS — the new absorp
t ion fine structure technique, diffrac
t ion studies, etc.), there are also prac
tical appl ications which could prove 
very important , and industry is already 
showing an interest in the Light 
Source. In particular, the use of X-ray 
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New layout of the National Synchrotron Light 
Source to be built at Brookhaven. The building 
for the X-ray storage ring is now to be annular. 
The multitude of light channels which could 
eventually be drawn from the X-ray and the 
vacuum ultra-violet (VUV) rings are indicated. 

l i thography for integrated circuit 
manufacture looks promising, and the 
potential for studying catalysis has 
brought a lot of at tent ion f rom the 
chemical and oil industries. The new 
project looks as though it wi l l shed 
light on many problems in more ways 
than one. 

From high energy to energy 

People at Brookhaven have also been 
work ing on energy problems where the 
accelerator technology developed for 
the high energy physics programme 
could make a major contr ibut ion. The 
t w o ends of the nuclear power 
spectrum, fusion (using heavy ion 
beams to implode deuter ium-t r i t ium 
pellets) and fission (using intense 
proton beams to generate neutrons for 
reactor fuel breeding), have been 
studied. 

A Heavy Ion Fusion (HIF) group un
der Al Maschke has been set up w i th a 

dozen people studying some of the 
problems wh ich can be tackled in com
paratively small experiments. They are 
building a small linac to check out a 
scheme for accelerating a high in ten
sity ion beam through a cavity 
operating at 2 MHz. A 5 0 0 kV high 
voltage supply is expected soon, and 
two 4 MHz transmitter power supplies 
are already on site. 

Several ideas to achieve economy 
and speed are being tr ied. One is a new 
column design w i thout the conven
tional inset ion source or resistor chain. 
Another is the use of Gabor lenses (a 
solenoid surrounding a cylindrical 
electrode wh ich sucks in electrons and 
provides focussing field gradients 
simultaneously in both dimensions). It 
is hoped to have the 2 MHz tank ready 
for operation wi th in a year, and to fo l 
low it by a 4 MHz tank. 

The aim of this work is to prove the 
'front end' ideas of a heavy ion ac
celerator suitable for achieving pellet 

fusion. A conceptual design for such a 
system was recently presented by 
Maschke in report BNL 5 0 8 1 7 . It uses 
50 mA sources of singly charged 
uranium ions (which looks feasible 
f rom isotope separator work) f rom 
5 0 0 kV columns into a first bank of 
eight 2 MHz Wideroe- type linacs. As
suming 2 0 mA out of each linac, the 
current is taken as 1 60 mA stripping at 
6 MeV w i th 5 0 per cent efficiency to 
produce doubly-charged uranium 
ions. The ions are fed through four l i 
nacs at 4 MHz and t w o at 8 MHz before 
the beams combine into a 4 8 MHz A l 
varez-type linac. Final linac frequency 
of 192 MHz is reached at 4 8 0 MeV 
prior to ten turn injection into a 2 km-
diameter 'mult ipl ier ' ring at an energy 
of 2 0 GeV. 

The beam is then concentrated into 
a 2 0 0 m diameter r ing, giving a total 
current ampl i f icat ion factor of a 
hundred, and transferred to one of 
eight accumulator rings. When all 
eight are f i l led, the beams are rapidly 
bunched beyond the space-charge 
l imit and simultaneously fired at a pel
let. The entire cycle takes about 7 ms 
and can be repeated f i f teen t imes per 
second. The system could service a 
series of pellet reactor vessels in se
quence. 

A tentat ive cost est imate i s $ 9 0 0 
mil l ion for the accelerator and beam 
transport systems. The ul t imate price 
of electricity generated by such a 
system wi l l be far more sensitive to 
pellet costs than to f luctuat ions in the 
accelerator costs. Maschke maintains 
that, given the scale of energy 
problems now looming over the wor ld , 
there is hardly any development cost 
wh ich can be deemed too high. 

Unfortunately these proposals are 
coming forward at a t ime when the US 
Department of Energy (DOE) is con
sidering major budget cuts for its f u 
sion programmes in fiscal years 1980 
and 1 9 8 1 . The Head of Research, John 
Deutch, has been asked to look at 
reductions of the budgets for magnetic 
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Fermilab looks to 
1000 GeV 

conf inement systems f rom $ 3 2 5 mi l 
lion in fiscal year 1979 to $ 2 3 5 mil l ion 
in fiscal year 1 9 8 1 , together w i th com
parable reductions in the budgets for 
inertial conf inement systems, running 
at $ 126 mil l ion in fiscal year 1979 . 

Fission studies 

The studies on the breeding of fuel for 
fission reactors at Brookhaven grew 
out of the work on an intense deuteron 
linac for producing 14 MeV neutrons 
to study the materials problems of f u 
sion reactors. The concept of such a 
linac originated in Brookhaven, but the 
construct ion project has been as
signed elsewhere. 

The use of intense neutron fluxes for 
breeding fissionable materials such as 
uran ium-233 or p lu tonium was a 
natural outcome of earlier neutron 
work. This application has been pur
sued by Pierre Grand of the Ac
celerator Department and by J im 
Powell and Meyer Steinberg of the 
new Nuclear Energy Department, 
headed by Herb Kouts w h o has 
enthusiastically encouraged the work. 
A 'Conceptual Design and Economic 
Analysis of a Light Water Reactor Fuel 
Regenerator' (BNL 50838 ) has recent
ly been edited by Grand and Kouts. 
This has emerged in the context of 
the DOE's Non-prol i ferat ion Al terna
tive Systems Assessment Program 
(NASAP) wh ich is a reaction to the 
worr ies about potential dangers in fast 
breeder reactors. 

The accelerator under consideration 
is a 1.5 GeV proton linac w i th a beam 
of 0.3 A bombarding a lead-bismuth 
target to produce 1 0 2 1 neutrons per 
second to irradiate a blanket of ferti le 
material wrapped around the target. 
This material could be spent uranium 
f rom existing reactors or thor ium to 
produce uran ium-233 to burn in con
ventional nuclear reactors. The report 
points out that though the concept is 
still untr ied, it is based on existing 
technologies. 

The emphasis at the Fermi National 
Accelerator Laboratory is now very 
much on achieving a research pro
gramme w i th 1000 GeV beams in a 
few years' t ime. Work on the super
conduct ing Energy Doubler is going 
ahead rapidly, l imited essentially only 
by the rate of funding, and the upgrad
ing of the experimental areas to take 
the higher energy particles is under 
way. 

Performance of the existing ma
chine has been poorer than anticipated 
this year — the main culprits being 
transformer failures during a bitter 
Winter and the disruptive effects of a 
series of 'fiscal shutdowns' wh ich have 
prohibited long runs under steady oper
ating condit ions where the machine 
could settle down. ' N o r m a l ' beam 
intensity is around 2 x 1 0 1 3 protons 
per pulse, but it is believed that 3 x 
1 0 1 3 is w i th in reach given a sett led 
period of machine development. 

Operation w i th negative hydrogen 
ion injection is now standard and so 

reliable that conversion of the stand-by 
proton source to produce ions is being 
considered. The source could give 1 0 1 4 

to the Booster, but the maximum 
achieved so far is 3.45 x 1 0 1 3 . The 
l imitat ion in Booster acceptance 
seems to be the vertical aperture of a 
septum, wh ich wi l l be circumvented by 
introducing a 'dog leg ' . This should 
al low over 4 x 1 0 1 3 through the Boost
er, wh ich , given the usual losses on 
transfer, etc., should yield over 3 x 1 0 1 3 

f rom the Main Ring. 
The machine is operated normally at 

4 0 0 GeV but it can now run reliably at 
4 5 0 GeV. It is hoped to push this to 
4 7 0 - 4 8 0 GeV during the Winter. Run
ning at 5 0 0 GeV really strains the 
accelerator to its l imits and is unlikely 
to become a reasonable proposit ion for 
regular operat ion in the near future. 
There is particular interest in using 
these highest possible energies for the 
neutr ino experiments, where the com
peti t ion f rom CERN has become too 
fierce at existing energies. 
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Installation of a superconducting Energy 
Doubler magnet threaded through the stands of 
the conventional magnets in the Main Ring at 
Fermilab. Some 20 of these dipoles are now in 
place and it is hoped to run protons through 
them before the end of August. A complete 
sector is scheduled to be in place by the end of 
the year. 

(Photo Fermilab) 



In the coming months, most of the 
Fermilab experimental eggs are going 
into the neutrino basket, as the Meson 
Laboratory is to undergo a six-month 
' Mesopause ' while conversion work is 
begun in readiness for 1000 GeV. At 
the same time, beam will be split bet
ween up to three targets, and extensi
ve construction work is under way in 
the Proton Laboratory. 

A new neutrino detector with about 
1200 tons of instrumented apparatus 
is coming into action for an experiment 
by a Caltech / Fermilab / Rochester / 
Rockefeller collaboration led by Barry 
Barish. It has a non-magnetic front 
section of 700 tons of 5 cm-thick steel 
plates interleaved with a hundred scin
tillation counters, each 3 m square, 
which collect light from the edges and 
can give positional information to a 
few centimetres through the attenua
tion of light in the scintillator. It is fol
lowed by about 500 tons of rather 
coarse-grained toroids. 

Behind this detector is the 1 5-foot 
bubble chamber, now happily emerg
ing from recent set-backs. The instal
lation of plates to aid gamma detection 
was not successful because of unac
ceptable turbulence, and too low a 
helium level in the magnet cryostat 
caused the superconducting magnet 
to quench. 

Both detectors hope for great new 
things from a refurbished dichromatic 
neutrino beam which is now compa
rable in intensity and momentum reso
lution to the excellent beam at CERN. 
The emphasis in the new beam has 
been on the reduction of the 'opposite 
sign' background (for example cutting 
down on the neutrinos in an antineutr-
ino run) and on pushing the energy of 
the secondary particles higher than 
that achieved anywhere before. Initial
ly it is operating with 300 GeV second
aries, and when the accelerator moves 
towards 500 GeV in the Winter, it is 
hoped that secondaries near 400 GeV 
can be produced. 

