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The last of the rings? 

John Rees — touting linear colliders as the 
wave of the future. 

A personal view of the histo­
ry of colliding beam machines 
for high energy physics by 
John Rees, project director 
of the Stanford Linear Collider 
now under construction — 
the first large-scale colliding 
beam machine to dispense 
with the idea of a ring. 

The largest of all the colliding beam 
storage rings, LEP, is being built 
at CERN. The proposed US Super­
conducting Super Collider — SSC, 
see page 12 — would require a 
ring three times larger than LEP. 
A t the same time linear colliders 
such as the machine now being 
built at Stanford are being touted 
for the future. If linear colliders 
take over then the whole history 
of designing and building colliding 
beam storage rings will have span­
ned just over three decades. 

Following the invention of the 
alternating gradient technique for 
synchrotrons in the early f ift ies, 

e early cyclic AG synchrotrons 
were limited in their beam intensity 
because particles could be injected 
for only a brief t ime at the bot tom 
of the cycle. This limitation could 
be overcome in fixed field (dc) 
machines of a type developed pri­
marily at the Mid-western Univer­
sities Research Association 
(MURA), initially under the direction 
of Donald Kerst. Since the main 
advantage pursued was higher 
intensity, the MURA scientists had 
to learn more about stacking par­
ticles in machines than had ever 
been known before. 

In the course of their studies 
Kerst and his MURA co-workers 
realized that, wi th stacking, they 
could hope for beam densities suf­
ficient to do colliding-beam phy­
sics, and at the International Accel­

erator Conference at CERN in 
1956, Kerst made the first propos­
al for a collider consisting of a pair 
of clashing-beam accelerators. 

Although MURA was the most 
active centre, it was not the only 
place where colliding beam sys­
tems were being devised. A t the 
same CERN conference Gerry 
O'Neill of Princeton also gave a 
paper about storage rings in which 
he suggested that one need not 
approach colliding beams via clash­
ing accelerators but rather via stor­
age rings separate from the accel­
erators that would feed them. In 
other words any kind of an accel­
erator could feed particles into t w o 
static storage rings in which the 
particles could be stacked and 
could collide. 

However, the high energy proton 
machine proposed by MURA was 
never built, and thinking soon 
turned to colliders using electrons 
instead, which had the advantage 
of being easier to stack. What was 
needed was a source of electrons. 

This is where Stanford entered 
the picture. Stanford's High Energy 
Physics Laboratory had an ideal 
source in the Mark III linear accel­
erator, so O'Neill came to Stanford 
wi th Bernie Gittelman, his student, 
and discussed these ideas wi th 
Pief Panofsky, Burt Richter, and 
Carl Barber. The Princeton-Stanford 
colliding beam experiment was 
proposed in 1958, and work began 
in that same year. The beam ener­
gy was planned to be 500 MeV ; 
the radii of the rings were about 
1.4 metres and they were weak 
focusing. 

A t the same t ime, Gersh Bud-
ker's Institute for Nuclear Physics 
in Novosibirsk started work on a 
pair of rings called VEP-1 to collide 
electrons of 140 MeV. 

The scientists at Frascati, Italy, 
were thinking along a slightly dif­

ferent line. Bruno Touschek's idea 
was to put electrons and positrons 
in a single storage ring for both 
beams, which offered economic 
and physics advantages. They 
became extremely enthusiastic 
about the idea, and in 1960, just 
t w o years after the Princeton-Stan­
ford proposal, they proposed the 
construction of a small initial proof-
of-principle machine called ADA 
wi th a much larger one to fol low. 

ADA was a 250 MeV machine, 
wi th a radius of only 60 centi­
metres, and using weak focusing. 
But at the outset they called for 
their larger machine which they 
even then named — ADONE, for 
'big A D A ' — wi th an energy of 
1.5 GeV, if possible. Thus in the 
four years f rom 1956 to 1960 the 
first generation of colliding beam 
storage rings was well and truly 
launched, and protons had dis­
appeared temporarily f rom the 
scene. 

The builders of the first genera­
tion faced what all pioneers have 
to face: the banes of the first gen­
eration, the unanticipated problems 
that plague new machines, to 
which their builders have to find 
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solutions — solutions which be­
came part of their heritage to the 
next generation. 

After overcoming a series of 
technical obstacles, the Princeton-
Stanford physicists came up 
against what may fairly be charac­
terized as the Fundamental Limit, 
the beam-beam limit of the collid­
ing beam storage ring. This phe­
nomenon has proved to be insur­
mountable and continues to limit 
performance. 

ADA never reached the beam-
beam limit, although it did uncover 
a basic limitation on low energy 
storage capacity, and was at first 
curbed by its injection scheme. 
Subsequently a more sophisticated 
system was installed, but the pow­
er of the Frascati synchrotron was 
inadequate, so ADA was even­
tually moved to Orsay, France, and 
put at the end of the Orsay linac. 
Then it was able to accumulate 
enough current to find a new limi­
tation on storage ring behaviour, 
the Touschek effect. 

In 1962, construction began on 
the second generation of ma­
chines, ACO at Orsay, ADONE at 
Frascati and VEPP-2 at Novo­
sibirsk. 

ACO was designed to operate 
at beam energies up to 500 MeV; 
it had a radius of 3.5 metres and 
was strong focusing. ADONE was 

An experiment at CERN's Intersecting 
Storage Rings — the only proton-proton 
collider constructed so far. 

a larger strong focusing machine 
with a radius of 16.5 metres, oper­
ating at energies up to 1.5 GeV. 
ADONE was designed to take ad­
vantage of just about everything 
that had been learned in the first 
generation, and turned in some 
remarkable performances (luminos­
ity 6 x 1 0 2 9 c m " 2 s~ 1 ) . 

Meanwhile the physicists at the 
Cambridge Electron Accelerator 

The ADONE electron-position collider at 
Frascati, Italy — an example of the second 
generation of storage rings, and which 
turned in some sterling performance. 

(CEA) had a synchrotron and 
wanted to get into the colliding 
beam business, but were pre­
vented from building a new storage 
ring to fill f rom their synchrotron. 

Then two of them — Ken Robin­
son and Gus Voss — had a brain­
wave. They saw that performance 
could be improved by modifying 
the beams (low beta) in just a few 
places, even if the machine was 
limited to small currents. 

Using this idea, the CEA syn­
chrotron itself was converted into 
a special 'bypass' storage ring. 
The result was — and I can't think 
of a better way of saying this — 
a machine of staggering complex­
ity. It was made to do colliding 
beam physics in 1973 at a maxi-

(PhotoCERN 326.11.77) 
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Cambridge, Massachusetts, 1959 — The 
group that led the Cambridge Electron 
Accelerator (CEA). The machine was later 
converted for colliding beam experiments, 
testing the technique of 'low-beta' that 
proved so important in storage rings. 
Seated from left: Thomas Collins and David 
Jacobus. Standing from left: Fred 
Barrington, CEA Director Stanley Livingston, 
Robert Cummings, Lee Young, John Rees, 
William Jones, Janez Dekleva, and the late 
Kenneth Robinson. 

mum energy of 2.5 GeV per beam, 
and the low beta invention was a 
great success. 

Then there arrived the first — 
and to date the only — proton-
proton colliding beam system, the 
Intersecting Storage Rings of 
CERN. Construction took place 
between 1966 and 1971 . The ISR 
vas a great success in accelerator 

physics terms. It exceeded its de­
sign goals in terms of energy and 
luminosity, the two most important 
parameters. Designed for a maxi­
mum energy of 28 GeV, it reached 
31.4 GeV; and designed to pro-

The new Stanford Linear Collider — after 
acceleration in the two-mile linac, the 
electron and positron beams are brought 
together to collide (once only) in the 
experimental hall in the foreground. 

duce a luminosity of 4 x 1 0 3 0 

c m - 2 s _ 1 , it attained 1 0 3 2 c m - 2 

s ~ 1 , the highest luminosity yet 
reached by any colliding beam sys­
tem. 

The third generation of electron 
storage rings were SPEAR at Stan­
ford, DORIS at DESY and VEPP-2M 
at Novosibirsk. This generation 
took full advantage of what had 
been learned at such great expense 
of effort in the first two genera­
t ions; good vacuum technique; 
low beta, etc. These advances 
paid off — especially in SPEAR 
where a luminosity of 1 0 3 1 c m - 2 

s _ 1 was achieved at 3.7 GeV, the 
highest luminosity achieved up to 
that time in any machine (the ISR 
had not yet bettered that figure). 

The fourth generation machines 
- CESR at Cornell, PEP at Stanford 
and PETRA at DESY - showed 
the maturity of the technology. 
Using already successful tech­
niques, energy was scaled up by 
an order of magnitude, and 
luminosities slightly improved 
( 3 x 1 0 3 1 c m - 2 s " 1 at PEP). 

Back in 1 9 7 1 , the idea had been 
put forward to build a system of 
rings to collide electrons with pro­
tons. Initially this idea failed to get 
very far, but is now coming to 
fruition with the HERA project at 
DESY. 

And so to LEP — several thou­
sand times larger than the first 
electron collider. 
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After LEP? 

Work for the LEP electron-positron 
Collider at CERN continues to drive 
ahead wi th the aim of achieving 
first colliding beams in the 27 kilo­
metre tunnel towards the end of 
1988. 

However LEP is far f rom being 
the last word in CERN's long term 
plans. A clue was already in the 
1 EP Design Study by the 
adoption of a beam height of only 
80 cm, there is enough room left 
(in the tunnel) for the installation 
of a second machine at a later 
stage... ' . 

A workshop, organized by the 
European Committee for Future 
Accelerators (ECFA) and CERN in 
March 1984, examined the feasi­
bility of a hadron collider in the 
LEP tunnel (see June 1984 issue, 
page 185). 

There the idea emerged for a 
ring of superconducting magnets, 
installed above the LEP ring, to 
collide protons together (or pro­
tons wi th antiprotons) at as high 
an energy as possible. 

Since this meeting, considerably 
ore work has been done to f irm 

up the ideas for the new Collider: 

— determining the best configura­
tion for the proton-proton option 
and establishing its advantages 
over a realistic proton-antiproton 
opt ion ; 

— assessing collisions between 
the electron beam of LEP and 
one proton beam; 

— designing a complete section 
of the machine; 

— making tentative designs of 
superconducting magnets pro­
viding between 8 and 10 tesla, 
and working out a European 
magnet development pro­
gramme towards this goal ; 

— outlining where and how the 
various types of collisions could 
be exploited in the LEP tunnel. 

Proton-proton collisions 

Using 10 tesla dipole bending 
magnets, collision energies of 
17 TeV (17 0 0 0 GeV, 8500 GeV 
per beam) could be achieved wi th 
a respectable collision rate (lumi­
nosity 1 0 3 3 c m - 2 s " 1 ) . A ' two -
in-one' aperture solution for the 
superconducting magnets is re­
commended for economy and 
compactness. 

It is the relative ease of colliding 
proton beams (as compared to the 
difficulties of first making and then 
handling antiprotons) which pro­
mise high collision rates and make 
the proton-proton option the pre­
ferred solution. Despite the need 

The designers of the LEP electron-positron 
Collider now being built at CERN were 
far-sighted enough to leave enough room 
for a possible second machine. 

to provide a large number of 
bunches (a figure of 3 5 6 4 has been 
quoted), the t w o proton rings in 
the LEP tunnel could be filled using 
CERN's existing 4 5 0 GeV SPS ma­
chine and its proton supply in only 
a few minutes and the injection 
procedure could be activated a 
short notice. Of course new injec­
tion lines would have to be built. 

