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Microprocessors 

In a relatively short time, modern 
semiconductor technology has 
made a significant impact on the 
methods of particle physics. No­
where has this been more evident 
than at the first ever Topical Confer­
ence on the Application of Micropro­
cessors to High Energy Physics 
Experiments, held at CERN from 4-6 
May. 

During recent years, new methods 
have been perfected which enable 
complex electronic logic to be mass-
produced in small integrated circuits 
or 'chips', whose dimensions are 
typically measured in millimetres. 
The dramatic rate of progress in this 
field has provided logic units capable 
of carrying out increasingly complex 
operations at higher speed and at 
lower cost. Using these units, 
designers are producing custom-
built systems to meet an ever grow­
ing variety of requirements. 

Among the purists, the word 'mi­
croprocessor' is generally taken to 
mean a fairly complete programma­
ble processing unit with a fixed 
instruction set and assembled on a 

ngle chip. In some cases the capa-
oilities of these devices can even 
rival those of minicomputers, or per­
haps in the near future even main­
frame computers. 

As well as using such commercial­
ly-available processors, physics also 
exploits purpose-built micro sys­
tems. In particular, the availability of 
'bit slices' - microprogrammable 
units - has provided a highly useful 
new brick for building intelligent sys­
tems. 

In the concluding talk at the Con­
ference, C. Verkerk of CERN pointed 
out that the general objectives of all 
this activity are to improve the qual­
ity of an experiment, either in terms 
of the data it produces, or its running 
conditions. 

In modern particle physics, where 
more, and bigger, experiments are 

A t the recent Microprocessor Conference 
at CERN, many 'poster' sessions included 
hardware exhibits which provided a useful 
balance to the oral presentations. 

(Photo CERN 231.5.81) 

searching for rarer and rarer events 
amid ever increasing event rates, 
these objectives seem to be espe­
cially relevant. Thanks to modern LSI 
microcircuitry, substantial progress 
is being made. 

Many Conference speakers em­
phasised the specific goals of parti­
cle physics micro applications. If a 
good rejection of unwanted informa­
tion can be made early in the deci­
sion chain, the data is initially 
enriched. If this can be done quickly 
enough, the dead time (when the 
data acquisition system is unable to 
accept more incoming data) can be 
reduced and the rate at which inter­
esting events can be recorded 
increases. With such a data sample, 
the subsequent off-line data han­
dling and processing load becomes 
less onerous. The ultimate goal 
would be event analysis in real time, 
with experiments indicating their 
results as they went along. 

At the Conference, invited speak­
ers summarized the micro develop­
ments at the major Laboratories 
(CERN, DESY, SLAC, Fermilab, 
Brookhaven and Cornell), while 
shorter presentations summarized 
individual projects. Very striking was 
the diversity of projects either in 
operation or still in the development 
stage. User groups appear to be 
adopting micro solutions piecemeal, 
there being only a few examples of 
ready-to-use micro systems which 
have so far attracted widespread 
interest. 

Many speakers indicated the at­
traction, almost fascination, which 
these micros have. With high energy 
physics becoming increasing cen­
tralized, micros, according to Ver­
kerk, provide small groups or even 
individuals working at their home 
institutes with a means of contribut­
ing directly to a large experiment at a 
remote Laboratory. While this activ-
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The 168/E microprogrammed processor 
which emulates the IBM 370/168 mainframe 
computer. First developed at SLAC, it is 
now being considered for some 50 physics 
applications worldwide. 

(Photo CERN 586.3.81) 

ity is welcome, Verkerk asked 
whether the resulting proliferation of 
systems is really necessary. 

At the front end of experiments, 
data acquisition increasingly uses 
very fast programmable micro pre­
processors as a flexible means of 
treating initial raw data to supple­
ment the efforts made so far using 
hardwiring alone. This has been 
brought about by the emergence of 
large detectors at colliding beam 

machines, such as those at PETRA, 
and through the widespread use of 
big calorimeters. 

After initial triggering by fast hard­
ware logic, the next objective is to 
reduce the data rate further by addi­
tional methods such as look-up table 
techniques, hardwired processors, 
or specially developed processors. 
At DESY, there is a proliferation of 
look-up tables using fast read-only 
memories and similar devices. At 
Fermilab, with many experiments 
searching for small effects at high 
event rates, several examples can be 
found of sophisticated hardware 
triggering. 