Two novel detection systems in the 

Functional structures have a habit of becoming 
elegant at Fermilab. This one is to dispel the 
heat generated in any quench of the 
superconducting Doubler magnets installed in 
the ring. 

(Photo Fermilab) 

Meson Laboratory hope to collect sota / Rochester collaboration, led by 
some data before the onset of the Tom Ferbel, has brought into action 
Mesopause. A Berkeley / Fermilab / the first liquid argon units to be operat-
Yale collaboration, led by Jack Sand- ed at Fermilab. 
weiss, has developed a high resolution The Mesopause will see the intro-
high pressure streamer chamber to duction of superconducting Energy 
look for short-lived particles. The Doubler magnets (the 'left bend' pro-
chamber is only a few centimetres in ject) for use with higher energy beams, 
diameter and can measure tracks and a beam split so that two targets 
down to 10-20 |jm. Using some spe- can receive protons simultaneously 
cial optics, this experiment could see (rather than drawing all beams from a 
charmed particles. A Fermilab/Minne- single target as at present). The M6 
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beam line wi l l be upgraded to 4 0 0 GeV 
using superconduct ing magnets and 
should be ful ly operational in 1980 . 
M1 is scheduled for upgrading to 1000 
GeV in 1981 if the Doubler magnets 
are good enough to take beam over 
almost their full aperture. 

In the Proton Laboratory, refurbish
ing of 'proton west ' is wel l advanced 
and should be in use for experiments 
again in October. It has one supercon
duct ing Doubler magnet direct ing the 
beam onto the target. A Chicago / Prin
ceton team wi l l be looking at muon 
pairs and hoping to clarify 
their quark-ant iquark composi t ion. A 
Princeton team led by Val Fitch wi l l be 
looking at D decays and searching for 
new CP violations. A Fermilab / Mich i 
gan / Athens team led by Brad Cox wi l l 
be looking at muon pairs using an ant i -
proton beam. 'Proton east ' is the 
scene of construct ion work to install a 
mult ipart icle spectrometer in the pho
ton b e a m . ' Proton cent re ' is scheduled 
for a hyperon beam. 

The Tevatron, Doubler / Saver 
and Colliding Beams 

The Tetravon project wi l l double the 
peak energy of the accelerated pro
ton beams at Fermilab f rom 5 0 0 GeV to 
1 TeV. This wi l l be done by install ing a 
new ring of about a thousand super
conduct ing magnets underneath the 
existing ring of conventional magnets. 

As wel l as doubl ing the available 
energy, this superconduct ing ring wi l l 
reduce considerably the energy re
quired to power the magnets. It is est i 
mated that one year of operations 
at 5 0 0 GeV, now cost ing about 
$ 15 mi l l ion, could be carried out for 
$ 4.6 mil l ion. 

The full Tevatron project requires 
the upgrading of the beam transfer 
systems and the experimental areas to 
take 1000 GeV protons. As there wi l l 
be t w o rings close to each other, col l id
ing beam experiments wi l l be possi
ble. Proton-ant iproton, proton-proton 

and- proton-electron schemes have 
been studied. The Tevatron project is 
est imated to cost $ 74 mil l ion of 
wh ich the Energy Doubler itself is 
some $ 39 mil l ion. 

The focus of the project is, of course, 
the product ion of the 22- foo t long 
superconduct ing dipole magnets to 
produce fields of 4.5 T for 1 TeV beam 
(compared to the conventional 
magnets producing 2.25 T) and to give 
field quality good enough to accelerate 
and store proton beams. 

Fermilab has approached this prob
lem f rom virtually the opposite point 
of v iew to the ISABELLE project at 
Brookhaven both in terms of the 
magnet design (cold bore and wa rm 
iron) and the development technique. 
Magnets are produced according to a 
prel iminary production design, and 
have been subsequently refined. This 
enables convincing statistics to be 
built up on the performance of many 
magnets so as to sort out the inter
related parameters affecting perfor
mance. 

Wel l over a hundred magnets have 
been built, and are consistently taking 
currents over 19 per cent of the short 
sample value, achieving peak fields 
over 4.5 T w i th little training. There is 
no sign o f ' a m n e s i a ' — once a magnet 
is trained to high f ield, it goes on to 
achieve high field on all subsequent 
pulses. Several troubles remain — t h e 
heat losses on pulsed operation are 
often higher than the design f igure, 
quench protect ion could be further 
improved, and the field configurat ion 
may not yet be good enough for stor
age ring operation. 

All these problems are being attack
ed. The latest series of magnets is 
being built w i th a variety of wire coat
ings and insulation to see if increased 
strand to strand resistance wi l l reduce 
the a.c. losses. The 'he l ium inventory ' 
is being reduced so as to cut down the 
amount of helium gas to dispose of in a 
quench, and the venting for the gas is 
being increased. 

To help w i th f ield conf igurat ion, t w o 
changes have been made in the ' co l 
lar ' wh ich holds the 22- foo t coils in 
place. Type IV horseshoe collars had 
interleaved gaps along the median 
plane wh ich may have produced ell ip
tical deformat ion of the coils when 
they were powered, and contr ibuted to 
a quadrupole component in the f ield. In 
addi t ion, fat igue tests had shown the 
possibil i ty of failure after ten mil l ion 
cycles w i th this type of collar. 

Type V collar has no gaps and 
should reduce these effects. Also the 
collars are now assembled f rom 1.5 
mm-th ick stampings which are stack
ed and welded. In the previous ma
chined castings the necessary to leran
ces over the full magnet length could 
not be sustained. The stampings can 
be produced w i th a precision of 
0 .0125 m m which enables the collar 
to be assembled so as to l imit coil mo
vement to 0.75 m m . 

The extent of the good field aperture 
wh ich wi l l be necessary for storage 
ring operat ion is debatable. However 
the Fermilab team believes that the 
magnets are good enough for acceler
ation to 1 0 0 0 GeV and slow extrac
t ion at these energies. In the near fu tu 
re this wi l l be tested directly by inject
ing protons f rom the Main Ring. 

There are some 2 0 dipoles and five 
quadrupoles installed in the Main Ring 
tunnel and beam wi l l be taken through 
these during August. Before the end of 
the year, a full sector (a sixth of the 
ring) of 129 dipoles and 32 quadru
poles wi l l be in place. By running a dif
ferent orbit , beam wi l l be taken 
through the sector, bypassing that part 
of the Main Ring. If construct ion 
money continues to f low and the 
expected rhythm of magnet production 
is achieved, the Doubler is scheduled 
to be brought into operation in 1 9 8 0 -
8 1 . 

The refrigeration system required to 
operate the first full sector is already in 
place. Work on the huge central hel ium 
liquefying plant (wi th a l iquefying 
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Around the Laboratories 

capacity tw ice that now available in 
the entire world) is wel l in advance of 
the rest of the project. The cold box and 
compressors are in place and the 
control system is being instal led. 
Because it is so advanced, work has 
been largely halted so as to divert 
money and manpower elsewhere 
during the current fiscal year. 

On the coll iding beam front, most 
emphasis is on the proton-ant iproton 
scheme. The small electron cool ing 
ring was scheduled for complet ion on 
7 August and electron cooling tests 
should start in October. A col laboration 
w i th Novosibirsk on electron cool ing 
has started. Also it is hoped that a co l 
laboration w i th accelerator specialists 
at Berkeley wi l l begin work on stochas
tic cool ing, since the addit ion of these 
techniques should increase signif icant
ly the available luminosity. 

The cooling project is being mount 
ed w i t h great enthusiasm and the link 
w i th the Main Ring wi l l soon be pre
pared. A coll iding beam intersection 
region wi l l be completed during the 
year to receive a solenoidal detector 
being developed by a col laboration led 
by Alvin Tollestrup. 

Diagram of the large magnetic detector, about 
3 m long, being built for the Cornell electron-
positron storage ring CESR by a Cornell / 
Harvard / Rochester I Rutgers / Syracuse / 
Vanderbilt collaboration. 

CORNELL 
CESR progress 
Construct ion of the Cornell Electron 
Storage Ring, CESR, is going ahead 
rapidly so as to begin physics w i th co l 
l iding beams soon after the start-up of 
the PETRA storage ring at DESY. CESR 
aims to fill the energy gap between the 
existing SPEAR (SLAC) and DORIS 
(DESY) rings, which are below 5 GeV 
per beam, and the imminent PETRA 
and PEP (Berkeley/SLAC) rings, wh ich 
wi l l have their peak luminosit ies 
around 15 GeV per beam. 

CESR wi l l have its highest lumi 
nosity ( 1 0 3 2 per c m 2 per s) at 8 GeV 
per beam, but to begin physics quickly, 
it wi l l come on next year at 
5 GeV. Of obvious interest is the 
centre-of-mass energy region around 
10 GeV, where coll iding electron-po
sitron beams are likely to yield much 
more detai led information about the 
new upsilon states than is possible 

w i th fixed target machines. CESR was 
authorized for construct ion at a total 
cost of $ 2 0 mil l ion during fiscal years 
1 9 7 8 - 8 0 (October 1977 to Septem
ber 1980) . It is being built in the tunnel 
of the 12 GeV Cornell electron syn
chrotron wh ich is to be used as injec
tor. This keeps down both cost and 
construct ion t ime. 

The project required an upgrading of 
the linac to provide sufficient positron 
beam intensity. This has been done by 
adding a piece of the former Cam
bridge Electron Accelerator linac on 
the front end, and this is now installed 
and work ing. T w o more cooling towers 
are being provided to take the heat 
load of the addit ional magnets and r.f. 
cavities and, of course, a complete 
new ring for beam storage is being 
built. 

The ring has 156 dipoles, 98 
quadrupoles, 7 4 sextupoles and some 
special magnets spread around the 
7 7 0 m circumference. Most of them 
are already instal led, though not all yet 
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wi th their coils in place. The dipoles 
provide a 3 T f i e l d fo r 8 GeV beams, ex
cept for a few magnets wh ich handle 
abrupt bends. Vacuum chambers, w i th 
a cross-section like the PETRA and 
PEP types, are now available in quan
ti ty. To ensure a beam l i fet ime of some 
ten hours, a vacuum of 1 0 " 8 torr is re
quired. A prototype r.f. cavity has been 
built and operated, and the t w o final 
versions are under construct ion. These 
are the 14 cell cavities operat ing at 
5 0 0 MHz to provide 2 M W peak power 
to compensate for the losses at 8 GeV. 