Proton-antiproton collisions 

Contra-rotating beams of pro­
tons and antiprotons can be han­
dled in the same magnet aperture, 
as is done in the SPS Collider. This 
facilitates magnet construction but 
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provides lower collision rates than 
the proton-proton option. 

For 10Td ipo les giving 16.6TeV 
total collision energy the estimated 
luminosity using CERN's im­
proved antiproton source is 
2.7 x 1 0 3 0 c m _ 2 s " 1 . The introduc­
tion of electrostatic beam separa­
tors to eliminate unwanted proton-
antiproton collisions (as is now 
done in the SPS) would boost the 
luminosity to 13.5 x 1 0 3 0 but bites 
into the cost savings of the single 
aperture approach. 

Pending further studies, the pro-
ton-antiproton option is dis­
favoured. Proton-antiproton colli­
sions (useful for comparison with 
proton-proton) could be achieved 
in one of the apertures of the 
proton-proton configuration. 

Electron-proton collisions 

With protons in the upper ring 
and electrons in the lower, elec­
tron-proton collisions are a natural 
bonus. The radiofrequency power 
which will be installed to boost 
the energy of the LEP beams could 
either be used to maintain the elec­
tron beam at its highest energy, 
or to boost the electron current at 
lower energy to increase the lumi­
nosity. 

The total collision energy would 
thus be between 1.4 and 1.8 TeV 
(compared with 314 GeV in the 
HERA Collider now being built at 
the German DESY Laboratory in 
Hamburg), and the luminosity be­
tween 1 0 3 1 and 1 0 3 2 . 

Experiments 

Initially, the four LEP experiments 
would continue to look at electron-
positron collisions but would have 
to get out of the way of the proton 
beams, when these are in use. For 
protons, new experiments could 
be mounted in other areas of the 
tunnel (the LEP tunnel has eight 
large vertical shafts). In t ime, some 
or all of the LEP experiments could 
be transformed. 

However the production of suit­
able superconducting magnets for 
the collider would require a vigor­
ous development programme. 

The future seen from Erice 

A few specialists have been finding 
time to think beyond the LEP elec­
tron-positron Collider now being 
built at CERN and the SSC Super­
conducting Super Collider pro­
posed for the US to the physics 
needs and accelerator possibilities 
of the future. Despite the modest 
effort, a lot of progress has been 
made in sorting the wheat from 
the chaff amongst proposed accel­
erator schemes and in defining 
crucial features of future machines. 

Some of this thinking came to­
gether at a seminar on 'New Tech­
niques for Future Accelerators' held 
in Erice, Sicily, from 12-17 May. 
It concentrated on linear 

electron-positron colliders with 
beam energies of at least 1 TeV 
and luminosities of at least 1 0 3 3 

per c m 2 per second. Earlier ap­
proaches concentrated on reaching 
accelerating gradients as high as 
possible (with reduced machine 
length and cost in mind). This, 
though still obviously very desi­
rable, now carries less emphasis 
and other features are more prom­
inent. 

Two of these features were con­
fronted by Bob Palmer in one of 
his usual stimulating talks. They 
concerned the input to the linacs, 
where reaching the desired lumi­
nosities will need very low emit-

tance beams, and the output from 
the linacs, where luminosity again 
dictates concentration of the par­
ticle bunches in miniscule cross-
sections when they collide. 

Emittance should ideally be as 
low as 1 0 ~ 8 but, if this could be 
slackened off to 1 0 ~ 7 , it is not so 
frighteningly far from what should 
be achieved soon in the damping 
rings for the big linear collider near-
ing completion at Stanford. It could 
however require bunches spending 
a long time in damping rings which, 
to have a reasonable repetition 
rate, could involve tens or 
hundreds of such rings. Ugo Amal-
di called attention to this problem 

6 CERN Courier, July/August 1986 



23x 10 4 Bail li 
101 Gauss Magnetic Fields 
This new photomult ip l ier tube 
(R2490) has an ampl i fy ing 
structure of f ine mesh dynodes 
which provide excel lent 
performance in high magnetic 
f ields. It is the first high quali ty 
detector for High Energy 
Physics to overcome the gain 
ki l l ing effect of magnetic 
environments. 

Call or wri te for Data Sheets 
on the R2490. < 

GAIN 

DARK CURRENT 

u 

j i I i i i i i i i L 

2 4 6 8 10 

MAGNETIC FLUX DENSITY (KG) 

Hamamatsu 
R2490 
Photomultiplier Tube 

HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, R O. BOX6910, BRIDGEWATER, NJ 08807 • PHONE: 201/231-0960 

UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992-769090) • FRANCE: Hamamatsu Photonics France (phone: 46 554758) 
ITALY:Hesa S. P. A. (phone:[02] 34.92.679) • W. GERMANY:Dr. R. Seitner, Mess-U, Regeltechnik(phone: 08152-3021) 

SWEDEN, NORWAY, FINLAND, DENMARK: Lambda ElectronicsAB(phone:08-620610) 

©1986 H a m a m a t s u C o r p o r a t i o n 

CERN Courier, July/August 1986 7 



INTO YOUR THINKING 
NEOHM Elettronica is a Company with specialized customizing capability. 

The effectiveness of this service depends on a continuous dialogue with our clients, 
who share their planning with us, so that, in our turn, we can make available the 
specific next-decade know-how that we offer. 

NEOHM Elettronica tops the European CECC qualifications charts for resistors. 
Our Design Center uses state-of-the-art technology for gate array, standard cell and 
semicustom linear circuit production. 

Standard Product Lines 

- Metal film precision resistors 
- Metal glaze signal and power resistors 
- Carbon film and composition resistors 
- Wirewound precision and power resistors 
- Cermet and wirewound trimmers 
- Resistive networks and attenuators 

Customized Products 

- PCBs with Surface Mounted Device 
- ISO-CMOS gate arrays 
- 2/x-CMOS standard cells 
- Custom and semicustom linear arrays 
- Thick film hybrid circuits 
- Power hybrid circuits 

WE SUPPLY 
STANDARD PRODUCTS 

NEOHM 
I e l e t t r o n i c a I 

WE SUPPLY FRONT LINE 
CUSTOMIZED TECHNOLOGY 

NEOHM ELETTRONICA S p a - 10040 L E I N I (TO) - Via Torino 217 - Italy - Tel. (011) 9989553/664 - Tx: 210577 - Fax: (011) 9981982 
Subsidiary: NEOHM UK Ltd. - 99 Windsor Road, Oldham OL8 1 RP - England - .Tel.: (061) 6240261-6249261 - Tx : 666060 - Fax: (061) 6245109 

8 CERN Courier, July/August 1986 



An idea for a future linear collider using a 
high current drive beam travelling down a 
superconducting linac alongside the main 
linac. 

because these rings could be as 
complicated and costly as the 
linacs themselves. 

Palmer proposed, instead of the 
comparatively slow damping of 
conventional rings, to incorporate 
the idea of Klaus Stefan and use 
high field wigglers as the bending 
magnet structure to speed up the 
damping. Such a lattice could 
damage other beam properties too 

much but it is an approach to the 
important task of achieving low 
emittances in short t imes. 

A t the other end of the machine, 
the necessary colliding bunch 
cross-sections are likely to be of 
the order of a tenth of a micron; 
there the problem of the 'final 
focus' speaks for itself. Palmer 
discussed an idea which is mislead-
ingly called 'super-disruption' since 
it uses the 'disruptive' focusing 
effect of the fields in a bunch act­
ing on the particles in another 
bunch passing through. The idea 
is that each bunch intended for 
high luminosity collision is imme­
diately preceded by a larger 
-liameter bunch which serves as 
d focusing lens as the collision 
bunch passes through. An en­
hancement of about thirty could 
be feasible by this trick. 

Having raised the problems of 
the beginning and the end, there 
comes the middle — the linacs 
themselves. The aim is to find the 
most cost-effective way of con­
verting power drawn from the 
mains into power in the colliding 
beams. The presently considered 
possibilities were neatly reviewed 
by Kjell Johnsen who has become 
involved in this work as Chairman 
of the CERN Linear Collider (CLIC) 
Panel set up to advise the CERN 
Long Range Planning Committee 
led by Carlo Rubbia. 

The GeV per metre accelerating 
gradients which can be generated 

in plasmas by beating t w o laser 
beams have made the beat-wave 
scheme the most alluring of all and 
it must obviously be thoroughly 
investigated. Recent work was 
described by Vittorio Vaccaro. 
Experiments at Los Angeles and 
Quebec confirm the basic principle 
and further tests are being pre­
pared at Rutherford Appleton. 
However grown men, particularly 
those involved in controlled ther­
monuclear fusion, have been 
known to weep at the thought of 
taming a plasma and the payoff 
of the technique is likely to take a 
very long t ime. 

Though not discussed at Erice, 
a much simpler idea for using the 
high gradients in plasmas was put 
forward by Chen, Huff and Dawson 
in 1984 which involves using the 
fields left in the wake of intense 
bunches fired through a plasma. 
Theoretical work is going on at 

Stanford (Ron Ruth, Chao, Phil 
Morton and Perry Wilson) and at 
CERN (Simon van der Meer), where 
Ted Wilson has proposed exper­
imental tests using the new LEP 
electron linac. 

Tom Weiland described progress 
at DESY in investigating the wake-
field technique to achieve high gra­
dients. A hollow beam, 10 cm 
diameter, travels down the rim of 
a cylindical structure to generate 
high gradients along the axis where 
the beam to be accelerated will 
pass. In April they achieved the 
necessary hollow beam accelerated 
to 7 MeV. They hope to be ready 
for experiments at the end of this 
year. 

Some of the interest in this 
wakefield route to high gradients 
has waned since experiments at 
Stanford showed that over 
150 MV per metre can be obtained 
in conventional structures provided 

CERN Courier, July/August 1986 9 



Erice fs Centre for Scientific Culture 

Erice is a small pre-medieval 
city huddled on a hill with splen­
did views over the countryside 
and the sea near Trapani in Sici­
ly. Its age and evident history 
give a deep sense of participat­
ing in continuing human culture; 
its isolation turns off the ev­
eryday world making it an ideal 
environment for thinking. 

It is here that Antonino Zichi-
chi set up the Centre for Scien­
tific Culture named after the 
Italian theoretical physicist Et~ 
tore Majorana. Two monasteries 
(San Domenico and San Rocco) 
and a former palace of the Vice­
roys of Sicily (which became a 
Convent named San Francesco) 
have been restored and provide 

the lecture halls, the accommo­
dation and the offices for the 
Centre. 

By now over seventy Schools, 
covering almost all branches of 
science, hold regular Confer­
ences at the Centre and many 
of them have'high international 
reputation in their respective 
fields. For example the Inter­
national School of Subnuclear 
Physics draws the leaders of 
our own research every year 
and there are Schools on Nu­
clear Physics, Experimental High 
Energy Physics, Cosmic Ray 
Astrophysics, Accelerator Phy­
sics, and Instrumentation. 

Zichichi is particularly proud 
to have initiated a series of 

Seminars on Nuclear War where 
scientific implications are de­
bated with participants from all 
the major powers. From these 
Seminars in 1982 emerged the 
'Erice Statement' on Sjcience, 
Technology and Peace which 
has since been signed by over 
ten thousand scientists world­
wide. 

It is a brilliant achievement to 
have created and sustained such 
a wide ranging and evidently 
successful forum for science. 
These days, it seems to be par­
ticularly in Italy that people have 
the vision, the courage and the 
political will to give practical 
expression to belief in the cul­
tural value of science. 