After hardwiring has-absorbed the 
brunt of the incoming data rate, the 
use of microprogrammed devices for 
further event selection and other 
tasks seems to be on the increase. 
However many speakers at the Con­
ference emphasised the program­
ming difficulties encountered in this 
sector. 

One method of sidestepping pro­
gramming problems is to design a 
processor which emulates the work­
ing of a commercial computer. One 
of the notable examples is the 
168/E, which emulates the IBM 
3 7 0 / 1 68. First developed at SLAC, 
it is now being considered for about 
50 applications worldwide. As well 
as handling off-line number crunch­
ing at respectable speeds, this pro­
cessor has also been successfully 
demonstrated on-line, for example 
at the Split Field Magnet at CERN 
and in the hybrid bubble chamber at 
SLAC. 

Another successful emulator des­
cribed at the Conference is MICE 
(MICprogrammable Engine) devel­
oped at CERN and which can pro­
cess even faster than the PDP 11 it 
emulates. One example of its use is 
in the read-out and processing for a 
positron camera for medical applica­
tions, providing three-dimensional 

imaging in real time - computer 
assisted tomography - hence its 
name CAT and MICE! 

At the moment, triggering in phy­
sics experiments has to be largely 
restricted to hardwiring. Truly pro­
grammable devices can only cope 
once the useful event rate has been 
reduced to about 1 0 4 or less per 
second. While the frontier of prr 
grammable intelligence is gradually/ 
being extended, physicists can still 
only dream of the day when they will 
have fully programmable triggers 
with on-line event analysis providing 
digital displays of the physics param­
eters ! 
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Mini betas at DESY 

Klaus Steffen seated on one of the mini-beta 
quadrupoles at DESY's PETRA electron-
positron collider. 

(Photo P. Waloschek) 

After two and a half years of opera­
tion, the PETRA electron-positron 
ring at DESY has reached a remark­
able level of performance. In April, 
the rate of useful particle collisions 
recorded in the four running experi­
ments was nearly three times higher 
than last year. The number of events 
collected per day now corresponds 

two months of running back in 
979. Peak luminosity has reached 

1.6 x 1 0 3 1 per cm 2 per s and lumi­
nosity per day is well over 700 
events per nanobarn. 

A major improvement of the 
machine was achieved with the 
addition of focusing quadrupole 
magnets in so-called 'mini beta' sec­
tions. These have been installed to 
squeeze the beam in the four colli­
sion regions and are now in routine 
operation. 

The ideas developed at DESY to 
improve focusing have proved to be 
feasible and moreover compatible 
with the requirements of the experi­
ments mounted at the collision 
regions. In practice, the new mini 
beta sections have not degraded any 

achine parameters; in particular 
the beam lifetime of several hours 
has remained unchanged. This con­
firms previous calculations and in­
creases confidence that the PETRA 
machine is now well understood. 

The present techniques used at 
PETRA to achieve record electron-
positron collision rates have come a 
long way in the twenty years since 
Bruno Touschek proposed counter-
rotating beams of electrons and 
positrons stored in a single ma­
chine. 

By improving the focusing at the 
crossing points to reduce the trans­
verse dimensions of the stored 
beams, the 'target density' of one 
beam seen by the other is increased. 
This procedure has been used in all 
electron-positron storage rings over 
the last ten years, and is also profit­

ably applied in the CERN Intersect­
ing Storage Rings to improve the 
proton-proton collision rate (see 
March issue, page 59). 

But it is not only the transverse 
dimensions of the beam at the inter­
action point which are important. 
The beam divergence is also relevant 
because of the effects of one beam 
on the other. The electromagnetic 
field of one bunch affects the parti­
cles in one travelling in the opposite 
direction and causes a nonlinear 
focusing disturbance. Above a criti­
cal current, one beam may destroy 
the other (usually the weaker). This 
is usually referred to as the beam-
beam limit, and can be reduced by 
increasing the beam divergence at 
the collision point. 

To attain high luminosities near 
the beam-beam limit, a small beam 
size and a large beam divergence are 
required at the collision point. The 
ratio of beam size to divergence is 

usually called the beta value, so this 
parameter should be particularly 
small at the collision point. 

In electron storage rings, beam 
size could be reduced in principle by 
increased quadrupole focusing eve­
rywhere. This reduces the product of 
beam size and beam divergence 
which, according to a general beam 
transport law, for a given machine is 
constant around the ring. Instead, 
the beta ratio can be made locally 
very small by focusing the beam with 
strong divergence into a narrow spot 
(beam waist). In machines without 
low beta sections, a reduction of the 
beam cross-section (over the whole 
machine) has never provided signifi­
cant gains in luminosity, due to the 
limitations imposed by beam-beam 
interactions. 