Work on superconduct ing r.f. 
cavities has not stopped at Cornell, 
despite the pressures of CESR con
struct ion. A different cavity structure is 
being tr ied to c i rcumvent the mul t ipac-
tor ing (breakdown) problems en
countered w i th the 'muf f in- t in ' struc
ture f rom wh ich good results were ob
tained several years ago. The new 
structure, called the 'easitron', has 
protruding parallel bars rather than the 
orthogonal bars of the 'Jungle J im ' 
structure used in the conventional syn
chrotron cavities. The hope is that the 
electrons wi l l f ind the electric f ield con
f igurat ion so compl icated that they wi l l 
never work out how to mul t ipac tor ! 
Peter Kneisel f rom Karlsruhe, is jo ining 
the Cornell effort for a year. 

To achieve the design luminosity, it 
is necessary to have a circulating 
bunch containing 1.5 x 1 0 1 2 particles in 
each beam. The diff iculty is, of course, 
to attain the positron intensity, and an 
injection scheme, known as 'vernier 
phase space compression' has been in
vented by Maury Tigner. Positrons 
produced in the linac are injected into 
the synchrotron at 2 0 0 MeV, ac
celerated to storage ring energy in 6 0 
bunches and transferred to CESR. This 
is repeated at 60 Hz unti l the required 
circulating intensity is reached. 

Bunch number one is then deviated 
back through the synchrotron and is 
advanced in phase before rejoining 
CESR, due to the different path length 
it fo l lows relative to the storage ring. 

Bunch two fo l lows the same route, 
going an additional circuit around the 
synchrotron so that it joins bunch one 
on reinjection into CESR. Bunch three 
goes round three t imes, and so on, un
ti l all 6 0 bunches are brought together 
into a single bunch. The total injection 
process for positrons takes about t w o 
seconds. 

An alternative accumulat ion tech
nique has been worked on by R. 
Talman, using longitudinal phase 
space stacking, and this could be used 
if the vernier method initially proves 
diff icult to master. It takes about three 
t imes longer than the vernier techni 
que. Tests on beam transfer between a 
protosector of CESR and the syn
chrotron were successfully carried out 
at the end of last year. 

The two circulating bunches ob
viously can collide in t w o locations 
around the ring. The main exper imen
tal region wi l l be in the South Area, 
where there is 5.3 m of space between 
CESR and the synchrotron, by in
t roducing a bulge in the storage ring 
orbit. An eight-metre square pit has 
been dug five metres below the beam 
height to accommodate a large 
general-purpose magnetic detector 
being built by a Cornell / Harvard / 
Rochester / Rutgers / Syracuse / 
Vanderbi l t collaboration to look at, for 
example, electron-positron annihi la
t ion cross-sections and the leptonic 
decay of new particles. The detector 
wi l l have good energy resolution for 
photons and good particle identi f ica
t ion capabil it ies over a w ide angular 
range. 

Initially, the detector wi l l operate 
w i th an aluminium solenoidal coil 3 m 
long, now ready, but a thin supercon
duct ing coil may replace it later, 
providing a 1.5 T field inside the 1 m 
radius solenoid. Inside the coil and i m 
mediately around the beam pipe is a 
cylindrical proportional chamber (built 
by Syracuse) to give the interaction 
coordinate along the beam direct ion. 
Then there is a large 1 m radius 

cylindrical drift chamber (Cornell) w i th 
thousands of sense and field wires, like 
the SLAC Mark II detector, to provide 
posit ional accuracy down to 120 
microns. This impressive unit is 
scheduled to be strung w i th wires at 
the end of September. 

Outside the coil is another propor
t ional chamber (Syracuse) fo l lowed by 
particle identi f ication modules, 1 m 
deep, a t ime of f l ight unit (Harvard), 
gamma detectors, again 1 m deep 
(Rutgers) and an iron shield interlaced 
w i th drift chambers for muon detec
t ion. The detector outside the coil is 
in independently-removable octants. 
Initially t w o of these wi l l have 
Cherenkov counters (Harvard) as the 
particle identif iers and six of them wi l l 
have dE/dxdetectors (Cornell / Vander
bilt) operat ing at five atmospheres 
pressure and w i th 120 sampling sec
t ions as the particle identif iers. An oc
tant is scheduled to be assembled in 
the Au tumn. 

In the North Area the space 
available for installation of a detection 
system is not so great; It wi l l be used 
by a Columbia group w i th a sodium 
iodide / lead glass system and no 
magnetic f ie ld, w i th the emphasis ob
viously on photon detect ion. 

Some dismant l ing of the syn
chrotron was necessary for the instal
lation work w i th the new storage ring. 
Reassembly wi l l be complete by the 
end of October so that it can be 
operated again. A month later there 
wi l l be tests of injection and ejection 
into and f rom the North section of 
CESR, wh ich wi l l be ready for beams. 
The complete ring wi l l be ready to 
receive its first particles in the spring of 
next year. This is a remarkably fast 
construct ion schedule and a credit to 
the mot ivat ion and ability of the com
paratively small group at Cornell led by 
Boyce McDaniel . 
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CERN 
Nuclear radiography 
looks good 
In an important spin-off development 
f rom high energy physics inst rumenta
t ion techniques, results f rom a CERN / 
Saclay col laboration have clearly 
demonstrated the possible usefulness 
of Nuclear Scattering Radiography 
(NSR) for medical and biological work. 

These results show that the detec
tors and instrumentat ion developed for 
NSR have now reached the stage 
where the potential advantages of 
NSR over conventional X-ray techni 
ques for clinical examinations are 
w i th in reach. 

In principle NSR has the major ad
vantage of being able to handle the 
examinat ion of a three-dimensional 
object in a single irradiation. Conven
t ional X-ray tomography supplies in 
format ion on a two-d imensional slice, 
so that three-dimensional examina
t ions can only be achieved by exposing 
successive slices. 

However different types of radiation 
have different interactions and it was 
not clear, for a given acceptable dose, 
how the information obtained using 
the t w o methods could be compared. 
Recent experiments w i th human t is
sues now show that the potential ad
vantages of NSR techniques are at
tainable. 

The problem w i th NSR was that ex
ist ing equipment could not record and 
handle data fast enough to achieve a 
realistic exposure t ime. However re
cent progress in instrumentat ion 
shows how to handle the f lood of data 
during the short irradiation periods 
permit ted in clinical work. 

Instead of relying on absorption ef
fects, as in X-ray work, Nuclear Scat
ter ing Radiography exploits the wide 
angle scattering of an incident proton 
beam w i th the nuclei of the target 
material. 

Each scattered particle is picked up 
by mul t iwi re proportional chambers 
surrounding the subject and its posi
t ion measured. This enables the posi
t ion of the coll ision w i th the target 
nucleus to be determined. By amas
sing suff icient data f rom these scat
tered particles, the nuclear density of 
the target is obtained, so revealing the 
inner structure of the target. W i th an 
on-l ine computer, the data f rom the 
same irradiation can be used to obtain 
different V iews ' of the subject f rom dif
ferent angles or at various depths. 

Another advantage of the NSR 
method is its abil ity to dist inguish 
between different types of nuclei. This 
is done by detect ing subtle differences 
in scattering behaviour such as the 
variat ion between the true elastic scat
tering of protons on hydrogen and the 
quasi-elastic scattering of protons 
w i th nuclei, wh ich is affected by the 
Fermi mot ion of the const i tuent 
nucleons. To enable the method to be 
used clinically, the detectors and in 
strumentat ion have to be able to han
dle the data on the scattered particles 
as quickly as possible. An op t imum 
performance figure for realistic opera
t ion w i th a patient wou ld be about 1 0 5 -
1 0 6 scattering events per second — 
much faster than anything possible us
ing conventional laboratory equip
ment. The aim is to take data in just a 
few minutes and obtain a full analysis 
so that a diagnosis can be made wi th in 
about five or ten minutes. This poses 

Comparison of radiographs of slices through a 
human head using X-ray tomography (left) and 
the new nuclear scattering radiography method 
(right). A/though the nuclear method appears to 
show details not visible on the X-ray scan, their 
authenticity has still to be checked out. The X-
ray scan, which can only deal v^ith one slice at a 
time, requires a dose of 2 rad while the proton 
scan, which amasses data on the whole head, 
needs a dose of only 0.3 rad. 

special problems for memory and for 
readout. 

To achieve the required speeds, 
special purpose hardware is required 
to calculate the coordinates of each 
scattered particle in a fract ion of a 
microsecond, and this information is 
stored in a buffer before being passed 
to a PDP-11 computer. 

This important project is under way 
using a Saturne beam at Saclay fo l low
ing successful init ial tests w i th human 
tissues at the CERN PS. Radiographs 
have been obtained of a succession of 
slices of a human head preserved in 
formal in, and compared to the same 
slices taken w i th an EMI X-ray scanner 
at Marseil le. 

The radiation dose in the proton 
radiography is only 0.3 rad against 2 
rad for that of X-rays. The new in
strumentat ion aims at handling data 
f rom the same dose of protons in a few 
minutes and then comparing the t w o 
methods in a series of clinical examina
t ions using living patients. 

The main drawback of the method is 
the restricted availabil i ty of proton 
beams. However NSR requires proton 
beams which are crude by high energy 
physics standards — only about 1 GeV 
in energy and w i t h effectively no re
quirement for energy resolution. This 
contrasts w i t h the need for highly 
monochromat ic beams in proton ab
sorpt ion radiography — another can
didate method for making clinical ex
aminat ions. 
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Such a proton machine could be 
built relatively cheaply or made 
economical ly by convert ing an existing 
machine. It wou ld enable a dozen or so 
patients to be examined s imul taneous
ly, and could provide a valuable ad
dit ional facil i ty for clinical diagnosis 
and research to complement the 
capabil it ies of X-ray tomography 
equipment. Before any large-scale 
NSR facil i t ies can be built, the relative 
merits of NSR and X-ray methods have 
to be compared in detai l . This is the ob
ject ive of the next round of experi
ments. 