] 

the power pulse is not long. This 
led to the proposal from Bill Willis 
to switch short pulses of power, 
for example using photocathodes, 
rather than using conventional r.f. 
power. Bob Palmer has recently 
extended this in a 'micro-lasertron' 
and tests are planned at Brook-
haven to see just what it is pos­
sible to get out of photocathodes 
where currents like 1 kA per c m 2 

might be called for. 
Another way of getting power 

in an appropriate form into a high 
gradient structure is a two-beam 
scheme promoted by Andy 
Sessler. It involves a high current, 
low energy beam (topped up in 
energy en route by induction accel­
erator modules) travelling alongside 
the main linac and generating mi­
crowave power to feed the linac 
by passing through free electron 
laser sections. Don Hopkins re­
ported the Berkeley/Livermore 
work which has given encouraging 
results on the ELF free electron 
laser and has produced very ele­
gant high precision engineering in 
the production of pencil-thin accel­
erator structures. 

A major problem with this 
scheme could be retaining the cor­
rect timing between the drive beam 
and the main linac beam. This is 
circumvented in a new scheme 
developed by Wolfgang Schnell in 

the context of the CLIC thinking. 
This received a lot of interest at 
Erice because the concepts are 
not so remote from presently mas­
tered technology. 

It is another two beam system 
with a high current drive beam 
travelling through a superconduct­
ing linac (which keeps average 
power down) alongside the main 
linac. A parameter list has a drive 
linac of 15 GeV powered at 
350 GHz using high efficiency 
(70 per cent) klystrons of 1 M W 
giving accelerating gradients of 
6 M V / m along an active length of 
2.5 km. These figures are all 
achievable today and ought to be 
considerably exceeded by the time 
such linacs are built, with the ex­
ception that the superconducting 
linac would be required to handle 
very intense bunches (around 4 x 
10 1 1 ) . 

The drive linac would be coupled 
to the main linac by using very 
short drive bunches which would 
interact directly with travelling 
wave transfer structures at the 
main linac frequency. (There are 
similar ideas developed by Ugo 
Amaldi and Claudio Pellegrini using 
free electron laser sections to 
create coherent radiation at the 
main linac frequency.) 

In principle high values of trans­
fer efficiency can be obtained, and 

the ratio of the accelerating gra­
dients is proportional to the ratio 
of the linac frequencies. Thus set­
ting the main linac at 30 GHz would 
correspond to an accelerating gra­
dient of 80 M V / m even with the 
low estimate of 6 M V / m in the 
superconducting linac. For 1 TeV 
main linac energy the active length 
would be 12.5 km. 

The outstanding advantages of 
the scheme are the fact that it is 
possible to recuperate into the 
superconducting linac the energy 
remaining in the main linac struc­
ture after the main linac bunches 
have passed, and the fact that the 
drive beam is highly relativistic so 
that the timing relative to the main 
beam would remain in phase all 
along the machine. The main prob­
lem is the need to have very in­
tense (some 4 x 1 0 1 1 electrons) 
drive bunches which are very short 
(a millimetre or less). 

Nevertherless this looks the sort 
of system that could be put on the 
table for construction in some ten 
years or so if a Laboratory has 
sufficient courage to launch a ser­
ious research and development 
programme. This was an encour­
aging thought to carry away from 
Erice. 

By Brian South worth 
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Supercollider design submitted 
Full-length turnout for the first full-length 
(17 metre) dipole of the preferred design 
for the proposed US Superconducting 
Supercollider (SSC) at Brookhaven, ready 
for its transfer to Fermilab for cryogenic 
testing.  

(Photo Mort Rosen, Brookhaven) 

The research and development 
programme for the proposed US 
Superconducting Super Collider 
(SSC) passed a major milestone 
on schedule with the submission 
of a conceptual design report to 
the US Department of Energy (DOE) 
on 31 March. Since then, the de­
sign has been favourably reviewed 
by DOE officials. 

The main volume of the SSC 
Central Design Group Report (SSC-
SR-2020: 'Conceptual Design of 
the Superconducting Super Collid­
er') consists of 712 pages. It cov­
ers the particle physics justification 
for the SSC, its technical founda­
tions in previous big machines and 
the vigorous R&D programme of 
the past three years, the accelera­
tor physics issues that delimit the 
design requirements, the engineer­
ing conceptual design to meet 
those requirements, and the nec­
essary conventional construction, 
as well as the estimated cost and 
schedule. The main volume is ac­
companied by four attachments 
giving details of accelerator para­
meters, magnet design, conven­
tional facilities, and the cost esti­
mate. 

The bottom line on costs is 3.01 
thousand million dollars (1986 
prices), including a 530 million 
contingency, with a tight 6.5 year 
construction schedule. 

The cost estimate is based on 
a detailed analysis of every nut, 
bolt and piece of wire. In accord­
ance with standard US practice, 
the cost estimate includes all la­
bour costs, not only for fabrication 
and civil construction, but also for 
engineering, design and inspection, 
technical supervision, laboratory 
management and support, etc. 

The submission of the Concep­
tual Design Report was the first 
step in a DOE review and evalu­
ation process. From 28 April to 

3 May, 56 DOE reviewers came 
to Berkeley to evaluate the techni­
cal feasibility, estimated cost, and 
proposed construction schedule 
for the SSC, as documented. The 
first three days had the appearance 
of a sizeable conference, with 
many parallel sessions (accelerator 
physics, injector, magnets, cryo­
genics, other accelerator systems, 
tunnelling, surface facilities). 

The review committee, chaired 
by L. E. Temple of the DOE Office 
of Energy Research, concluded 
'the design is technically feasible 
and properly scoped to meet the 
requirements of the US high energy 
physics programme from the mid-
1990s to well into the next cen­
tury'. It also stated 'the SSC cost 
estimate is credible and consistent 
with the scope of the project' and 
'the proposed 6.5 year construc­
tion schedule appears feasible for 
the assumed funding profile and 
for the reasonable assumptions 
made concerning the characteris­
tics of the site'. 

The review is one part of the 

current consideration of the SSC 
within the DOE. Earlier this year, 
in the President's 1987 Budget 
request and in Congressional tes­
t imony, the Department of Energy 
is on record as stating that a major 
review of the status and future 
prospects of the SSC would occur 
this summer. 

Wi th the detailed conceptual 
design in hand, the 1986 Snow-
mass Summer Study (23 June-
11 July) gets its teeth into issues 
of interaction halls and detector 
design, in addition to further explo­
ration of the expected (and unex­
pected) physics that the machine 
would open up. 

Meanwhile, the SSC R&D pro­
gramme continues, with the first 
full-scale (16.6 m) prototype super­
conducting dipole magnets being 
assembled in a string at Fermilab 
for a half-cell test. The inner as­
semblies of beam tube, supercon­
ducting coils, collars, and flux-
return yoke are being fabricated 
at Brookhaven and shipped to 
Fermilab for installation into their 
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cryostats. The half-cell test is 
scheduled to commence in early 
1987. Late in 1987, more full-scale 
magnets will be produced and an 
accelerated lifetime test will begin 
at Brookhaven. 

Based on a joint Berkeley / 
Brookhaven / Fermilab design, the 
magnet embodies a cold iron di-
pole wound with high homogeneity 

niobium / titanium cable in a two-
layer coil of 40 mm inner diameter, 
The coil is prestressed by a lami­
nated stainless steel collar and 
mounted in an iron yoke of outer 
diameter 267 mm. The entire as­
sembly is supported in a split and 
welded stainless steel tube which 
also serves as the helium contain­
ment vessel. It benefits from ex­

perience with two successful series 
(18 magnets) of shorter (1 m and 
4.5 m) model dipoles made at 
Brookhaven and Berkeley. 

In the meantime, the choice of 
this design for the proposed SSC 
has been underlined in the face of 
strong lobbying by the Texas Ac­
celerator Center for its 'superferric 
design (see May issue, page 23). 

European hadrons 
The European Hadron Facility (EHF) 
is a project for particle and nuclear 
physics in the 1990s which would 
consist of a fast cycling high inten­
sity proton synchrotron of about 
30 GeV primary energy and pro­
viding a varied spectrum of intense 
high quality secondary beams (po­
larized protons, pions, muons, 
kaons, antiprotons, neutrinos). 

The physics case of this project 
has been studied over the last two 
/ears by a European group of par­

ticle and nuclear physicists (EHF 
Study Group), whilst the concep­
tual design for the accelerator com­
plex was worked out (and is still 
being worked on) by an inter­
national group of machine experts 
(EHF Design Study Group). Both 
aspects have been discussed in 
recent years in a series of working 
parties, topical seminars, and 
workshops held in Freiburg, 
Trieste, Heidelberg, Karlsruhe, Les 
Rasses and Villigen. This long ser­
ies of meetings culminated in the 
International Conference on a Euro­
pean Hadron Facility held in Mainz 
from 1 0 - 1 4 March. 

The conference was organized 
by members of the Faculty of Phy­
sics of Mainz' Johannes Gutenberg 
University. It took place under the 

Schematic layout of the proposed European 
Hadron Facility (EHF) in its 'green pasture' 
version. The Booster and the Accumulator 
would fit into the same 480 metre tunnel, 
with the Main Ring and Stretcher in a longer 

(960 metre) tunnel. The Linac and Booster 
would be operated at a repetition rate of 
25 Hz, the Main Ring at half this figure. EHF 
would thus produce a primary proton beam 
of 100 microamps (6 x 1014 protons/s). 
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For the secondary EHF beams which would 
be operated in parallel, the MAXIM (Multiple 
Achromatic Extraction of Independent 
Momentum Beams) scheme^ of C. Tschalar 
is a likely contender. These beams would 
be in the Slow Extraction Hall marked on 
the overall schema (page 13). 

patronage of the University's pre­
sident, and was sponsored by the 
Federal German Ministry of Science 
and Technology. The aims of the 
conference were: (1) to review the 
physics programme in both low 
energy particle physics and in mod­
ern nuclear physics wi th non-nu-
cleonic probes, wi th special em­
phasis on interactions in the quark 
confinement regime of quantum 
chromodynamics (QCD); (2) to 
announce the results of the EHF 
Design Study Group on the accel­
erator design, and to prepare the 
way for the project. 

The scientific programme was 
divided into sixteen review lectures 
on various topics in particle and 
nuclear physics, in close relation 
to the experimental possibilities 
opened up by a hadron project 
such as EHF, LAMPF II (Los Ala­
mos), or Canada's KAON, and into 
five parallel sessions on nonpertur-
bative methods in QCD (convener 
D. Amati), meson and baryon 
spectroscopy (E. Klempt), antipro-
ton physics (P. Dal Piaz), mesons 
n nuclei (M. G. Huber), and preci­

sion experiments (E. Zavattini). 
The results of these parallel work­
ing sessions were reported by the 
conveners in a plenary session 
towards the end of the conference 
week. 

The conference was opened by 
N. Cabibbo (Rome) talking on 
trends in particle physics. He 
pointed out the threefold division 
of present experiments into large 
scale active experiments at collid­
ers, the class of passive experi­
ments (such as proton decay 
searches and astrophysical obser­
vations), and the experiments at 
the precision frontier which will be 
possible at new hadron machines. 

The closing lecture by A. Faess-
ler (Tubingen) was devoted to per­
spectives in nuclear physics in the 

light of EHF. This illustrated the 
role such a facility could play in 
European physics, providing a 
bridge between nuclear and ele­
mentary particle physics. In both 
theory and experiment the t w o 
disciplines recently have drawn 
much closer. 