Initially, it was considered essen­
tial to leave a lot of free space for the 
experiments and place the quadru­
poles far from the crossing points. 
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The high beam divergence then led 
to the construction of quadrupole 
lenses with large aperture. 

Though it was always understood 
that the luminosity could be im­
proved by reducing the space 
between the final focusing elements, 
it was only after quantitative argu­
ments had been presented at DESY 
by Klaus Steffen that the situation 
was sufficiently clarified and the pre­
sent successful system was found. 
The stored beam has a natural 
energy spread and increased focus­
ing introduces an energy dependent 
disturbance to the particle orbits, 
called 'chromaticity'. This depends 
critically on the length of the sec­
tions with high beam divergence and 
must be compensated by sextupole 
magnets placed around the ring. 
These sextupoles introduce nonli­
near effects which end up reducing 
the useful aperture available for sta­
ble particle trajectories. This even­
tually results in a drastic reduction of 
the beam lifetime. 

A geometry and system of beam 
optics which takes all this into 
account has now been tried out at 
PETRA. In this 'mini beta' system, 
the beta value at the four interaction 
points has been reduced, and at the 
same time the distance between the 
quadrupoles either side of the inter­
section has been reduced from 1 5 to 
9 metres. As expected from chroma-
ticity considerations, there was no 
deterioration of beam lifetime or 
other machine parameters. The 
higher divergence of the beams 
merely increased the background for 
the experiments and required better 
adjustment of the beam positions. 
Up to threefold gains in luminosity 
were measured. 

In the past, the quadrupoles used 
for low beta sections were placed 
rather far from the crossing points 
and had to have large apertures. 
Now the problem is to make them 

small and place them as near as 
possible to the crossing points. How­
ever there are limits to which the 
focal length of these quadrupoles 
and the gap between them can be 
reduced while still leaving enough 
space for the experiments. The 
strength of the quadrupoles is lim­
ited by steel saturation, or, in the 
case of superconducting magnets, 
by breakdown effects. For high lumi­
nosity, the bunch length (which 
depends mainly on the accelerating 
frequency) should not be much lon­
ger than the low beta beam waist, 
otherwise parts of the bunches cross 
over where their transverse dimen­
sions are not small. Eventually, 
beam-beam effects limit the extent 
to which the beam can be 
squeezed. 

In the new PETRA configuration, 
conventional quadrupoles of suffi­
cient aperture reach beta values of 
about 5 cm without excessive chro­
matic distortion. For smaller betas 
(or higher energies) stronger quadru­
poles are required, and these can be 
built using superconducting techni­
ques. Future plans, recently reported 
by Klaus Steffen and Gus Voss, 
already include slim superconduct­
ing devices without iron yokes and 
which are likely to provide further 
significant luminosity improve­
ments. These may even be made 
compatible with the magnetic fields 
of the detectors and placed inside 

Two possible schemes worked out for 
PETRA by Gerhard Ripken to compensate 
for the effects of the magnetic fields of 
detectors without using compensating 
magnets. Mutually opposite detectors need 
fields which are equal and opposite. 
Detectors at 90 degrees need their fields 
to be equal and in the same sense. 

them. These developments are cer­
tainly interesting for experiments 
using the next generation of storage 
rings, like LEP, to compensate for the 
low reaction cross-section expected 
at very high energies. 

Along the beam pipe near to the 
bunch crossing points, the space 
available for focusing magnets is 
limited by the requirements of the 
experiments. Fortunately most reac­
tions in which an electron and a 
positron annihilate into an interme­
diate virtual photon can be analysed 
while ignoring a small cone around 
the incident beams. Other types of 
interaction require the observatic 
of particles emerging very near to 
the beams. These include most of 
the electromagnetic interactions 
(like the elastic scattering used to 
monitor luminosity) and some higher 
order processes in which the incom­
ing particles emit photons which 
then interact themselves (two-pho­
ton physics). 

Measurements near to the beam 
are in any case quite difficult due to 
the geometrical requirements of the 
vacuum pipe and to the high back­
ground level in this region. In addi­
tion, in many detectors so-called 
'compensation coils' impose further 
limitations. Placing strong quadru­
poles in the same regions would 
cause further complications. For 
PETRA, a solution has been found 
which completely eliminates the 
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compensation coils and makes 
space available for new quadru­
poles. 