Hyperon beams 
One of the unique features of the 
experimental programme at the SPS 
4 0 0 GeV proton synchrotron is the 
high energy hyperon beam used by a 
Bristol / Geneva / Heidelberg / Orsay / 
Rutherford / Strasbourg col laboration 
to study rare baryons such as the 
omega minus. 

The discovery of the omega minus 
at Brookhaven in 1 9 6 4 provided the 
missing link wh ich f inally established 
the SU(3) model as the definit ive clas
sif ication for hadrons. However up to 
this year, a total of only about 160 
omegas had been seen anywhere. 
These scanty results gave conf l ict ing 
measurements of the l i fet ime of the 
particle and very l i tt le information 
about decay modes. 

Initial runs w i th the SPS in 1977 
showed that a signif icant f lux of 
omegas was being produced, and now 
the first results are available. W i th the 
SPS hyperon beam, some 1 7 0 0 exam
ples of omega decays have been seen, 
giving a tenfold increase in the 
available wor ld statist ics on this rare 
hadron. 

This is incidentally the first t ime that 
omegas have been detected electro
nically, and the first t ime they have 
been seen in proton-proton coll isions. 

Previous bubble chamber experiments 
used meson beams (usually kaons). 

Hyperons are produced when a 2 1 0 
GeV/c proton beam f rom the SPS 
strikes a primary target. Magnet ic 
fields separate out the fo rward-
produced hyperons in an eight per cent 
momentum bite centred around 98.5 
GeV/c. For every 3 x 1 0 1 0 protons 
received on target, about 4 0 0 0 
sigmas, 4 0 0 ksis and 0.1 omegas are 
produced, and a DISC counter selects 
out the different types of particle. 

The omega decays weakly in a 
number of different ways, the most 
common of wh ich (accounting for 
about two- th i rds of the decays) 
produces lambda particles and 
negative kaons. The other main decay 
modes produce ksi particles and pions. 

The l i fet ime of the omega has been 
determined using the predominant 
lambda / kaon decay mode, and a sam
ple of 1400 events shows that the 
omega lives for 0.82 x 10 " 1 0 s . 

No examples have been found of 
decay into a lambda and a p ion, wh ich 
wou ld represent a jump in strangeness 
of t w o units, forbidden by conventional 
selection rules. A few candidate events 
have been found wh ich might corres
pond to semileptonic decay producing 
a ksi, an electron and a neutrino. 
Provisional results indicate that these 
semileptonic processes represent 
about one per cent of the total decays. 

The experiment makes complete 
measurements on all the particles 
produced through the lambda / kaon 
decay mode of the omega (the lambda 
subsequently decays into a proton and 
a pion). By using information f rom the 
lambda decays, physicists can deter
mine the asymmetry of the decay of an 
omega about its spin polarization axis 
w i thou t having to worry directly about 
the polarization of the omega. This 
asymmetry parameter measures the 
level of parity violat ion in the decay. 

Very litt le asymmetry is found, and 
the result agrees w i th theoretical 
predict ions. Previous at tempts to 

measure the angular distr ibutions of 
this decay used only very small sam
ples and had signif icant errors. 

One of the next tasks for the experi
ment is to determine the spin of the 
omega. This is predicted by the SU(3) 
model to be 3 /2 , but has in fact never 
been accurately determined. If the 3/2 
predict ion is not conf i rmed, this wi l l be 
a gigantic step backwards for the 
SU(3) model . 

This experiment mirrors the fast rate 
of development in high energy physics. 
Just fourteen years ago, the omega 
minus was a curiosity, and it required a 
considerable experimental effort just 
to observe a single particle in a bubble 
chamber. Now these rare hyperons can 
be focussed into beams and monitored 
by e lect ronics! 

Antiprotonic hydrogen 
turns up 
A Daresbury / Mainz. / TRIUMF col
laboration work ing at the 2 8 GeV 
CERN Proton Synchrotron has made 
the f irst observations of spectral lines 
f rom ant iprotonic hydrogen — atoms 
in wh ich a proton and an ant iproton 
orbit round each other under the in
f luence of the electromagnetic force. 

The study of such exotic atoms in 
wh ich the usual orbital electrons of 
everyday atoms are replaced by 
heavier negatively-charged particles, 
such as pions or kaons, has long been a 
speciality at CERN. These atoms are 
formed when beams of the negatively-
charged particles are steadily at
tenuated in a target, and particles even
tually move slowly enough to be cap
tured by individual atoms. 

A l though these exotic atoms are 
governed by electromagnetic forces, if 
the heavy negative particle is a hadron 
there are addit ional effects due to 
strong interactions. These can become 
appreciable, especially for the inner 
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Cherenkov counter of diameter 60 cm, made up 
of a mosaic of silica aerogel blocks 5 cm thick, is 
seen here mounted during vibration tests 
designed to assess its suitability for use under 
space research conditions. 

(Photo Sac/ay) 

atomic orbits where the orbi t ing part i 
cle passes close to the nucleus. Com
parison of the behaviour expected f rom 
electromagnetic effects alone w i th the 
observed details of the spectral lines 
therefore gives important informat ion 
on the strong interactions. 

Spectra f rom antiprotonic atoms 
were first observed at CERN back in 
1 9 7 0 , and since then a range of dif
ferent ant iprotonic atoms has been 
studied. These experiments have con
centrated on the use of solid and liquid 
targets to capture incoming an-
t iprotons. For l iquid hydrogen, the 
Stark effect due to the electric f ield of 
adjacent nuclei affects the exotic 
atomic energy levels, wh ich frequent ly 
disappear through strong interaction 
annihi lat ions. This makes diff icult ies 
for the observation of spectral lines 
f rom the simplest ant iprotonic atom of 
all (sometimes called 'protonium') . 

The Daresbury /Ma inz /TRIUMF co l 
laboration used gaseous hydrogen to 
minimize Stark effects and used a 
special X-ray detector w i t h large 
angular acceptance and low threshold. 
The observed spectral lines are in the 
X-ray region, w i th energies typical ly in 
the range 2 - 3 keV, and are due to 
transit ions to the 2P level (one rung of 
the energy level ladder up f rom the 1S 
ground state). The observations show 
that this level decays by strong interac
t ion annihi lat ions at least 10 t imes 
more frequently than electromagnet ic 
radiative decay to the 1S ground state. 

There is much more work to be done 
to establish evidence of transit ions to 
the 1S ground state and details of the 
spectra become clear enough for the 
effects of the strong interaction 
between single protons and an-
t iprotons to be deduced, but the door is 
now open. The results wou ld be of 
special interest for the investigation 
of quasi-nuclear proton-ant iproton 
bound states, in wh ich the t w o part i 
cles are stuck together by strong in 
teract ions into a 'baryonium' state (see 
J u l y / A u g u s t 1977 issue, p. 243) . 

The discovery of these spectral lines 
f rom antiprotonic hydrogen (together 
w i th the corresponding lines f rom an
t iprotonic deuterium) was one of the 
results announced at the European 
Symposium on proton-ant iproton in 
teract ions held at Strasbourg in June. 
At this meet ing, there was also much 
interest in the future possibil it ies using 
the intense ant iproton sources now 
being planned at CERN and Fermilab 
(see Apri l issue, p. 113). 

As wel l as being used for feeding 
high energy proton-ant iproton col 
liders, such sources could also provide 
a copious supply of low energy an-
t iprotons for other types of experiment. 
Thus antiprotonic and other exotic 
atoms could become many orders of 
magni tude more plentiful and provide 
an important new source of informa
t ion on the details of the strong in 
teract ion to supplement the data ob
tained f rom scattering experiments 
w i th hadrons. 

SACLAY 
Manufacture of silica 
aerogel 

Work on silica aerogel has been in 
progress at Saclay since 1 9 7 2 , and 
now has reached a stage where a 
semi-industr ial manufactur ing plant 
has been established producing ap
preciable quanti t ies of the substance. 

Silica aerogel is of particular use i n 
the manufacture of Cherenkov detec
tors. Its refractive index can be contro l 
led by the manufactur ing process to be 
in the range 1.01 to 1.06. This makes it 
possible to build Cherenkov detectors 
using solid media instead of the 
tradit ional gases, avoiding problems of 
diffusion and particle absorption by the 
wal ls of the detector vessels. 

The manufactur ing process is par
t icularly delicate and requires the use 
of high pressure techniques. Up ti l l 
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People and 
things 

now only small product ion systems 
have been built , notably at Saclay, 
providing several litres of aerogel per 
week. 

The manufactur ing process has now 
been established at a semi-industr ial 
level at the French A tomic Energy 
Author i ty 's centre at Cadarache by 
adapting existing instal lations. The 
manufactur ing process uses dan
gerous substances and large quanti t ies 
of methanol under high pressures (210 
atmospheres) and at a temperature of 
300° , requiring considerable safety 
precautions. 

Initial trials proved satisfactory, and 
a production level of some 50 litres per 
week has been attained — sufficient 
to supply the needs of outside users. 
Further details are available f rom J.J. 
Engelmann, Service d'electronique 
physique, Centre d'etudes nucleaires 
de Saclay, Gif-sur-Yvette, France. 

Aerogel Cherenkov counters have 
been constructed at Saclay for an ex
periment by a Rome / Saclay / Vander-
bilt col laboration now being prepared 
for the CERN 28 GeV proton syn
chrotron. This experiment wi l l look at 
the reaction K~d K + + anything at 
1.4 GeV/c for signs of dibaryon states 
carrying strangeness. 

Each counter for this experiment 
consists of a l ight diffusing box ' s e e n ' 
by t w o photomult ipl iers. They are ef
fectively screened by t w o aluminized 
glass l ight guides located between the 
box and the photocathode. Two beam 
counters measuring 100 x 75 x 60 
m m and a spectrometer counter 
measuring 3 0 0 x 1 5 0 x 140 m m have 
been manufactured, together w i th the 
required five litres of silica aerogel. 

Each beam counter is 5 cm long, and 
uses 4 4 mm-diameter XP 2 0 2 0 
photomult ipl iers. The light guide of the 
third counter is 10 cm long and works 
w i th 110 mm-diameter XP 2 0 4 1 
photomult ipl iers. The indices of the 
aerogels are 1.05 and 1.07. The ef
f iciency was measured above the 
Cherenkov threshold. W i th a gel of 

thickness 6 cm, 13 photons are co l 
lected in the beam counters and 8 in 
the large counter. 