Illustrating this, hadronic inter­
actions in the quark confinement 
regime were covered from the 
point of v iew of particle physics 
by J . Gasser (Bern) who talked on 
chiral perturbation theory, by E. de 
Rafael (Marseille) who discussed 
weak interactions of hadrons, by 
G. Karl (Guelph) who covered 
meson and baryon spectroscopy 
in the light of QCD, and by G. Pre-
parata (Bari) who spoke on spin 
physics at intermediate energies 
and who defended unconventional, 
non-perturbative approaches to 
QCD. 

On the nuclear physics side, the 
same general domain was taken 
up by F. Lenz (SIN) and K. Yazaki 
(Tokyo) who described possibilities 
for uncovering gluonic degrees of 
freedom in meson and baryon 
states by exposing them to nuclear 
matter, and on unconventional 
nuclear properties which arise f rom 
quark interactions. These contribu­
tions illustrated vividly that even 
though tools and methods may 
sometimes be different the physics 
aims are the same: a better under­
standing and more rigorous testing 
of quark interaction theory. 

Hyperon-nucleon and hypernu-
clear physics, as well as the depen­
dence of nucleon quark content 
on its nuclear environment (the 
EMC effect) are closely related to 
this general theme of QCD at low 
energies. These topics were dealt 
wi th by, respectively, V. Hepp 
(Heidelberg), R. Bertini (Orsay), and 
K. Rith (Heidelberg). G. Garvey (Los 
Alamos) described possible ways 

of obtaining new and complemen­
tary information on the physics 
behind the EMC effect. 

Finally, the classical topic of rare 
and ultrarare decays for whose 
study EHF and its sister projects 
are ideal, was covered by 
L.S. Littenberg (Brookhaven) and 
H.K. Walter (SIN). 

F. Bradamante (Trieste), chair­
man of the EHF Design Group, pre­
sented the results of the three pre­
vious machine workshops in the 
form of a detailed proposal. This 
foresees a set of five major com­
ponents: A 1.2 GeV linac; a 
booster taking the beam to 9 GeV; 
an accumulator in the same tunnel 
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as the booster; the main synchro­
tron taking the beam to the final 
energy; followed by a stretcher 
that fits into the same tunnel as 
the main ring of circumference 960 
m (any resemblance to existing 
presently empty tunnels is not 
unintentional). Bradamante pointed 
out that earlier criticisms are no 
longer valid. The price seems un­
der control, the total investment 
for a 'green pasture' version 
amounting to about 870 million 
Deutschmarks. A version using 
existing facilities would be some-

The HERA electron-proton collider 
now being built at the German 
DESY Laboratory in Hamburg will 
be a unique physics tool. Colliding 
820 GeV protons with 30 GeV 
electrons in a 6.3 km tunnel will 
probe the structure of matter down 
to distances of 1 0 - 1 8 — a hundred 
times finer than CERN's proton-
antiproton Collider. 

Electron probes have a tradition 
of opening up new physics fron­
tiers — the Franck and Hertz inves­
tigations which revealed details of 
atomic structure; Hofstadter's 
studies at Stanford which saw the 
structure of the nucleus; and the 
experiments at the Stanford linac 
in the late sixties which showed 
that the nucleon too had a struc­
ture. Will HERA be able to find a 
deeper layer in the structure of 
matter? 

In addition, the machine will be 
able to explore particle interactions 
under new conditions, and will 
supply physics insights comple-

what cheaper because some ex­
penditure on buildings and general 
infrastructure would be saved. 

In his concluding remarks, 
F. Scheck of Mainz, chairman of 
the EHF Study Group, pointed out 
that the physics case for EHF was 
well demonstrated, that there was 
a strong and competent European 
physics community pushing for it, 
and that there were good reasons 
for building it in Europe. He also 
described three site options: a 
'green pasture' version in Italy; at 
CERN using the now defunct ISR 

mentary to those from CERN's LEP 
electron-positron Collider. 

Construction of detectors for 
HERA is a new challenge. As well 
as having to measure particles and 

tunnel (this would require comple­
mentary funding beyond the normal 
CERN budget); and at the Swiss 
SIN Laboratory. Finally he pointed 
out that it was really one large 
community of future users, not 
three, who were pushing for a 
'kaon factory'. Whoever would be 
first to obtain approval, the others 
would beat a path to his door. 

National decisions on the project 
will be taken this year. 

By Florian Scheck 

A ZEUS group meeting, with spokesman 
Gunter Wolf one step in front of the pack. 

(Photo DESY) 

jets of particles with precision at 
up to very high energies, the large 
momentum imbalance between 
the colliding protons and electrons 
means that most of the emerging 
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i ^ l th pllshed or coated surfaces will be manufactured within close 
1 tolerarles. 

Lithiu rf-g i ass-sci n ti 11 a tors are available in special shapes and sizes 
from powders for HPLC and flow cells, discs for neutron measure­
ments etc. various types from low background to very high effic­
iency are available. 

Z I N S S E R 
A N A L Y T I C (uk) Ltd 
unit D9, Depot Road, Maidenhead, Berks, SL6 1BC, 
United Kingdom, Telephone 0628 24570 

A New Generation 
of Analog Sampling 
VLSIC's HAS ARRIVED 
AN101 MICROSTORE 
• Very high speed waveform sampling 

serial analog memory 
• 1 Channel 256 storage cells or 2 

channels with 128 storage cells 
• 160 MHz signal bandwidth 
• 2000:1 dynamic range at 100 MS/s 
• Die size 5mmx5mm 
AN201 CALORIMETRY DATA UNIT 
• Very high density data sampling 

parallel analog memory 
• 32 channels with 2 or 4 storage cells per channel 
• 30 MHz signal bandwidth 
• 4000:1 dynamic range 
• Die size 5mmx5mm 
AN301 MICROPLEX CHIP 
• Silicon strip particle-detector-readout 

charge-sensitive analog memory 
• 128 channels with integrator, data 

and pedestal storage each channel 
• 17.5 MHz signal bandwidth 
• 500:1 dynamic range 
• Die size 4.5mmx6.5mm 
All units are available in tested,undiced wafer form. AN101 and AN201 
are available in single or multiple-unit (hybrid) packages according 
to your specifications. 

/ ^ ~ \ *U.S. and foreign patents pending 

| Analytek 
4123 Alpine Road • 
California • 94025 

Portola Valley 
• USA 

Telephone (415) 851-4867 • Telex 330007 

M a c V E E 
The Direct Link 

from the Macintosh™ 
to VMEbus crates 

Available from: 

| b e r g o z | 
Crozet 

OH70 Gex, France 
(.50)41.00.89 

The system was developed by CERN, Geneva, Switzerland. 
CERN accepts no responsibility for the quality, design or 
performance of these equipment. 
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Construction work for the HERA 
electron-proton Collider at the German 
DESY Laboratory in Hamburg continues to 
progress according to schedule. For 
example installation work has started on 
the linac which will supply DESY's first 
protons (so far DESY has been using 
electrons). Here are seen the first linac 
tanks to arrive. 

HERA progress 

Work is also well underway for the huge 
refrigeration plant for the 6.3 km ring of 
superconducting magnets to handle the 
high energy protons. 

(Photos DESY) 

particles will sweep out in a narrow 
cone around the protons. 

T w o detectors have been pro­
posed — H1 and ZEUS. The re­
mainder of this article describes 
the proposed ZEUS setup: H1 wil l 
be covered in a forthcoming issue. 

ZEUS is a collaboration of some 
3 0 0 physicists f rom 41 research 
institutes in 9 countries. The most 
important design consideration 
Sas been the accurate identification 
and measurement of produced 
leptons (electroweakly interacting 
particles) and ' jets' of hadrons 
(strongly interacting particles) in a 
'hermetic' calorimeter which inter­
cepts all the released energy. 

T w o superconducting solenoids 
are foreseen. A thin solenoid of 
inner radius 86 cm and length 
280 cm mounted between the 
central tracking detector and the 
outer calorimeter will provide a 
field of 1.8 T. In addit ion, a second 
compensating solenoid will be 
inserted in the rear endcap of the 
central iron yoke to provide the 
necessary corrections for the col­
liding beams. 

After experience wi th the 
TASSO detector at DESY's PETRA 
electron-positron collider, the ZEUS 
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More kick for less 
pounds, francs, yen, 
deutschmarkfe^v 
pesetas 
or dollars. H I 

Good news for particle accelerators. J ^ ^ ^ ^ H u lIB 
EEV, a world leader in high energy switching ^J^^^^Hp^^^F ^ 

thyratrons, has now developed a single cathode ^I^^^^Ep '^-gg0r 
multi-gap tube that operates as a bi-directional switch. ̂ ^^JJ* ^ 

Now you can double the power delivered to • ^ H B f e e 
kicker magnets without substantial rebuilding costs. ^ ^ ^ ^ H f ' H 

This new tube, the CX1671, is a plug-in ^ ^ ^ ^ h F 4 l 
replacement for the CX1171. Its unique hollow anode ^ - . 9 
design was originally developed by EEV to switch ^^^^B' 'Wm 
the severe inverse voltages occuring in pulsed gas k l^^^^HL .'ffr 
discharge lasers. ^f l^Brt^' ^ 

When operating at an anode voltage of 80kV, it i ^ H R - ••>••• ^ 
has proved capable of switching 2500 amps of 
reverse current in a 2 microsecond pulse, without any j^^^B^ ^ 
degradation in •performance after 10 million pulses. 

For further information on this state-of-the-art ^^^H|. 
thyratron, contact EEV today. .fl^^Bl ~% 

VThyratrons 
CMl 2QU England. Tel: 0245 261777. 
Y 10523, USA. Tel: 914 592 6050. T 
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team places great emphasis on a 
central vertex detector (VXD in 
the figure) immediately surrounding 
the beam pipe to pick up the frag­
ments emerging directly f rom the 
collisions. This will detect the high­
ly unstable particles which decay 
before encountering the rest of 
the detector. However the final 
design of this vertex detector has 

et to be decided. 
Outside the vertex detector will 

be the central cylindrical tracking 
detector (CDT, radius 85 cm, 
length 245 cm) consisting of a jet-
type drift chamber. Track position 
and energy loss information will 
be measured in nine 'superlayers' 

each containing eight layers of 
sense wires. Four superlayers will 
be f i t ted wi th stereo view wires. 
A resolution of 100 microns is 
expected. Close to the beam, 
tracking wil l be aided by planar 
drift chambers. 

Electron identification will use 
energy loss information from the 
tracking detector together wi th 
the signals f rom the electromag­
netic calorimeter. In the forward 
(proton) direction, transition 
radiation detectors (TRD) will 
'reject' the hadron signal. 

Electromagnetic and hadronic 
energy deposition will be measured 
in a calorimeter (CAL) surrounding 

the central coil, using uranium 
plates as absorber and scintillator 
as the active material to achieve 
the best possible energy resolution 
for hadrons and jets. The calori­
meter will be divided into forward, 
central barrel and rear portions. 
A further 'backing' calorimeter 
(BAC) consisting of an iron box 
and streamer chambers will sur­
round the detector to catch late-
developing showers. Muon detec­
tors will make up ZEUS' outer en­
velope. 

The detector will be structurally 
divided into the inner components, 
supported by the bot tom of the 
magnet yoke, and t w o sideways-
retracting 'clam-shells' carrying 
most of the backing calorimeter 
and the muon detectors. 