Compensation coils are used to 
uancel the effects of magnetic 
detector fields on the beam. In par­
ticular, longitudinal fields like those 
of the usual solenoid magnets, 
placed in regions of high beam diver­
gence, must be compensated to 
avoid coupling vertical and horizon­
tal oscillations of the beam particles. 
Particles moving not exactly parallel 
to the (longitudinal) field describe 
helical trajectories not foreseen with 
the usual beam optics. These must 
be corrected by other longitudinal 
fields. 

These problems have been inves­
tigated at DORIS and PETRA. In 
January 1 980 Gerhard Ripken, who 
had earlier studied the problem for 
DORIS, proposed trying to compen­
sate the longitudinal fields of differ­
ent detectors with each other, with­

out recourse to compensation coils. 
He used a storage ring simulation 
program called PETROS to check his 
ideas. 

For PETRA, the result was that 
detectors at 90 or 1 80 degrees to 
each other around the ring stood a 
good chance of mutually compen­
sating. Detectors opposite each 
other should have the same (inte­
grated) longitudinal fields in oppo­
site directions, while detectors at 90 
degrees should have the same fields, 
but in the same direction (as seen by 
a circulating particle). The situation 
at PETRA is complicated by the fact 
that one of the detectors (Mark-J) 
has no field on the beam at all. The 
other three can be adjusted so that 
two pairs compensate each other: 
JADE with half the field of CELLO (at 
90 degrees) and TASSO with the 
other half of CELLO (also at 90 
degrees). All three fields are directed 
the same way long the beam. Anton 

Substitution of the compensation coils of 
the JADE detector at PETRA. The new 
quadrupoles have resulted in a threefold 
increase in luminosity. 

Piwinski and Albin Wrulich tried this 
configuration and, with the help of 
the experimental groups, it worked 
first time. 

Since then, studies and prepara­
tions have been undertaken to sub­
stitute all compensation coils at 
PETRA with quadrupoles and to add 
quadrupoles to Mark-J. These mod­
ifications were carried out at JADE 
and TASSO last winter so that these 
detectors can now compensate 
each other. CELLO still keeps its 
compensation coils, but quadrupoles 
have been added at Mark-J, with the 
excellent luminosity results already 
mentioned. 

A system to increase DORIS lumi­
nosity using the mini beta scheme 
has been proposed by Klaus Wille. 
Following these ideas, the new 
ARGUS detector is being built with 
an integrated system of quadrupoles 
and compensation coils. The second 
DORIS interaction region will also be 
provided with new quadrupoles, 
bearing in mind a non-magnetic 
experiment like LENA, which could 
be proposed in the near future. The 
distance between the new quadru­
poles will be 236 cm, compared with 
the original 512 cm. The new confi­
guration, called DORIS II, should be 
ready next summer to provide a 
tenfold increase in luminosity. 
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LEP takes to the hills 

From 1-7 June the focal point of 
thinking about the European project 
for a very high energy electron-posi­
tron machine, LEP, moved up into 
the Swiss mountains. The European 
Committee for Future Accelerators, 
ECFA, organized a 'General Meeting 
on LEP' at the alpine resort of Villars. 
This was in the long tradition of 
ECFA meetings which try to ensure a 
broad consultation of the European 
High Energy Physics community 
before major decisions on CERN 
projects are taken. Over 400 physi­
cists gathered at the Palace Hotel 
where they were very agreeably 
immersed in the happy Club Medi-
terranee ambience. 

The Conference was successful 
beyond expectation and left the feel­
ing that the contacts and discus­
sions had moved LEP significantly 
further towards its goals. Above all it 
demonstrated again the keenness of 
the community to become involved 
in the experimental programme of 
LEP and the great belief in the scien­
tific promise of the machine. (For a 
description of the project and its 
physics aims, see March 1980 issue, 
page 5.) 

If authorization for LEP is forth­
coming from the CERN Member 
States in the very near future, it is 
hoped to start the huge task of 
tunnelling the machine in the spring 
of 1 982. The construction schedule 
aims for first colliding electron-posi­
tron beams at the end of 1987. 
These two dates were crucial to 
some of the discussions at the Meet­
ing. First of all the design of the 
underground experimental halls will 
soon have to be fixed, since they 
need to be included in the civil engi­
neering contract and, secondly, the 
time necessary to decide on the 
experimental programme and to 
build large and complex detection 
systems is not too long. Out of the 
many interesting discussions we will 

therefore restrict ourselves here 
mainly to those relating to the civil 
engineering decisions and particu­
larly the evolution of the experimen­
tal programme. 