It has also been found that silica gels 
can replace water in Cherenkov 
counters. As they are immersed in 
methanol during manufacture, their 
index is very close to that of water 
(to w i th in 1 %). The self-support ing 
structure of this 'a lcooge l ' wh ich re
tains the methanol in the microcells by 
capil larity al lows it to be held, unlike 
water, in a very th in-wal led container. 
A glass prototype fi l led w i th 14 litres of 
alcoogel has been made. The detect ion 
area is 7 0 0 x 2 0 0 mm over a distance 
of 10 cm. The glass wal ls are 0.8 m m 
thick. 

Bob Wilson steps down 

On 17 July, Philip Livdahl became 
Acting Director of the Fermi National 
Accelerator Laboratory until a new 
Director is appointed to succeed 
Professor Robert R. Wilson. 

As we reported in our March issue, 
Bob Wilson tendered his resignation 
on 9 February in protest at what he 
saw as inadequate funding of the pre
sent physics programme at the 
Laboratory and inadequate support for 
the construction programme of the 
superconducting 1000 GeV Energy 
Doubler. The Board of Trustees of the 
Universities Research Association, 
which operates Fermilab, accepted his 
resignation on 15 February. 

Since then, representations in 
Washington have succeeded in in
troducing 'new' money, probably to 
the extent of around $10 million, into 
the likely Fermilab budget for fiscal 
year 1979 — an amount which 

Phil Livdahl, new Acting Director at Fermilab. 
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John Blewett. 

Professor Wilson sees as meeting the 
minimum requirement for the con
tinued health of the Laboratory. The 
Board of Trustees at a meeting on 10 
July decided to continue its search for 
a new Director. Bob Wilson is to move 
to the University of Chicago where he 
will take a Chair in the Humanities. 

Norman Ramsey, Chairman of the 
URAf in a statement issued on 17 July, 
said 'Robert Wilson has created a 
great institution at Fermilab. His bril
liant personal contributions to the ac
celerator, the research programme and 
the beauty of the structures can be 
found everywhere and will remain as 
monuments to his genius. The end of 
his period as Director is a cause of 
great sorrow for all of us'. 

Phil Livdahl has been at Fermilab 
since 1967, having previously worked 
at Berkeley and Argonne. He held 
senior positions in the construction of 
the 200 Me V linac, as Head of the Ac
celerator Department, and more re
cently in the Energy Doubler program

me. He is a person of great experience, 
maturity and personal charm and will 
surely carry the support of his col
leagues in his difficult task. 

New President of CERN Council 

At the CERN Council meeting in June, 
Professor Jean Teiflac of France was 
elected President of the CERN Council, 
filling the post left vacant after the 
death of President-elect Bernard 
Gregory, last December. 

Jean Teillac, 58, is Professor at the 
Pierre et Marie Curie University of 
Paris, and since 1975 has been Haut 
Commissaire for atomic energy in 
France. He is also President of the 
Council of the Joint European Torus 
(JET) project. 

Prof. Teillac comes to CERN at an 
exciting time when the full potential of 
the SPS 400 GeV proton synchrotron 
is being realized. Also the recent suc
cess of beam cooling experiments at 
CERN has led quickly to the new 
proton-antiproton project in which the 
SPS will soon take on a new role as a 
colliding beam machine, accelerating 
beams of particles and antiparticles in 
opposite directions. 

The aim is to bring the proton-
antiproton collider into operation in 
1981, so in the space of just a few 
years opening the door to a whole new 
realm of high energy physics without 
having to build any major new 
machines. 

At the same time, Europe is eagerly 
looking to the future and formulating 
its accelerator plans for the end of the 
20th century. The next few years could 
see these preliminary ideas crystallize 
into more definite plans. Prof. Teillac's 
period of office should certainly be an 
eventful one for CERN and Europe. 

Jean Teillac, new President of CERN Council. 

On People 

John Blewett formally retired from the 
Brookhaven National Laboratory on 30 
June, though he will continue to act as 
consultant. John has had a very dis
tinguished career in accelerator 
physics with major contributions to the 
design and construction of the world's 
first proton synchrotron (the 3 GeV 
Cosmotron), the CERN 28 GeV PS, the 
Brookhaven 33 GeV AGS and (with 
Fred Mills) initiating the 400 GeV 
ISABELLE proton-proton storage ring 
project. More recently he has led 
studies on energy programmes. It is fit
ting that this year he is working on 
Brookhaven's new project, the 
National Synchrotron Light Source, 
since his paper published in 1946 
paved the way for the use of syn
chrotron radiation as a standard 
laboratory tool. He has a long list of 
publications to his name and was 
editor of the journal 'Particle Ac
celerators ' from its inception. 
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Louis Rosen (below, right) receiving his bolo tie 
during a picnic on 10 June to celebrate his 60th 
birthday. With him in the picture is Darragh 
Nagle. Louis is an enthusiastic and highly able 
promoter of nuclear physics for whom many 
people have great affection. This regard was 
very evident at the picnic. 

(Photo Los Alamos) 

Appointments at Fermilab: Line Read, 
happily recovered from a serious car 
accident is Head of a newly-formed 
Safety Section. Tom Kirk has been ap
pointed Head of the Neutrino Depart
ment with Shigeki Mori as Associate 
Head. Ernie Malamud has been ap
pointed Head of the Meson Depart
ment with John Elias as Associate 
Head. Paul Mantsch has been ap
pointed Head of Research Services 
with Marvin Johnson as Associate 
Head. 

The top management of the ISABELLE 
project at Brookhaven, led by Jim San-
ford, has been completed by the 
appointment of Parke Rohrer as Head 
of the Construction Division. Among 
many previous assignments, Parke 
was General Manager of DUSAF, the 
firm responsible for buildings and ser
vices at Fermilab. His deputy is Paul 
Mohn who has held important civil 
engineering positions at Brookhaven 
for many years. The Department of 
Energy has appointed V. Witherill as 
ISABELLE project manager. 

Herman Winick and Mel Schwartz of 
Stanford have demonstrated their faith 
in the future of synchrotron radiation 
facilities in the most unmistakable way 
by participating in the setting up of the 
new Electron Storage Ring Corpora
tion, to market storage rings for com
mercial applications. 

Louis Rosen's friends and associates 
celebrated his 60th birthday in style 
with a picnic barbecue on the LAMPF 
grounds. This was an informal tribute 
to the man who has led LAMPF from 
its inception in 1962. The picnic was 
organized through the LAMPF Users' 
Group under John Allred, and Darragh 
Nagle acted as master of ceremonies. 
Louis was presented with a handsome 
bolo tie engraved with a Southwestern 
Indian motif, although a second look at 
the design shows it to be a Feynman 
diagram for pion-nucleus scattering. A 
more formal tribute is being arranged 
for the Users' Group Meeting during 
the week of 13 November, when a 
series of seminars with distinguished 
speakers will cover areas of research to 
which Louis Rosen has contributed. 

First recipient of the Wolf Prize for 
Physics is Chieng Shiung Wu, the 
woman who first showed that parity is 
not conserved in beta decay. The prize, 
presented at a special ceremony at the 
Israeli Knesset, is in recognition of 

scientists who have made great con
tributions to humanity. Madame Wu 
was honoured for her work on the 
mechanism of beta decay in particular 
and on weak interactions in general. 
Her famous 1956 experiment showed 
that the direction of beta emission was 
strongly correlated with the spin of the 
decaying nucleus. 

Saturne II switches on 

On 27 July, particles were accelerated 
to 1 GeV in the substantially-rebuilt 
Saturne proton synchrotron at Saclay. 
Now called Saturne II, the machine ap
pears to be performing well. In a future 
edition, we hope to include a full report 
of the start-up of operations with this 
revamped accelerator. 

Synchrotron radiation meet 

The Eleventh Annual Synchrotron 
Radiation Users' Group Meeting will 
take place at the University of 
Wisconsin on 23 and 24 October, just 
a few days before the Stanford Users' 
Meeting on 26 and 27 October. 
Further information on the Wisconsin 
meeting from Ednor M. Rowe at the 
Synchrotron Radiation Center, 
Madison, and on the Stanford meeting 
from Herman Winick at the 
Synchrotron Radiation Laboratory, 
Stanford. 
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John Blewett's expertise and 
thoughtful personality led to his being 
frequently consulted on national issues 
involving accelerator technology. He 
has been an important figure on the 
high energy physics scene for many 
years and it is good to know that he will 
still be active at Brookhaven. 



UNIVERSITY OF CALIFORNIA'S 
LOS ALAMOS SCIENTIFIC LABORATORY 

CAREER OPPORTUNITIES 
IN 

ACCELERATOR TECHNOLOGY 

The Laboratory's Meson Physics Facility (LAMPF) and AcceleratorTechnology Division need experienced 
professionals to contr ibute to research efforts relating to existing facil i t ies as wel l as to the development 
of new accelerator systems. The 8 0 0 MeV proton accelerator at LAMPF wi l l be brought to design in ten
sity by 1980 . Other current projects include development of prototypes for linear accelerators to be con
structed at Hanford Laboratory and at Los A lamos ; design of the Pion Generator for Medical Irradiation 
(PIGMI); and design and development for Proton Storage Ring technology. Opportunit ies in the fo l lowing 
areas exist for physicists and engineers, f rom project responsibil ity to intensive R & D : 

— design, development, and test ing of high-voltage, h igh-power rf, ion source, electrical power, 
high vacuum, and advanced control systems. 

— design and development of a variety of low and medium power fast analog and pulse circuits 
used in detect ion and manipulat ion of a circulating proton beam. 

— accelerator operations and development. 

— development of beam diagnostic devices and related systems. 

— R&D on targets, beam instrumentat ion, and target cell components associated w i t h high in 
tensity proton beams. 

— development and administrat ive work in support of increased versati l i ty of LAMPF ac
celerator and facil i t ies. 

— design, development, construct ion, installation and test ing of cont inuous wave injection 
systems, accelerator structures and associated facil it ies. 

— design, development, instal lation and maintenance of hardware and software for computer-
based control system. 