The timetable for ZEUS construc­
tion and assembly is governed by 
the delivery date of the solenoid, 
probably in 1988. ZEUS should 
be complete by the summer of 
1990. 

In Greek mythology, Zeus' union 
wi th Hera was divine. It remains 
to be seen whether this will be 
repeated in the ring being built 
underneath Hamburg. 

Proposed layout of the ZEUS detector for 
the HERA electron-proton collider at the 
German DESY Laboratory in Hamburg. With 
820 GeV protons coming in from the right 
hitting 30 GeV electrons travelling in the 
opposite direction, most of the emerging 
particles will be caught in a cone aroud the 
proton direction. The configuration is 
described in the text. 
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The practical optical level meter 
* no connector problems 

* covers all wavelengths and fibre types 

Can't find the right connec­
tor? No such problems with 
the OLP-1 Optical Level Meter. 
There's an adaptor for prac­
tically every type of connector, 
even one for bare fibres! 
Can't match the fibre type? 
Then try the OLP-1. Matches to 
all standard graded-index-, 
monomode- and step-index 
fibres with core diameter 
^ 2 0 0 |im; without the need for 

switching, adapting or recali-
bration. 
Got to change detectors? 
Not with the OLP-1. Just turn 
the switch to measure at 850 or 
1300 or 1550 nm. 
Difficult to use? The OLP-1 
couldn't be simpler to operate; 
connect up, switch on, and 
read off the result. Display 
reads from - 6 0 ( -50) dB to 
+ 3 d B in one continuous range. 

Accuracy is ensured by thermal 
compensation. No need to wait 
for things to settle down if the 
temperature changes! 
On the move? As you'd expect, 
the OLP-1 can be used with dry 
batteries or a Nicad recharge­
able battery; if you need to 
make long-term measure­
ments there's also a mains 
adapter/charger. Battery 
check and auto-off circuits 

ensure long, trouble-free oper­
ation. Why not get to know more 
about the OLP-1? It can be 
used for servicing, in the lab. 
Mains or battery,operation. 
Fill in the coupon for your 
copy of the detailed colour 
brochure and make light work 
of your problems. 

i x 
I n f o r m a t i o n C o u p o n 
I would like: ^ 
• a copy of the OLP-1 colour co 

brochure § 
• a visit from a sales engineer w 

Name 
Company 
Address 

Tel. No. 

W a n d e l & G o l t e r m a n n 
(Schweiz) AG 
Postfach 254 
CH-3000 Bern 25 
Tel. (031)42.66.44 
Telex 32112wago ch 

Your reliable partner for 
electrotechnical insulation problems 

• Glass Fabric Epoxy Laminates 
G-10, G-11,FR-4 

• Glass Mat Epoxy Laminates 

• Glass Mat Polyester Laminates 

• Cotton Fabric Phenolic 
Laminates 

• Hard Paper Phenolic Laminates 

• Moulded Parts of Epoxy Casting 
Resin 

and machined parts made 
of abovementioned 
materials. 

ISOLA The Swiss Insulating Works Ltd. 
CH-4226 Breitenbach/Switzerland 
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Around the Laboratories 

BERKELEY 
Bevalac upgrade? 

The 900-ton fine grain tracking calorimeter 
used by a French/German collaboration in 
the Fre jus road tunnel under the Alps which 
has spotted a candidate for proton decay, 

(Photo F. Siohan) 

Underground protons 

Deep underground in the Frejus 
road tunnel linking France and Italy 
under the Alps is a 900-ton fine 

rain tracking calorimeter used by 
a French/German physics collabo­
ration to look for signs of proton 
decay and to search for directional 
sources of highly penetrating extra­
terrestrial particles. 

Ambit ious theories predict that 
the proton, classically considered 
to be stable, should occasionally 
decay. However these decays 
would be very rare, requiring a big 
detector (lots of protons) opera­
tional for years and well shielded 
f rom cosmic rays which would 
obscure any signal. Initial studies 
showed that the proton was more 
reluctant to decay than was first 
thought. It became clear that the 
search for proton decay would be 
long and hard. 

The Frejus detector went live 
wi th 240 tons of active volume in 

March 1984, and the complete 
version came into action in May 
of last year, accumulating so far 
some 600 ton-years of informa­
t ion. This provides a sample of 
65 'contained' events wi th no visi­
ble incoming track. However all 
these events, except one, look 
likely to be due to invisible incom­
ing neutrinos. The one event which 
remains could be a proton within 
the detector decaying into a num­
ber of particles (electron, pion and 
photon). 

However, a lone event is not 
conclusive, and the big under­
ground detectors continue their 
painstaking search. 

In contrast wi th earlier studies 
which saw signs of mysterious 
ultra high energy muons coming 
from the direction of the binary 
star Cygnus X-3 (see September 
1985 issue, page 264), the Frejus 
study sees no such directional 
source, a result being underlined 
by data coming in from other 
underground laboratories through­
out the wor ld . 

Relativistic (high energy) heavy ion 
physics is emerging as an exciting 
and potentially highly productive 
new branch of nuclear science. 
Projects are afoot at CERN and 
Brookhaven (see June issue, 
page 3). In the meantime the high 
energy spearhead of heavy ion 
physics has been the Bevalac ma­
chine at Berkeley which supplies 
beams of nuclei across the Periodic 
Table at energies from 20 MeV to 
2 GeV per nucleon. 

In March, Berkeley submitted a 
preproposal to the US Department 
of Energy proposing a major Beval­
ac upgrade. It involves replacing 
the venerable Bevatron (which 
commenced operations in 1954) 
by a modern strong focusing 
synchrotron, installing new va­
cuum, beam handling and controls 
systems, and placing an emittance 
matcher in the transfer line from 
the SuperHILAC heavy ion injector. 
The present buildings, shielding, 
injectors and experimental areas 
would continue to be used. Esti­
mated cost is 32.5 million dollars 
(including a 4 0 per cent contin­
gency), and the project could be 
completed in three years. 

The new synchrotron would 
deliver beams over the same ener­
gy range as the Bevalac, but wi th 
a hundred times the current inten­
sity and improved duty factor (from 
20 to at least 50 per cent). Single 
turn injection and extraction would 
allow the new synchrotron to be 
used in conjunction wi th a future 
storage ring. 

The dominant theme of relativ­
istic heavy ion physics is the crea­
tion and study of nuclear matter 
under extreme conditions. A few 
years ago, hot dense nuclear mat-
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The Superstring Syndrome 

Particle theorists all over the 
world have fallen victim to it. 
Should measures be taken be­
fore panic sets in? Noboru 
Nakanishi of Kyoto's Research 
Institute for Mathematical 
Sciences commented in the 
Japanese journal Soryushiron 
Kenkyu (Researches of Elemen­
tary Particle Theory). 

A recent epidemic among the 
Elementaly (sic) Particle Theo­
rists is the Superstring Syn­
drome, which causes the Kaluza-
Klein symptoms. The pathogen 
is said to be much smaller than 
any virus known and is ring- or 
string-shaped. Young and cheer­
ful people are observed to be 
more susceptible to this dis­
ease. The infection is usually 
oral, but since it occurs occa-
sionnally through the eye, spe­
cial precautions are necessary. 

The disease was also epi­
demic more than ten years ago, 
but then the damage was minor, 
since it was not associated with 
the Kaluza-Klein symptoms. 
Eventually Yang-Mills was found 
to be an excellent remedy, and 
most of the cases were said to 
be completely cured. However 
the current wave is much more 
severe, for which Yang-Mills 
can cause undesirable side-

effects rather than cure. 
Adding further to the worries 

is the fact that the brain may 
be affected. Victims believe that 
'anomalies' are at the root of * 
everything. In contrast to heal­
thy people, who regard normal­
ity as such and observe anomal­
ies as deviations from the norm, 
superstring syndrome cases 
prefer anomalies and observe 
normality as an aberration. Re­
searchers into abnormal psycho­
logy are therefore quite inter­
ested in the syndrome. 

Cases also believe in a mira­
cle. Not a comparatively minor 
one like the parting of the Red 
Sea in the story of the Exodus, 
but a Great Miracle in which a 
ten-dimensional space-time is 
divided into four-dimensional 
space-time and a six-dimension­
al space. The magic 'Calabi-Yau' 
spell apparently enables cases 
to see clearly the varied struc­
tures of the six-dimensional 
space. 

Another trouble is that pa­
tients do not recognize their 
own abnormality, regarding the 
Kaluza-Klein symptoms are nor­
mal and disregarding the four­
fold dimensionality of the real 
world. We are worried about a 
possible disaster if an antidote 
is not found soon. 

ter was created for the first t ime 
under laboratory conditions (see 
June 1984 issue, page 196). This 
opened the door to the systematic 
investigation of a wide range of 
exotica, which will be boosted by 
the availability of high intensity, 
high quality, high duty factor 
beams. New experimental tech­
niques will be possible for investi­
gating the equation of state of 
nuclear matter; studies of nuclear 
structure and nuclear astrophysics 
using radioactive beams will be 
extended; new experiments in 
biology, atomic physics and tech­
nology will become feasible. 

The numerous scientific rewards 
could be augmented by subsequent 
addition of a storage ring with 
beam cooling. However this is not 
included in the present proposal 
as a substantial research and de­
velopment effort is first needed to 
optimize the design. 

RUTHERFORD 
APPLETON 
ISIS nice 
The ISIS pulsed spallation neutron 
source continues to make good 
progress. In March the machine 
reached its highest intensity when 
5 x 1 0 1 2 protons per pulse at 
550 MeV and 50 pulses per sec­
ond were delivered to the neutron 
production target. This 40 micro­
amperes of mean proton current 
is 2 0 % of the design performance 
and confirms once again the poten­
tial of ISIS as a powerful accelera­
tor-based pulsed neutron source. 

Much hard work had gone into 
achieving this important milestone. 
It was the first t ime that there had 
been a sustained run at 50 Hz and 
confirmed that all systems are 
capable of performing at the design 

repetition rate. Just prior to this 
highest intensity run, with 4 x 1 0 1 2 

ppp hitting the neutron target, 80 
per cent of the particles from the 
injector were transported to the 
target station. Efficiency of injec­
tion into the synchrotron was typi­
cally 96 per cent, trapping and 
acceleration efficiency was 86 per 
cent and extraction efficiency 
99 per cent. 

However a few systems had 
been giving problems and a three 
month shutdown was called to 
attack these and other items. Also 
during the shutdown, major instal­
lation work will begin for the first 
stage of the muon spin rotation 
and resonance beam which is 

funded by the European Economic 
Community, France, Germany, Italy 
and others. This beam is designed 
as the most powerful muon beam 
for the study of condensed matter. 

On the target station further im­
provements will be made and the 
front ends of three new neutron 
lines will be installed. The remain­
ing t w o radiofrequency cavities 
will be installed on the synchrotron 
to permit trials of operation to­
wards the design energy of 
800 MeV. However priority will be 
given to injector work so as to 
achieve a period of reliable running 
for the neutron scattering research 
programme during the second half 
of this year. 
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A superconducting 
future 
Big machines being considered for 
construction in the next decade in 
both the high energy physics (HEP) 
and fusion energy sectors wor ld­
wide are critically dependent on 
reliable sources of high field high 

erformance superconductors. 
There is also a growing commercial 
demand for such conductors in 
nuclear magnetic resonance sys­
tems operating at about 12 tesla, 
to be fol lowed by an increase in 
field to 16-17tesla in the next 
decade. 

Furthermore it is forecast that 
applications such as magnetic sep­
aration and motors and generators 
will require windings operating at 
9 tesla. It is anticipated that ex­
panding wor ld sales of supercon­
ductor for these known fields of 
commercial application will have 
reached a value of several million 
pounds sterling per annum by 
1990. This however will be far 
xceeded by new HEP and fusion 

requirements if they come to 
fruition at that t ime. 

Significant improvements f rom 
the present state of the art in con­
ductor performance and reliability 
of production will be necessary to 
meet most of the application requi­
rements. The development will be 
expensive compared to the initial 
returns expected from the commer­
cial market but as the timescales 
are short for the big new machines, 
it must be vigorous and actively 
encouraged by the HEP and fusion 
users. 

This situation has its parallels in 
the 1960s development of 
niobium-titanium conductors which 
was almost exclusively led by HEP 
Laboratories. In this sense the pre­
sent wor ld market of around 

£250 million per annum in sales 
of such conductors for use in mag­
netic resonance imaging systems, 
themselves valued at ten times 
this figure, is a spinoff f rom past 
investment in HEP. Such an expan­
sion could not have been foreseen 
in the early days but in view of 
this precedent it should be ex­
pected that high field conductors 
will trigger the development of 
other high technology devices. 

The potential future for high field 
superconductors is clearly very 
exciting. There is however a grow­
ing consensus that collaboration 
and pooling of resources will be 
necessary to meet the high devel­
opment costs. Against this back­
ground and in order to assist the 
process of collaboration, particu­
larly in Europe, an informal meeting 
was held recently at Rutherford 
Appleton Laboratory on the future 
for high field superconducting 
materials, including requirements 
and forecasts for their fulfilment. 

The meeting, jointly sponsored by 
the UK Institute of Physics, the 
Institute of Metals and RAL, was 
attended by 82 participants drawn 
mainly f rom Europe wi th a small 
contingent f rom the US and was 
addressed by 14 invited experts. 
The aim of the meeting was to 
explore technical guidelines for 
conductor development pro­
grammes in which the conductor 
specification covered the widest 
possible range of applications. The 
proceedings should be published 
in a future edition of 'Cryogenics' 
journal. 

by Colin Walters 

At the recent meeting on the future for high 
field superconducting materials held at the 
Rutherford Appleton Laboratory, a point 
by CERN Director Giorgio Brianti (right) 
provokes thoughtful responses from Tony 
Appleton of International Research and 
Development (centre), and Peter Komarek 
of Karlsruhe's Kernforschungszentrum. 

(Photo RAL) 
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Coordinating controls 

While physics Laboratories are 
having to absorb cuts in resources, 
the machines they rely on are be­
coming more and more complex, 
requiring increasingly sophisticated 
systems. Rather than being a re-

ourceful engineer or physicist able 
to timber together solutions in his 
'backyard' , the modern controls 
specialist has become a profes­
sional in his own right. 

Because of possible conflicts 
between increasing sophistication 
on one hand and scarcer resources 
on the other, there was felt a need 
for more contacts among controls 
specialists to exchange experi­
ences, coordinate development 
and discuss 'family problems', 
away from meetings where the 
main interest is on experimental 
physics. 

T w o such controls workshops 
were held last year at Brookhaven 
in January and Los Alamos in 
October, and in subsequent discus-
j o n s European specialists felt the 
t ime had come for them to set up 
a professional group, and the Euro­
pean Physical Society (EPS) 
seemed to provide the best way 
of doing so. 

A t its Council meeting in London 
in March, the EPS approved the 
setting up of an Interdivisional 
Group on Experimental Physics 
Control Systems. Its objectives 
are: to promote controls technol­
ogy in a range of fields (accelera-

On 28 February the High Resolution 
Spectrometer completed five years of 
operation at Stanford's PEP 
electron-positron collider. During this time 
an impressive volume (300 inverse 
picobarns) of data was collected, containing 
over 100 000 examples of electron-positron 
annihilation into quarks at 29 GeV, as well 
as a large sample of final states with weakly 
interacting particles. 

Board members of the European Physical 
Society's Interdivisional Group on 
Experimental Physics Control Systems at 
their first meeting at CERN: (left to right) 
Winfried Busse (Hahn-Meitner Inst., Berlin), 
Michel Prome (GANIL, Caen), Thomas 
Blumer (SIN, Villigen), Peter Clout (Los 
Alamos), Ivo Jirousek (SIN, observer only), 

Axel Daneels (CERN, Chairman), Henri Van 
der Beken (JET, Vice-Chairman), Berend 
Kuiper (CERN), Klaus Muller (KFA, Julich, 
Treasurer). Board member Ted Owen from 
Daresbury does not appear pn the 
photograph. 

(Photo CERN 635.5.86) 

tors, fusion, lasers, etc.); to estab­
lish contacts between specialists 
in Europe and elsewhere; to st imu­
late international cooperation and 
information exchange; to make 
best use of available resources; 
and to foster the adoption of high 
standards. This will be achieved 
through meetings, project investi­
gations, encouraging postgraduate 

training, consultancy, and collabo­
ration. 

The business of the new group 
is handled by a Board wi th mem­
bers mostly drawn from controls 
groups in major European research 
centres. Its chairman is Axel Da­
neels f rom CERN's Proton Syn­
chrotron Division, main instigator 
of the idea for such a group. 
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All enquiries to: 
Micheline FALCIOLA / CERN COURIER -
CH-1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 

CERN 
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Top: Jack Steinberger — a memorable 
65th birthday. 

CERN 
Jackfest 

Over four decades, from his initial 
investigations which helped open 
up meson physics at the end of 
the 1940s to leadership of one of 
the big experiments being prepared 
or CERN's LEP electron-positron 

Collider, the career of Jack Stein­
berger has paced the development 
of particle physics. 

To mark his 65th birthday, 
friends, colleagues and admirers 
at CERN paid a special tribute on 
16 May. T. D. Lee, who was a 
graduate student in Chicago wi th 
him in 1946, sketched the evolu­
tion of the weak interaction and 
in particular Steinberger's own 
landmark contributions. He recalled 
a discussion with Steinberger on 
angular distributions in hyperon 
decays which led Lee (with 
C. N. Yang) to realize that parity 
(left/right symmetry) is broken 
when the weak force is in action. 

Emilio Picasso took over to de­
scribe the current and future status 
of the LEP Collider, scene of the 
ALEPH experiment, Steinberger's 

latest .physics venture, now being 
prepared for final assembly deep 
under the Jura mountains. 

'After T. D. Lee who praised 
him, and Emilio Picasso who buried 
him, it 's my turn ' , said Fermilab 
Director and contemporary Leon 
Lederman. Entitled 'Great suc­
cesses, great failures — incidents 
in experimental physics', Leder-
man's habitual high comedy was 
underpinned by real physics. 

In conclusion, Konrad Klein-
knecht presented the Festschrift 
he had edited in collaboration wi th 
T. D. Lee, wi th contributions f rom 
Baltay to Yang. 

Happy and surrounded by 
friends, Jack thanked all those in 
front and behind the scenes for a 
memorable afternoon. 

Passing through CERN in May was Italian 
Foreign Minister Giulio Andreotti (second 
from right), the second time he has visited 
the Laboratory in less than a year. He is 
seen flanked by (left to right) Nobel 
prizewinners Sam Ting and Abdus Sal am, 
Italian physicist Antonino Zichichi, prime 
mover in obtaining Italian support for new 
projects, LEP Project Director Emilio 
Picasso, and Remo Paolini, Italian 
Ambassador to the International 
Organizations in Geneva. 

(Photo CERN 258.5.86) 

Below: Leon Lederman — Great Successes, 
Great Failures - high comedy underpinned 
by real physics. 

(Photos Gerard Benin, CERN) 
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Department of Physics and Astronomy 
University College London 

HIGH ENERGY 
PHYSICISTS 

The U.CL. High Energy Particle Physics group will have two 
Research Assistant posts available from September 1986, 
with a possibility of one more, and a good chance that a new 
continuing post may be available for an Electronic Engineer (or 
Technical Physicist). These will all be SERC supported posi­
tions, connected with the group's approved research pro­
gramme, either at CERN, Geneva (the OPAL experiment for the 
LEP collider and the NA34/HELI0S experiments at the super-
proton-synchrotron) or at DESY, Hamburg (the ZEUS experi­
ment at the HERA collider). 
Candidates for the R.A. positions should have, or be about to 
get, a PhD in particle physics. Such candidates may also be 
considered for the Electronic Engineer/Technical-Physicist post 
(should it become available) if they have sufficient experience 
and knowledge of the design and development of detectors or 
online readout. The R.A. positions will be one year appoint­
ments, renewable for a further two years. The Engineer's post 
may be continued indefinitely, conditional upon continued 
SERC grant-support. 
Salaries will be in the I.A range (£ 8,020 - £ 12,780 p.a. plus 
£ 1,297 London Allowance; April 1985 scale, subject to na­
tional revision). 
Further information can be obtained either from: 

Dr. D.J. Miller or 
Dr. F. W. Bullock, 
Dept. of Physics and Astronomy, 
University College London, 
Gower Street, 
London WC1 6BT; 
telephone 01 387 7050 extn. 490. 

Letters of application, with full c.v. and the names of three re­
ferees, should be sent to the same address. Closing date (for the 
first two R.A. positions) 22 August 1986. 

4 8 
RECO 
Vanne de regulation microdebit 

Toute une gamme en systeme 
modulaire et en differentes 
matieres. Livrable en standard 
avec corps droit ou d'angle, 
execution a 2 ou 3 voies; 
egalement pour grandes pertes 

de charge. 

vogtlin Instruments SA 
Debit 
L a n g h a g s t r a s s e 1 
C H - 4 1 4 7 A e s c h B L 
T e l . 0 6 1 / 7 8 6 3 0 0 

Pression Niveau 
B u r e a u L a u s a n n e : 0 2 1 / 8 1 2 6 2 9 
B u r e a u F r a u e n f e l d : 0 5 4 / 2 1 5 5 3 9 

Avec une 
longueur de 
mesure d'avance! 

How to visit CERN 

Comment visiter le CERN 

Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum age limit is 16 years. 

Les visites commentees ont lieu seulement le samedi, a 9 h. 30 
et/ou a 14 h. 30. Elles durent environ trois heures et sont 
gratuites. La limite d'age minimum imposee est de seize ans. 

Please write or call: CERN 
Ecrire ou t£lephoner: Visits Organization / Organisation des Visites 

1211 GENEVA 2 3 Switzerland 
Tel. 0 2 2 / 8 3 4 0 52 or/ou 8 3 41 0 2 
Telex 2 3 6 9 8 
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People and things 

On people 

Georges Charpak of CERN has 
been elected foreign associate of 
the US National Academy of 
Sciences. These elections are in 
recognition of distinguished and 

ontinuing achievements in original 
research. 

American Physical Society Awards 

This year's American Physical So­
ciety (APS) awards were distri­
buted at the Spring meeting in 
Washington in April. The Tom 
W. Bonner Prize in Nuclear Physics 
went to Lowell M. Bollinger of 
Argonne National Laboratory; the 
Davisson-Germer Prize to Daniel 
Kleppner of the Massachusetts 
Institute of Technology; the Dannie 
Heineman Prize to A.M. Polyakov 
of the Landau Institute for Theore­
tical Physics in Moscow; the J. J. 
Sakurai Prize to David Gross, of 
Princeton University, H. David Pol-

itzer, of the California Institute of 
Technology and Frank Wilczek, of 
the Institute for Theoretical Phy­
sics, Santa Barbara, California; and 
the Maria Goeppert-Mayer Award 
to Judith Young of the University 
of Massachusetts. 