— analysis and design of op t imum fabricat ion, al ignment, and structural techniques for linear 
accelerator structures for a variety of electron and proton applications. 

The Laboratory, operated by the University of California for the Department of Energy, is a mult i - faceted 
national R&D organization located in the mountains of northern New Mexico. W e provide excellent work 
ing condit ions and benefi ts, including a variety of professional g rowth opportuni t ies and 2 4 days ' annua l 
vaca t i on . Los Alamos offers a pleasing lifestyle in a sett ing of great natural beauty : casual, uncrowded 
l iv ing; a pol lut ion-free env i ronment ; abundant recreational oppor tun i t ies ; a superb c l ima te ; excellent 
school sys tem; and low taxes. 

Please send complete resume, in confidence, to : 

Rodney Brown 
DIV 78-AC 
Los Alamos Scientific Laboratory 
P.O. Box 1663 
Los Alamos, N. M. 87545 USA 

An Aff i rmat ive Action/Equal Opportuni ty Employer-Women, Minori t ies, Veterans, 
Handicapped Urged to Apply 
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Eliminate ADC deadtimes and organize your data into block transfers 

The new Borer Camac Type 1302 ADC Buffer/Interface: 

Accelerator Physicist 
T h e S t a n f o r d S y n c h r o t r o n R a d i a t i o n L a b o 
r a t o r y (SSRL) e x p e c t s t o h a v e a n o p e n i n g 
ea r l y in 1 9 7 9 f o r an a c c e l e r a t o r p h y s i c i s t t o 
w o r k p r i m a r i l y o n t h e d e v e l o p m e n t o f 
S P E A R as a s y n c h r o t r o n r a d i a t i o n s o u r c e . 
T h e p o s i t i o n a l s o o f f e r s t h e o p p o r t u n i t y f o r 
r e s e a r c h w i t h s y n c h r o t r o n r a d i a t i o n . S P E A R 
w i l l be a v a i l a b l e f o r d e d i c a t e d s y n c h r o t r o n 
r a d i a t i o n r e s e a r c h o p e r a t i o n f o r 5 0 % o f i t s 
o p e r a t i o n s t i m e s t a r t i n g a p p r o x i m a t e l y in 
ea r l y 1 9 8 0 . D e v e l o p m e n t t o p i c s i n c l u d e 
w i g g l e r s , l o w e m i t t a n e e o p e r a t i o n , h i g h 
s t o r e d c u r r e n t , o r b i t c o n t r o l a n d s t e e r i n g o f 
s y n c h r o t r o n r a d i a t i o n b e a m s a n d w o r k i n g 
w i t h e x p e r i m e n t e r s t o f u l l y e x p l o i t S P E A R 
c a p a b i l i t i e s . T h e s u c c e s s f u l c a n d i d a t e w i l l 
i n t e r a c t s t r o n g l y w i t h t h e S L A C s t o r a g e 
r i ng g r o u p as w e l l as t h e S S R L s t a f f a n d 
use rs . P lease s e n d c u r r i c u l u m v i t a e a n d t h e 
n a m e s o f t h r e e r e f e r e n c e s t o 

Dr. H. W i n i c k 
D e p u t y D i r e c t o r 
S S R L - S L A C 
P.O. Box 4 3 4 9 , B in 6 9 
S t a n f o r d , C A 9 4 3 0 5 , U . S . A . 

accepts fast but random 16-bit data 
access time is less than 200ns 

has two buffers of 256 words each 
alternating overwrite/read-out provides unlimited capacity 

# asynchronous overwrite whilst reading in DMA 
provides deadtime-free access in true handshake mode 

can correlate several modules 
data is only accepted when in coincidence in all channels 

checks data against digital limit 
13-bit data + 7 parameters (3-bit code) 

and packs all this into a single module width 

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

Advertisements in CERN COURIER 
Al l advert isements are publ ished in both English and French 
edit ions. Second language versions accepted w i t hou t extra 
charge. 

Cost per i nsertion (Swiss Francs) 

Space 
(page) 

Actual size (mm) 
w id th by height 

Space 
(page) 

Actual size (mm) 
w id th by height 

1 5 10 
insertion insertions insertions 

184 x 267 1300 1200 1100 

'A 184 x 130 
88 x 267 700 650 600 

7« 88 x 130 380 350 320 

950 SwF 
3800 SwF 

1450 S w F 
1780 S w F 
End of month of cover date 

Supplement for 
one colour 
four colours 
Covers : 
Cover 3 (one colour) 
Cover 4 » » 
Publ icat ion date 
Closing date for 
posit ive f i lms and copy 1st of month of cover date 

The cost of making f i lms and of t rans
lat ion for advert isements are charged 
in addi t ion 

Screen (offset) 60 or 54 Swiss (150 English) 
Advert isements cancel led after 1st 
of mon th of cover date w i l l be invoiced 

Advert is ing space is l imited to 50% of contents and insert ions 
are selected on a strict f i rs t -come f irst-served basis. 

Al l enquiries to : 
Micheline FALCIOLA / CERN COURIER - CERN 
1211 Geneva 23 Switzerland 
Tel. (022) 8 3 4 1 0 3 Telex 2 3 6 9 8 
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SERVOGOR 3 3 0 , accuracy 0 .25 %, 
pr in t -ou t w i d t h 2 5 0 m m , set t ing t ime 
0 .25 s, l in- log recording, electronic 
integrator , 1 0 V measurement 
sequence output . 

Recorder system in slide-in format 

Servogor potent iometer printers represent the acme of construct ion, precision and 
reliability. The Servogor system features the most advanced engineering and design, 
simple and foolproof operation and an impeccable after-sales service. 
Any measurement can be made in the best possible way w i th the aid of a w ide range of 
accessories, wh ich can even be added later. 
Servogor, the versati le modern pr int-out system. Ask for our technical brochures — a 
telephone call is enough. 

METRAWATT AG FUR MESSAPPARATE 
Sales of f ice: Felsenrainstrasse 1 • Postfach • 8 0 5 2 Zurich • Tel. 0 1 - 5 1 3 5 3 5 • Telex 5 9 4 3 6 

BBC 
BROWN BOVERI 

GOERZ 
METRAWATT 
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Producing kilogram 
samples is not the same as 
delivering commercial 
quantities. That's why our 
new Airco Superconductor 
Manufacturing Group is 
doing what our Central 
Research Labs used to do. 
Making more advanced 
superconductors than any 
other supplier. For Brook
haven, Cern, Fermilab, 
Livermore, Los Alamos, 
M.I.T., Oak Ridge, Saclay 
and the U.S. Navy. 

We supply NbTi, Nb 3 Sn 
and V 3 Ga superconductors. 
In monofilament or multi
filament wires, mixed-
matrix conductors or tapes. 
Conductors with any 
reasonable cross section 
or aspect ratio. In braids, 
cables, sheathed and 
reinforced systems. In 
multitonne orders. 

And we develop new 
superconductor systems. 
Like forced-f low cooled 
sheathed cable for toroidal 
magnetic confinement sys
tems. Or extended-surface 
cooled supercondutors for 
large mirror machines. Or 
high-purity aluminum-matrix 
superconductors used in 
light-weight and radiation-
transparent magnets. Now 
we're winding the magnets. 

We've written a new 
brochure to show you our 
manufacturing capablity and 
prior experience. Call or 
write for a copy. 

Ask for Dr. Erik Adam. 
If he's not in, ask for Dr. Eric 
Gregory. Telephone (201) 
464-2400. Cable CRYO-
PLANTS MH. Or TWX us at 
710-984-7985. Airco Super
conductor Manufacturing 
Group, 100 Mountain 
Avenue, Murray Hill, New 
Jersey 07974. U.S.A. 

y \mco 
Superconductor 
Manufacturing 
Group 
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MICROPIERRE s.a. 
R. deTrepillot, 25000 Besancon-Tel. (81) 8 0 3 0 6 9 

Usinage a facon avec meule diamant: 
Alumine frittee - Toutes ceramiques 

Corindon - Quartz - Silice - Ferrite - Zircone 
Carbure de tungstene - de silicium - de bore 

Rect i f icat ion 
Plane 
Center less 
Cyl indrique 
inter, et exter. 
Percage 
Fi letage 
Rodage 
Pol issage 
Q U A L I T E 

P R E C I S I O N 

Depuis plusieurs 
dizaines d'annees, 
la societe 
MICROPIERRE 
est specialised 
dans ^usinage 
au diamant 
de materiaux 
tres durs: 
saphir - rubis, 
destines a 
la bijouterie 
et a I'horlogerie. 

L'apparition de 
nouveaux materiaux 
a usage industriel 
justiciables des 
memes techniques 
d'usinage 
a conduit 
naturellement 
MICROPIERRE 
a etendre 
ses activites 
dans ce domaine. 

W E S C A M A C T E A M 
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL 040 /2415 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 S H O W S : STATUS, FAN 
FAILURE, OVERLOAD, OVERHEAT 

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUITPROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 5 0 0 W-VERSIONS 

• N O W W I T H CERN APPROVAL 

For detai led technical and price in fo rmat ion please contac t W E S : 

WES-CAMAC-TEAM 
represented in Swi tzer land by 

CANBERRA-STOLZ AG Bell ikoner Str. 2 1 8 C H - 8 9 6 7 Widen-Mutsche l len Telefon 0 5 7 / 5 4 0 7 8 Telex 5 4 0 7 0 
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PCOSII 
Multiwire Proportional 

Chamber Readout 
For years now, the LeCroy PCOS II system has been 
establishing itself as a standard for MWPC readout in 
the physics research community. Experiments at 
CERN, FNAL, LAMPF, BNL, DESY, KEK, DUBNA, 
and other major laboratories have implemented 
PCOS II systems from a few hundred to tens of 
thousands of wires, over 70,000 channels in all. 

One reason for this widespread usage is conve
nience—convenience of immediate availability... 
convenience of receiving a complete, fully tested 
system, including interconnecting cables... conve

nience of commercial system responsibility, com
mercial system maintenance, and commercial 
system setup assistance...convenience of low, low 
cost and proven reliability. 

For your present or future MWPC needs, consider 
these advantages as well as the superior specifica
tions and system performance of PCOS II. Call or 
write for details. 