The 1986 APS meeting was a 
distinctly international affair, with 
participants from 50 Societies, 
and featured an International Con­
ference on Research and Commu­
nications in Physics. 

Presented at the American Physical 
Society's Forum on Physics and 
Society was the Leo Szilard Award 
for Physics in the Public Interest, 
which went for 1986 to Arthur 
H. Rosenfeld of Berkeley for his 
work in the application of physics 
to energy conservation. Rosenfeld 
originally worked at Berkeley with 
Luis Alvarez in particle physics, 
and created the famous 'Rosenfeld 
Tables'—the periodic Review of 
Particle Properties, now compiled 
by what has become known as 
the Particle Data Group. In 1974 
he turned his interests to energy 

Left to right, Sergei Denisov, Yuri 
Prokoshkin and Mirian Mestvirishvili of 
Serpukhov, USSR, who received 1986 
Lenin Awards for science and technology, 
together with Nguyen Van Heu of Vietnam. 

conservation, and is now Director 
of the Center for Building Science 
at Berkeley. 

Lenin Prizes 

Recipients of the 1986 Lenin Prize 
awards for Soviet science and 
technology include Sergei Petrovich 
Denisov, and Yuri Dmitrievich Pro­
koshkin, Corresponding Member 
of the USSR Academy of Sciences, 
both of them Departmental Heads 
at the USSR's Institute of High 
Energy Physics, Serpukhov. 

Prokoshkin is also spokesman 
of the joint CERN/USSR experiment 
studying pion-proton interactions. 
Awards go also to Mirian Aleksee-
vich Mestvirishvili, Laboratory Head 
at Serpukhov, and to Nguyen Van 
Heu, President of Vietnam's Na­
tional Centre for Scientific Re­
search, and currently a member 
of the International Committee for 
Future Accelerators (ICFA). The 
awards are in recognition of their 
important work on production pro­
cesses in strong interactions. 
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THE INSTITUTE 
OF PARTICLE PHYSICS 

OF CANADA 
The Institute of particle Physics of Canada (IPP) invites applications for 

positions in experimental particle physics. Depending on experience and 
qualifications the applicant will be considered for appointment as Re­
search Associate or Research Scientist. The Research Scientist appoint­
ment will be associated with an academic position at a Canadian univer­
sity and includes the right to hold research grants and supervise graduate 
students. This appointment may lead to permanence after three years. 
The successful candidate will participate in the exerimental particle 
physics program of the Institute which is listed below: 

(I) 

(III) 

(IV) 
(V) 

(VI) 

e + e - collisions in the T region (ARGUS Group at DESY) ; 
photoproduction of charmed particles in a tagged photon beam 
(E691, FNAL) ; 
hadronic production of p-wave charmonium states and direct 
photons (E705, FNAL); 
direct lepton production at the CERN SPS (NA34); 
hadronic collisions with the UA-1 Detector at the CERN SPS 
Collider; 
e + e~ collisions at LEP (OPAL Group at CERN) ; 

(VII) e-p collisions at HERA (ZEUS Group at DESY), including participation 
in the accelerator construction; 

(VIII) e + e~ collisions at the SLC (SLD Group) ; 
(IX) Quark Structure of the Hyperons (E811, BNL). 

Interested persons are invited to apply, including Curriculum Vitae and 
the names of three references to : 

D.G. Stairs, Chairman 
The Institute of Particle Physics 

Rutherford Physics Building 
McGill University 

3600 University Street 
Montreal, Quebec H3A 2T8 

Canada 

Applications should be received before August 31,1986. In accordance 
with immigration regulations, preference will be given to citizens or per­
manent residents of Canada. 

The Nuclear Physics section (K) of 
NIKHEF, the Netherlands' National 
Institute for Nuclear Physics and 
High-Energy Physics, has two 
openings for a position resident at 
Geneva (CERN) for an 

Experimental Postdoctoral 
Physicist (m/f) 

to participate in the New Muon collaboration (NMC) which has 
an approved research programme on the EMC-effect and relat­
ed QCD-aspects of nuclei at the 300 GeV muon beam at CERN. 
They will act as local contact person and supervisor of PhD 
students of the recently initiated Dutch participation in this 
programme. Experience in High-Energy and/or Nuclear Physics 
Instrumentation is required. 

The appointment will be for two years with the Foundation for 
Fundamental Research on Matter (FOM). Information can be 
obtained from Dr. R. van Dantzig, tel. (20) 5920120 or 430315. 

Candidates are invited to apply within a month after appearance 
of this advertisement, while enclosing a curriculum vitae and 
names of referees, to 

Prof. Dr. G. van Middelkoop, 
Scientific Director 
of NIKHEF section K, 
P.O. Box 4395, 
1009 AJ Amsterdam, 
the Netherlands. 

UNIVERSITE DE GENEVE 
Le Departement de physique theorique de 
la Faculte des sciences ouvre une inscrip­
tion pour un poste de 

maTtre d'enseignement 
et de recherche 

Fonction a plein temps exigeant un doctorat ou 

titre equivalent. Enseignement (minim. 2 heures) 

et recherche en theorie des champs et des parti-

cules. Taches d'organisation. 

Entree en fonct ions: 

1 e r octobre 1987 ou a convenir. 

Pour information et inscription, priere de s'adres-

ser avant le 1 5 juillet 1986 au 

Prof. C. P. Enz, 

directeur du Departement 

de Physique theorique, 

24, quai E.-Ansermet, 

CH-1211 Geneve 4 

THE PENNSYLVANIA 
STATE UNIVERSITY 

Experimental 
High Energy Physics 

The Department of Physics is seeking candidates for a tenure-
track position of Assistant or Associate Professor in Experi­
mental High Energy Physics starting in the 1986-87 or 
1987-88 academic year. 
Candidates should have a Ph.D. in Physics, an established 
record of research accomplishments and expect to work ini­
tially in conjunction with other faculty and staff in the research 
effort at Penn State. 
Research projects which are presently in their early stages 
include Fermilab experiment E-706, a study of direct photon 
production utilizing a spectrometer with liquid argon calori-
metry located in the Meson Laboratory, and Fermilab experi­
ment E-760, a study of charmonium states utilizing a hydrogen 
gas jet target inside the antiproton accumulator storage ring. 

A desire and aptitude for teaching of undergraduate and 
graduate students is essential. 
Send applications, including a curriculum vitae and names of at 
least four references, to 

Professor Gerald A. Smith 
Head 
Department of Physics 
Box B. 
The Pennsylvania State University, 
University Park, PA 16802, 

by September 1 5, 1 986, or until a suitable pool of applicants is 
identified. 
An affirmative action I equal opportunity employer. 
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Andre Berthelot 

Andre Berthelot 

Andre Berthelot, former director 
of Saclay's Department of Elemen­
tary Particle Physics, died on 
30 March at the age of 74. 

He was the initiator of fundamen-
I physics research in the French 

Atomic Energy Commission and 
in 1947 set up its nuclear physics 
branch, becoming its head. In 
1958 he established what was to 
become the Department of Elemen­
tary Particle Physics, of which he 
remained head until 1975. Under 
his leadership, Saclay became one 
of Europe's leading centres for 
particle physics. 

Professor Berthelot was a scien­
tific pioneer who left his mark on 
the development of French and 
European physics. 

Beam frontiers 

Together the CERN Accelerator 
School and the US Particle Accel­
erator School organize a series of 

courses on advanced topics. This 
year's course, Frontiers of Particle 
Beams, will be the second in this 
series and will be held on South 
Padre Island, Texas, from 23-
29 October. It should be useful for 
graduate students, post-doctoral 
researchers and scientists inter­
ested in entering accelerator phy­
sics as well as experienced work­
ers. Material from previous general 
accelerator schools would provide 
suitable preparation. The number 
of participants (including lecturers) 
is limited to 150. 

Further information from US Par­
ticle Accelerator School, c/o Mar­
ilyn Paul, Fermilab MS 125, P.O. 
Box 500, Batavia, Illinois 60510, 
USA, or CERN Accelerator School, 
c/o Suzanne von Wartburg, CERN, 
1211 Geneva 23, Switzerland. 

Proceedings 

The Proceedings of the Joint US-
CERN School on Particle Acceler­
ators, held in Santa Margherita di 
Pula, Sardinia, in 1985 are available 
as Lecture Notes in Physics, 
No. 247, Nonlinear Dynamics As­
pects of Particle Accelerators, pub­
lished by Springer-Verlag, Berlin. 
The proceedings were edited by 
J. M. Jowett and S. Turner (CERN) 
and M, Month (Brookhaven). 

Fermilab and industry 

The Fermilab Industrial Affiliates 
organization was established to 
improve university-industry 
research communications and to 
foster technology transfer from 
Fermilab. The Affiliates' meeting 

this year concentrated on particle 
physics in the nineties, with talks 
on the design of the proposed US 
Superconducting Supercollider, 
discussion of future instrumenta­
tion and electronics needs, and a 
review of supercomputer develop­
ments. 

There was also a report on the 
new proton accelerator for medical 
therapy project at Fermilab. This 
is developing a small proton accel­
erator for Lorn a Linda hospital in 
California that may serve as a pro­
totype for a series of accelerators 
for hospital use. The State of Illi­
nois has awarded the Laboratory 
a grant to promote commercia­
lization of medical accelerator tech­
nology. 

Fermilab Industrial Affiliates now 
includes forty institutions. 

Meeting on Symmetry 
in Nuclear Physics 

The Joliot-Curie School of Nuclear 
Physics organized by the French 
Institut National de Physique Nu-
cleaire et de Physique des Particu-
les, together with the Institut de 
Recherche Fondamentale du Com­
missariat a I'Energie Atomique will 
be held from 15-19 September at 
Maubuisson, France. The school 
is aimed at all nuclear physicists, 
experimental and theoretical, with 
a special effort to cater for non-
specialists. The theme this year is 
'Symmetries in Nuclear Physics'. 
Further details from Mme. E. Ferret, 
Ecole Joliot-Curie, IN2P3, 20 rue 
Berbier du Mets, 75013, Paris, 
France. There are no registration 
fees. 
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Continuous Electron Beam 
Accelerator Facility (CEBAF) 

Associate Director for Research 
located in Newport News, Virginia, the CONTINUOUS ELEC­
TRON BEAM ACCELERATOR FACILITY (CEBAF) is building a 
4 GeV high-intensity, continuous wave electron accelerator 
utilizing superconducting RF technology. Its scientific goal is to 
study the structure and behaviour of the nuclear many-body 
system, its quark substructure, and the strong and electroweak 
interactions governing the properties of this fundamental form 
of matter. 
We are presently searching for a nuclear physicist to direct the 
research program at CEBAF. As Associate Director of the 
Research Division, primary responsibility will be to oversee the 
design of the experimental facilities, including magnetic spec­
trometers, detectors and the experimental halls. The candidate 
shall also promote projects and programs, such as joint univer­
sity programs, colloquia, symposia and meetings for the deve­
lopment of young scientists in the field of physical science. 
To qualify, applicants must have a minimum of 1 5 years pro­
gressively responsible experience in nuclear physics, parti­
cularly in the design of complex and nuclear physics experi­
mental facilities. Criteria also include a demonstrated ability to 
direct and coordinate teams of scientists in spectrometer and 
subsystem design. 
To apply, submit a curriculum vitae, bibliography, and three 
professional references to: 

Personnel Director 
CEBAF 
12070 Jefferson Avenue 
NEWPORT NEWS / VA 23 606 

Qualified candidates will be referred to the Search Committee, 
chaired by John Schiffer (Argonne), and including Peter Barnes 
(Carnegie-Mellon), Gerry Garvey (Los Alamos), Stan Kowalski 
(M.I.T.), and Bob Siegel (William and Mary). 
CEBAF is proud to be an Equal Opportunity Employer. 

RESEARCH SCIENTISTS 
EXPERIMENTAL HIGH 

ENERGY PHYSICS 
Supercomputer Computations 

Research Institute 
Florida State University 

The Supercomputer Computations Research Insti­
tute of the Florida State University is seeking qua­
lified candidates for 2 full time permanent research 
positions in experimental high energy physics. Pre­
ference will be given to scientists with strong soft­
ware orientation willing to investigate the use of 
vector computers in the analysis of high energy 
physics data. Hardware experience is desired. Suc­
cessful candidates will be involved in the ALEPH 
(LEP) or DO (Fermilab) collider experiments. Appli­
cants should submit a curriculum vitae, list of publi­
cations and arrange for three letters of recommen­
dation to be sent to 

Dr. Joseph Lannutti 
Director 
Supercomputer Computations 
Research Institute 
Florida State University 
Tallahassee, Florida 3 2 3 0 6 - 4 0 5 2 
U.S.A. 

The Florida State University is an Equal Opportuni­
ty, Affirmative Action Employer. 

PHYSICS DEPARTMENT 
OF STANFORD UNIVERSITY 

annonces an opening for the position of 

Professor 
in experimental atomic, 

molecular, laser 
and optical physics 

The Physics Department of Stanford University has an opening 
for a tenured faculty position in experimental atomic molecular 
laser and optical physics. 
The applicants must have demonstrated ability to do significant 
independent work and must show promise of making a major 
impact on the field in the years to come. Excellence in the 
teaching of physics at both the undergraduate and graduate 
levels is an important requirement for the position. 
Stanford University is an equal opportunity employer. We are 
specially interested in having applications from women and 
minority persons. 
Interested persons are requested to send a resume containing 
curriculum vitae, a list of publications and names of at least 
three references to 

Professor Arthur SCHAWLOW 
Chairman, Atomic Molecular Laser 
and Optical Appointment Committee 
Physics Department 
STANFORD UNIVERSITY 
STANFORD/California 94 305 

Those wishing to draw the committee's attention to 
potential candidates are invited to write to the same 
address. 

THE UNIVERSITY OF GENEVA 

has an opening for a position of 

SENIOR RESEARCH ASSOCIATE 
(maTtre d'enseignement et de recherche) 

in the Department of Nuclear and Particle Physics. 

This full time position requires a wide knowledge of 
subnuclear physics, data processing and experi­
mental techniques. An established record of 
accomplishment in these fields of about 5 years or 
more after a Ph.D. in physics is expected. 

The holder will participate in the L3 experiment at 
LEP. He will also have to perform some teaching 
duties. 

The appointment may be effective as of January 1 s t , 
1 987 or at any other date upon mutual agreement. 

Applications should be sent before September 30, 
1986, to 

the Director 
of Departement 
de physique nucleaire 
et corpusculaire. 
Prof. E. Heer, 
24, quai E.-Ansermet, 
CH-1211 Geneve 4 

from whom further information may be obtained. 
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W for Watkins 

Recently published by Cambridge 
University Press in the UK is the 
'Story of the W and Z', a first-hand 
account of the discovery at CERN 
in 1983 of the carriers of the weak 
force written by Peter Watkins, of 
the University of Birmingham and 

member of the UA1 collaboration 
at CERN. As well as explaining the 

discoveries, Watkins' book pro­
vides an interesting insight into 
the daily life of modern physicists 
with its ups and downs. 

Another book covering the W/Z 
saga is 'The Particle Connection' 
(published by Hutchinson in the 
UK and Simon and Schuster in the 
US), written by Christine Sutton, 
an ex-particle physicist who has 
subsequently carved out a name 
for herself as a writer on the sub­
ject. 

ICFA actions 

Though the vision of a 'world' 
accelerator stays beyond the hori­
zon, the International Committee 
for Future Accelerators does con­
tinue to provide a forum for inter­
regional cooperation on front line 
research and technology in particle 
physics. 

Recent activities included a 
Workshop on Superconducting 
Magnets and Cryogenics held at 
Brookhaven (we will carry a report 
on the meeting in a forthcoming 
issue). The ICFA Instrumentation 
Panel is planning a School on 'Con­
cepts and Trends' in ICTP Trieste 
for June 1987. This Panel also 
publishes its' Instrumentation Bul­
letin' to convey recent develop­
ments to the community. 

CERN Director General Herwig Schopper 
(left) welcomes Swiss President Alphons 
Egli to the Laboratory in May. 

(Photo CERN 29.5.86) 
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D o y o u have 
crevice cor ros ion 

problems? 
I f y o u h a v e , t h e s o l u t i o n i s t h e I n e r t a m e t h o d s t a t i o n n e e d o n l y b e s h u t d o w n f o r 1 0 - 1 5 
- d e v e l o p e d j o i n t l y b y I n e r t a S e r v i c e A B a n d d a y s , t h a t i s t o s a y t h e s a m e as t h e r e g u l a i 
S w e d i s h S ta te P o w e r B o a r d . m a i n t e n a n c e s h u t - d o w n p e r i o d . 

A n o t h e r a d v a n t a g e o f t h e m e t h o d i s t h e TOTAL UNANIMITY s p e e d a n d ease w i t h w h i c h c o r r o s i o n is d i s -
T C t , u i . u j u u • c o v e r e d a n d r e m e d i e d . 
I n S w e d e n t h e m e t h o d h a s b e e n u s e d t o r s i x c . . 1 1 U u . A A u , 

j 11 ! , i S a v i n g s w i l l be s u b s t a n t i a l i n r e d u c e d s h u t -
y e a r s . I n a l l , s i x n u c l e a r p o w e r s t a t i o n s h a v e d o w n t i m e a l o n e 
b e e n t r e a t e d . 

T h e r e i s c o m p l e t e u n a n i m i t y i n t h e MORE FACTS 
S w e d i s h n u c l e a r p o w e r i n d u s t r y : 
N o o t h e r m e t h o d o f c o r r o s i o n p r o t e c t i o n i s F o r f u r t h e r d e t a i l s , s e n d t h e c o u p o n b e l o w 
a n y w h e r e n e a r as e f f e c t i v e a n d a d v a n -

K X t l ™ c o r r o s i o n i n t h e tur" INERTA SERVICE AB 
U s i n g t h e I n e r t a m e t h o d a n u c l e a r p o w e r B o x 10090, S-742 00 O S T H A M M A R , S w e d e n . 

ifi'iiiiiiiiiiimiHiiiii g ; ; . ^ ? 

" • ^ ^ B E I m I l~1 Y E S ! I ' m v e r y i n t e r e s t e d , so s e n d m e m o r e 
< f l l h T ^ I l k , * : ' ' l | i n f o r m a t i o n s . 

™ I f [ N a m e . 

F u n c t i o n 

C o m p a n y / p l a n t . 
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CRYSTAL BALLS? 
XP3462! 
T h e u n i q u e a n s w e r to crys ta l ball 
r e q u i r e m e n t s . D e v e l o p e d for K f K ' s 
neu t r i no e x p e r i m e n t , 
t he X P 3 4 6 2 o f fe rs a c o m b i n a t i o n of r ise 
t ime and e n e r g y reso lu t i on u n e q u a l l e d 
by o the r 3 " P M T s . 

t r = 3 ns, a n o d e pu lse r ise t ime for de l ta - func t ion l ight pu lse 
R E = 1 0 % f o r 5 7 C o a n d 3 " x 3 " N a l ( T I ) scint i l lator 
G - 1 0 6 at 1500 V 
Pulse l ineari ty w i th in 2 % up to 100 mA. 

Plastic ball photo courtesy of LBL/GSI 

We've set the standard for over 20 years 
Phil ips Elect ronic C o m p o n e n t s and Mater ials Div is ion, 5600 MD E indhoven , The Ne the r lands . Te lex 3 5 0 0 0 phtc nl 
In the U.S.A.: A m p e r e x E lec t ron ics Corpo ra t i on , Hicksvi l le NY 11802 , (516) 931 - 6 2 0 0 

PHILIPS Electronic PHILIPS c o m p o n e n t s 
and m a t e r i a l s 



LeCroy Q | >n n e 

FASTBUS ADC LeCroy FASTBUS ADC's are already in use in experiments throughout 
Gets Faster! t h e world. With 96-channel per single FASTBUS slot density, more 

than 2300 channels of calorimeter or silicon strip detector can be read 
out into a single FASTBUS crate. The 12-bit (Model 1882N) or 15-bit 
bilinear ,(Model 1885N) version provides the most economical match to 
the detector's dynamic range. 
Two new fast versions of the LeCroy FASTBUS ADC are now 
available: the Model 1882N/100 (12-bit) and the Model 1885N/100 
(15-bit) with 375 /xsec conversion times. The standard 96-channel den­
sity, 50 fC/ count sensitivity (on low range), 600 nsec Fast Clear, etc., 
have all been retained. 

CAMAC 
>er Optic Link 

Fusion and high power Laser Physics researchers often must link 
their data acquisition systems with high-speed, noise immune fiber 
optic links in order to avoid severe noise problems and differences in 
earth potentials. The LeCroy Model 5211 CAMAC Fiber Optic Link is a 
true UART (Universal Asynchronous Receiver Transmitter) that pro­
vides a 5 megabyte/sec fiber optic data and control path between 
CAMAC crates without data rate degradation through each station. 
Up to 62 crates may be linked in a single chain. 

Announcing New 
Pulse Shape Recorder 

Announcing New 
FASTBUS Product for 

VAX Compatibility 

The LeCroy Model 2262 is a high-speed multichannel plug-in pulse 
shape digitizer providing a cost-effective solution to large scale 
waveform recording requirements. Designed in a modular standard for 
ease of system configuration, the 2262 offers basic digitizer operation 
without frills at an affordable cost. 
The 2262 is DC-coupled with an analog bandwidth in excess of 40 MHz 
and user selectable sampling speeds up to 80 MHz with 10-bit resolu­
t ion. It is intended for a broad spectrum of applications including 
nondestructive testing, ultrasound scanning for industry and medical 
research, transition radiation and image chamber detector develop­
ment in High Energy and Heavy Ion Physics, destructive testing, and 
basic digital oscilloscope operation. The Model 2262 is WAVEFORM-
CATALYST and IBM-PC compatible via GPIB interface. 

The LeCroy 1821/VAX permits VAX computer users to interface direct­
ly to FASTBUS via our high performance Model 1821 Segment 
Manager/Interface (SM/I). When equipped with the 1821/DEC hardware 
option, the 1821 connects to either the DEC UNIBUS or QBUS via DEC 
Interface Card DR11-W. This new FASTBUS product, consisting of a 
set of VMS drivers, eliminates the need for a PDP-11 computer to run 
LeCroy support software. The 1821-linked UNIBUS may now connect 
directly to VAX computer Models 750, 780, 8600 and 8650. This pro­
duct has been successfully tested at Fermilab. 

VAX, DEC, UNIBUS, QBUS, DR11-W, VMS AND PDP-11 are registered trademarks 
of Digital Equipment Corporation 
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700 South Main Street, Spring Valley, NY 10977, USA 
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