LeCroy 
RESEARCH SYSTEMS + 

Headquarters: 81 , avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland, Phone: (022) 34 39 23; Off ices in Spring Valley, New York; 
Paris, France; Heidelberg, W. Germany; Wheatley, Oxford, England; Palo Al to, Cal i fornia. Representatives throughout the wor ld. 
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proven 
i for 
years 
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/ / -
Introduced in 1975, 
PCOS II has proven 
itself in major 
laboratories 
throughout the 
world. 



Before we 
introduced our 
new Series 1400, 

we did some 
reliability testing. 
Three decades of it. 

Here is one of our 
new CTI-CRYOGENICS 
Series 1400 Helium Liquefier/ 
Refrigerator Systems. Experience in the 
design and manufacture of more than 500 
cryogenic liquefiers and refrigerators has 
gone into its development. Plus three decades 
of reliable operation in major laboratories 
around the world. 

Small wonder that the Series 1400 Systems 
have even more reliability and versatility 
than before. Over millions of hours of opera
tion have proven their design. 

r 
We are the world leader in the production 

of helium liquef ier and refrigeration systems. 
The new Series 1400 model you select will 
satisfy your cryogenic needs for decades to 
come. Write or call: CTI-CRYOGENICS, 
Kelvin Park, Waltham, MA 02154. 
Telephone (617) 890-9400. 

CTI-CRYOGENICS 
The pure performance company 

HELIX 

2 6 8 



SEN introduces a new standard 
in multiwire and drift-chamber 
high voltage power supplies... 

HV 6500 - HV 6350 

These SEN un i ts have been spec i f i ca l l y designed f o r all t ypes o f 
chamber and i nco rpo ra te far m o r e comprehens ive safety c i r c u i t r y 
than is n o r m a l l y f o u n d in general -purpose high vo l tage systems. 

New standards in chamber sa fe ty : 

< 3 0 V overshoo t at f u l l load 
< 5 ms d y n a m i c response t i m e 
< 1.5 10 4 regu la t ion 
fast t r i p - o f f on e r ro r d e t e c t i o n 
dark cu r ren t c o n t r o l 

New standards in chamber m o n i t o r i n g : 

mu l t i - pa rame te r c o n t r o l - vo l tage, load cu r ren t and dark cu r ren t , 
l i m i t vo l tage and l i m i t cu r ren t . 

% high m o n i t o r i n g accuracy - < 0 .2% on vol tages, 2 % reso lu t ion on 
dark cu r ren t . 

W i t h dual range ope ra t i on -0-50 jjlA, 0 -500 / / A , pos i t ive and negat ive 
6 K V o p e r a t i o n , these suppl ies are ideal f o r b o t h smal l and large 
chambers . 

Please con tac t o u r sales engineers f o r more detai ls . 

5 E N France: 0RTEC Sari; 1, rue des Soiets; 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 167d - D - 8000 MUENCHEN 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 



ACTIVE-PASSIVE ELECTRONIC COMPONENTS 

from MOSTEK 
1 development System 

SYS-80F 
— Test module 
— Cross software 
- PL 1 

- B A S I C 

for Z80 
MK 3870 
MK 3872 
O E M 

Al l new M O S T E K uP's 

4932 LOTZWIL TEL 063/281122 TELEX 68636 

Stesalit resolves your 
individual problems 
in fiberglass 
construction 
- for science 
and advanced technic. 
F r a m e s f o r 
p r o p o r t i o n a l c h a m b e r s 
s p a r k c h a m b e r s 
d r i f t c h a m b e r s 
c o a s t i n g b o x e s f o r C e r e n k o v c o u n t e r s 
s p a c e r e s e a r c h 
a n d m e d i c a l a s s i s t a n c e . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061 8006 01 
Telex 63182 
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fifa M e t a r e g 

MONTAGE INDUSTRIEL 
INSTALLATION 

TRANSFERT 
ENTRETIEN 

LEVAGE 

AGENCE: 
13, chemin du Levant 

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

Siege social : 
15, avenue Descartes 

9 2 3 5 0 LE PLESSIS-ROBINSON 
Tel. 6 3 0 2 2 38 - Telex 2 5 0 9 4 9 plrob 

Debitmetres 
GEC-Elliott, Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

livrables ex stock Zurich 

Henaeus 
Verres de silice 

type 1100 

lentilles, miroirs 
regards, hublots 
plaques, prismes 
tiges, tubes 

Triple prisme en qualite SUPRASIL isotrope et 
homogene, depose sur la lune sous forme de 
reflecteur retro-directeur dans le cadre du 
programme Apollo. 

Demandez la documentation aupres de 

vorm. WISMER AG 

Oerlikonerstrasse 88 
tel. 01/46 4040 
8057 Zurich 
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Superqualite pour 
I'electronique industrielle: 
la qualite NEC de Leitgeb! 
np le : / / / ^EC s^rie D forme gout te: Notre exemple: 

2 condensateurs dielectriques au tantale 
pour exigences techniques elevees, 

Serie NEC HM seion specification 
MIL-C-39003: 
Condensateurs au tantale avec 
anode f ritt6e et Electrolyte solide. 
Tr&s bonne stabilite a la tempera
ture et f aibles courants r^siduels. 
Bottier m6tallique hermetique. 
Grande duree de service. 

Les valeurs: 
0 , 1 - 3 3 0 [IF, 6 - 5 0 V 
Plage de temperature: — 5 5 ° C a 
+ 1 2 5 ° C 

D. Leitgeb SA 
8 6 0 0 Dubendorf, Uberlandstr. 199 

Telephone 0 1 / 8 2 0 1 5 4 5 , telex 55 547 

Grande fiabiiite. Dimensions tr&s reduites. 
Prix avantageux. 

Les valeurs: 
0 . 1 - 1 0 0 |IF, 3 - 5 0 V 

lage de temperature: 

DYROLOK 
Flareless 

Tube Fittings 
A V A I L A B L E 

• in brass, 3 1 6 S S , 
s tee l , m o n e l and 
a l u m i n i u m 

• in sizes f r o m 
1 / 1 6 , ' t o 1 , ' 0 D / 
3 m m t o 16 m m 

• fo r h igh v a c u u m 
pressure — t e m p e r a t u r e -
c r yogen i cs 

Kemi 

HOKE 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Tel 061/73 48 22 
Telex 62440 

- 5 5 ° C & + 8 5 ° C 

S'il vous faut une quality extra, t^lepho-
nez-nous. Nous vous enverrons sans 
engagement des prix-courants et notices 
techniques. 

Leitgeb K.G. 
A - 9 8 0 0 Spit tal /Drau, Lagerstr. 51 
Tel. 0 4 7 6 2 / 4 0 2 2 , telex 4 8 191 

Distributor for Switzerland 

Dril ls: 

# sheet metal up to 1.5 m m 41 

# th in-wal led piping 
# car body sheet 
# plastic sheet and tubing 

For install ing signall ing devices, assembling instrument 
panels, automat ic instal lations, f i t t ing aerials, laying 
pipes and cables. For reaming out existing holes. For 
deburring. 
Indispensable for equipment assembly 

Swiss and foreign patents 

TIPSWITOOL® 
Altkircherstrasse 30 
P.O. B o x - 4 0 2 7 BALE/Switzerland - Tel. 0 6 1 / 3 9 6 5 0 0 
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Integrated 

AMPLIFIER/ 
DISCRIMINATOR 
Tube Socket Assembly 

• TTL COMPATIBLE 
OUTPUT 

• COMPATIBLE WITH ALL 
PFR PMT CHAMBERS 

• TWO VERSIONS: . 
ADS-001: 100 KHZ 

maximum count rate 
ADS-120: 12 MHZ 

maximum count rate 

ADS-001 is 
compatible with the 
Products for Research 
Model CT-100 Digital Counter-Timer. 

Call or write for complete engineering and 
performance information plus price and delivery. 

PRODUCTS FOR RESEARCH, INC. 
78 HOLTEN STREET 
DANVERS, MA 01923 • (617) 774-3250 

CARLO GAVAZZI AG Kanzleistrasse 80 Postfach 
8026 Zurich Telefon 01 242 3122 Telex 52308 

Produits pour la technique reacteurs 

Not re p r o g r a m m e de v e n t e 
c o m p r e n d : 

• Appare i l s d e labora to i re 
Creusets , capsu les et e lec t rodes etn 
p la t i ne , r h o d i u m , i r i d i u m , or et a rgen t 
Fours de labora to i re j usqu 'a 1 7 7 5 ° C 
Appa re i l s de d i f f us ion pour la 
f ab r i ca t i on d ' h y d r o g e n e u l t rapur 

• Te r res rares 
M e t a u x , oxydes , sels, Ce, Dy, Er, Eu, 
G d , Ho , La, Lu , N d , Pr, Sc, S m , T m , T b , 
Y, Y b 

• S e m i s e n p la t ine , 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 , feu i l l a rd 
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 ainsi que 
t h e r m o c o u p l e s a ga ine me ta l l i que 

• M 1 0 0 0 
Mate r i e l de hau te dens i te pou r la 
p r o t e c t i o n an t i r ayons 

• Produi ts pour usines c h i m i q u e s 
Cata lyseurs sur base de p la t ine , 
p a l l a d i u m et a rgen t 
D isques de rup tu re , suppo r t s et 
s u p p o r t s a v ide 

• Produits c h i m i q u e s 
Produ i t s SPECPURE® et 
PURATRONIC® de t res hau te pu re te 
pou r le l abora to i re et I 'analyse 

• Brasures a l a r g e n t et soudures 
spec ia les p a l l a d i u m , or, decapan t s , 
« B r a z e p a s t e » 

JOHNSON M A TTHEY & 

BRANDENBERGER A G 

Gla t ta ls t rasse 18 
8 0 5 2 Zur i ch 
T e l e p h o n e 0 1 / 5 1 4 4 8 8 
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For high-field magnets in excess of 10T 

VACRYFLUXNS 
monol i th ic superconductors and 
fully t ransposed flat cables wi th 
10,000 - 70,000 Nb 3 Sn f i laments 
(3 jum diameter) successfully tes ted 
in laboratory magnets 

D e s i g n e d t o 
w a s h a w a y 
d a m a g i n g 
c o n t a m i n a n t s . 

Haws Model 7060-B 
with patented "Feather-Flo" heads 

Install Haws emergency eye/face-wash fountains near 
every hazard. Push of the valve handle provides instant, 
gentle, pressure-controlled water to float away 
contaminants without damaging delicate tissues. 
This equipment can help to eliminate potential permanent 
injuries. Write for free information and catalog. 

Haws International, 1439 Fourth St., 
Berkeley, California 94710, U.S.A. 

I N T E R N A T I O N A L 

Haws Emergency 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stations • 
Laboratory Units • Freeze-
Proof Units 

D i a m o n d T o o l s f o r a l l p u r p o s e s 
Our speciality 
Diamond turn ing and mil l ing tools for non-ferrous metals 
and plastics 

Other products 
Special d iamond tools for the wa tch and jewelry industries 
Diamond- t ipped dressing tools 
Hardness testers 
Glass cutters and d iamond scribers 
Custom-designed tools 
Tool -b i t repolishing work 
Precise, top-qua l i ty work. First-class references 

V O E G E L I & W I R Z L T D CH-2502 Bienne/Biel 
Diamond cut t ing and lapping works Gurzelenstr. 16 
Phone: 032/41 21 81 
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wi th Ta-diffusion barriers 



SIEMENS 

Chefs d'entreprise, 
ne dictez plus, ne cherchez 
plus, ne criez plus! 

traitement de textes: 
une nouvelle economie 
avec le 
Texte-Systeme 580 

Votre temps est precieux, consacrez-le a des choses im-
portantes. Cessez de dieter 100 fois les memes lettres, ne 
mettez plus des heures a trouver un renseignement mal 
archive, en un mot, ne criez plus. 
Avec le nouveau systeme de traitement de textes, Text-
Systeme 580 de Siemens, vous ne vous enerverez plus. 
Vous organiserez rationnellement toute la production 
dactylographique de votre entreprise. Avec efficacite. Et 
dans le calme. 

• Le courrier: le Text-Systeme 580 memorise sur disque 
souple (contenance 315.000 caracteres), lettres stan
dards, reclamations d'impayes, offres, confirmations de 
commande, etats periodiques, contrats de travail. II les 
ressort autant de fois que vous le desirez aux variantes 
pres (nom, adresse, montant...). 

• Les archives: le Text-Systeme 580 les stocke en me-
moire et les tient toujours pretes. 

Le Text-Systeme absorbe le travail de plusieurs machines 
a ecrire en apportant une personnalisation et une meil-
leure presentation de votre courrier. De conception modu-
laire il s'adapte a la taille de votre entreprise. 
Economique, performant, le Text-Systeme 580 est cons-
truit par le departement materiels de bureaux de Siemens. 
C'est une garantie de qualite et de fiabilite. 
Pour en savoir plus, telephonez ou retournez le bon c i -
apres: 

SIEMENS-ALBIS SOCIETE AIMONYME 
42, rue du Bugnon, 1020 Renens, Telephone 021-34 96 31 

Info-Cheque 

Actuellement vous pouvez voir fonctionner le Text-
Systeme 580 dans la Div. S.P.S. (CERN) 

SIEMENS-ALBIS SOCIETE ANONYME 
Zurich, Berne, Bale, Renens, Geneve 
Departement informatique 

42, rue du Bugnon, 1020 Renens, Tel. 021-34 96 31 

• Nous desirons une documentation detaillee du 
Text-iSysteme 580 

• Votre ingenieur de vente doit prendre contact avec 
nous pour un premier entretien. 

Nom 

Raison sociale 

Telephone 

Rue/Case postale 

N.P./Local i te 
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Precision 
Power Supplies 
Stab i l i ty up t o 1 0 " 6 ; up t o 3 0 0 k W ; up t o 3 0 0 kV 

f o r al l app l i ca t i ons 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

Control and Measuring Techniques 
Happinger Strasse 71 
8200 Rosenheim 
Tel. 08031 - 66397/66116 
Telex 0525777 hemes d 

Is there water 
in dry air or gas? Now you can 
have the answer fast, exact 
and automatically 

Nothing could be simpler. 
1. Switch on. 
2. Place fingertip over outlet 
3. Chamber head rises. 
4. Read dial. 
No more Thermometers -
Graphs-Pumping -
cooling - recoating or 
mathematical gymnastics. 

The Shaw 
Automatic 
Dew point 
Meter is 
unique. 

Look at these unique 
features; Battery check 
switch -d ia l readings on air 
or gas irrespective of flow 
ra te - Automatic dry down 
and calibration - Portable -
Government tested for safe 
use in hazardous areas. 
IT'S ALL SO E A S Y -

IT'S ALSO FAST! 
SHAW MOISTURE METERS 
Rawson Road,Westgate, 
Bradford,England Telex51598 
Tel0274 33582 

The Shaw Automatic Dewpoint Meter-Simply unique. 

• 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 
Manutentions 

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

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

tel. (91) 762850 
Xe tel. (1) 607 9484 

tel. (022) 206848 
tel. (50) 514641 
tel. (50) 419133 

F o u r n i s s e u r d u C E R N a G e n e v e , d u C E A a M a r c o u l e , P i e r r e l a t t e , C a d a r a c h e , 
La H a g u e , d e I ' O N U e t d e I ' U I T a G e n e v e . 
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FOR PARTICLES PHYSICS 
AN IMPROVED RESOLUTION 
OF LEAD GLASS CERENKOV 

GAMMA DETECTORS WITH THE 
NEW SOVIREL "CEREN" GLASSES 

• from 17 to 43 mm radiation length • high performance / cost ratio 

• transmission optimized • reliable service worldwide 

For Information please call: 

SOVIREL 
CORNING g r o u p 

For Europe: S o v i r e l D e p a r t e m e n t O p t i q u e For the U.S A : C o r n i n g Glass W o r k s 
90, rue Baudin - 92306 Levallois-Perret - France Optical Materials - P.O.B. 2000 
Tel.: 739.96.40 - Telex: 620014 SOVIVER LVALL CORNING N.Y. 14830/Phone: (607) 974.7611 

S W ^ - QUICK-CONNECTS 
Reliable leak-free c o n n e c t i o n s 

i n vacuum or pressure s e r v i c e 

Quick-Connects offer a choice 
of sizes from 1/8" to 1" tubing and 1/16" to 
1" pipe, in brass or 316 stainless steel...with 
these application benefits: • Fast, push-pull 
operation • Many combinations of body 
and stem assemblies to meet specific needs 
• Single or double end shut-off in "QC" Series 
• 360° swivel action in "QM" and "QF" Series 
• Service ratings to 6000 psi and 450 F 

• Immediate availability from your local 
Full Service Distributor. 

| / i K 0 N T R 0 N A G 
ABTEILUNG PRAZISIONSARMATUREN 

CH-8048 Zurich • Bemerstrasse-Siid 169 • © 0162 92 62 
D-8057 Eching b. Munch en • Oskar-v.-Miller-Str. 1 • <@ (0 8165) 7 72 88 
A-1140 Wien • Ameisgasse 49 • © 94 56 46 

©1977 MARKAD SERVICE CO./all rights reserved C-29f 
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choisissez 
knurr 

Personne d'autre ne peut vous 
offrir 60 pupitres aux 
dimensions standard et aux 
formes aussi elegantes, avec 
un aussi grand nombre de 
facilites de montage et a un 
prix aussi avantageux; nos 
prospectus en quatre couleurs 
vous convaincront. 

Industriestr. 47, Postfach, 8152 Glattbrugg/Zurich 
Telefon 0 1 / 8 1 0 1 4 4 4 / 4 3 , Telex 59 706 knuag 

TOUTE INTERVENTION, CHAQUE TRA
VAIL EN HAUTEUR PEUT ETRE EXE
CUTE AUJOURD'HUI DE FACON 

• PLUS SURE 
• PLUS PRECISE 
• PLUS RATIONNELLE 

EN INTERVENANT SUR UN VRAI 

TAPIS VOLANT 

INSTANT 
p < i 

LES NOUVELLES PLATEFORMES 
DE TRAVAIL A ELEVATION AUTO-
MATIQUE ET A DEPLACEMENT AU
TOMOBILE/ COMMANDEES DANS 
TOUS LES SENS DEPUIS LA PLA-
TEFORME A TOUTE HAUTEUR. 
UN PRODUIT INSTANT-VECTUR 
MILLE FOIS EPROUVE, COMME 
TOUTE NOTRE GAMME DE 
PONTS ROULANTS, ECHAFAUDA-
GES, ECHELLES, AIR-LIFTS, AIR-
DECKS, MATERIEL-LIFTS, D'UNE 
TECHNICITE D'AVANT-GARDE, EN 
ALU. 
Demandez notre documentation 
ou/et un essai pratique, chez vous, 
aupres de: 

VECTURSA 
0 2 1 / 2 3 7 8 6 2 

rue Caroline 2 
1003 Lausanne 

2 7 8 

^ ^ ^ J Tel. C 
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l i v r a b l e s e n 
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3S2S 
T E M P E R A T U R 

MONITOR 

Moni tor ing 

Now 
Available 

in a 
16-channel 

Module 

Q u R 3525 16-channel Temperature 
Monitor module is an exciting new 
development at KineticSystems. This 
module provides the interface to 
thermocouples without 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 the 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. 

Features of the 3525 Module 

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

with 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-limit 
temperature 

Please c o n t a c t us f o r addi t ional i n fo rma t i on 

Kinetic Systems International S.A. 

the 

CAMAC 
people 

Dept. CC788 * 6 Chemin de Tavernay * 1218 Geneva, Switzerland * Tel. (022) 98 44 45 * Telex 28 9622 

KineticSystems Corporation * 11 Maryknall Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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* Barbara 
ELI 

• Hochreine Gase 

• Gasgemische,  
Eich- und Prufgase 

• Tiefkalte Flussiggase 

• Drtickreduzierventile 

• Zentrale  
Gasversorgungsanlagen 

• Tieftemperaturmaterial 

• gaz de haute pureté 

• mélanges de gaz,  
gaz étalpns 

• fluides cryogéniques 

• manodétendeurs 

• installations centrales  
de distribution de gaz 

• matériels cryogéniques 

versorgung in der Forschung 