LEP is to be built under very differ­
ent financial conditions to the earlier 
big CERN projects. No 'new' money 
is to be made available and the 
construction is to be financed at 
existing CERN budget levels. To sus­
tain other research at the same time, 
such as the programme at the SPS 
400 GeV proton synchrotron, 
shortly to be the scene of high 
energy proton-antiproton collisions, 
it is most important to limit LEP 
costs. This was stressed several 
times by CERN Director General 
Herwig Schopper and LEP Project 
Leader Designate Emilio Picasso. A 
consequence of the financial con­
straints is reflected in the definition 
of Phase 1 of the project - out of the 
eight collision areas on the machine, 
only four are to be prepared for 
experiments at the start of LEP oper­
ation. 

The 'even-numbered' areas 
(2,4,6,8) will be equipped first. Of 
these there are special problems 
associated with No. 4, deep under 
the Jura and accessed by a long 
tunnel. Ingenuity will therefore be 
needed to construct a detection sys­
tem from modules which may be a 
maximum of about 1 x 2 m cross-
section. The other three areas will 
each be accessed by two shafts (one 
for services and personnel and the 
other unobstructed for equipment). 
These experimental halls will be dug 
in the molasse with construction 
techniques which have proved suc­
cessful for the new large under­
ground experimental halls at the 
SPS. 

There were questions on whether 
money could be saved by reducing 
hall size, on whether it would help to 
offset the major access shaft (so that 

it did not descend into the body of 
the hall), and on the possible need for 
side alcoves so as to be able to 
withdraw the central detector. It is 
obviously desirable to avoid the use 
of inflammable gases in the detec­
tors if at all possible because of the 
high cost of additional safety precau­
tions in the underground areas. 

Following PETRA experience, the 
aim is to build detector systems 
which can be moved in or out of the 
machine for repair or modification in 
a matter of days. The complexities of 
push-pull arrangements, where two 
experiments share one area, were 
rejected. Detectors built so that they 
themselves shield radiation would 
enable electronics to be brought to 
the detector and reduce cabling 
needs. 

An important development in the 
hall and detector design is the recent 
success of mini beta insertions at 
DESY (see page 237), increasing the 
machine luminosity which dictates 
the number of interactions which 
can be seen per second. The inser­
tions require quadrupole magnets as 
close to the beam collision point at 
possible. The present LEP design has*" 
quads as close as 5 m each side, 
allowing only 10 m for the detector 
and the tendency is to bring them 
even closer. Superconducting qua­
drupoles may be appropriate. It may 
be necessary to incorporate the qua­
drupoles in the construction of some 
of the detectors. Certainly it was the 
general consensus that the gain in 
luminosity made it worth living with 
the problems posed for detector 
design. 

There are two other conse­
quences of having strongly focusing 
quadrupoles close to the collision 
region. One relates to a specific type 
of physics - studies of two-photon 
interactions require looking close to 
the beam directions over long 
lengths of detector. This seems 
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4 mock-up of the LEP tunnel. 

Photo CERN 426.5.81) 

excluded in the initial stages of oper­
ation because of having the mini 
beta quads in the way. Two-photon 

ysics is likely to be 'second gener­
ation' in LEP experiments. However 
the other consequence relates to all 
experiments. Synchrotron radiation 
from the LEP bending magnets can 
be relatively easily shielded from the 
detectors since the straight sections 
are very long. Radiation from the 
curvature of the particle trajectories 
induced by the mini beta quads, 
however, goes through the detectors 
and could prove to be very trouble­
some. Further experience at PETRA 
and PEP should help in finding solu­
tions. 

Detector design is posing interest­
ing philosophical as well as practical 
problems. There is a natural ten­
dency when investigating a new 
area of physics to be the 'firstest 
with the mostest'. Since it is possible 
to define all the characteristics we 

would like to know about the pro­
ducts of electron-positron collisions, 
this tendency could lead to all exper­
imental proposals being built around 
nearly identical 'universal' detectors. 
There were pleas for at least some 
detector proposals to be optimized 
to look at special features of the 
interactions. In any case it seems 
desirable to build maximum flexibil­
ity into the detectors so that they can 
be upgraded for more refined studies 
or adapted to changes in the physics 
interests. Carlo Rubbia, who had 
underlined the inclination to build all 
the detectors out of an identical kit of 
parts, remarked that 'it is difficult to 
build an elephant and make it flexi­
ble'. To the proposal that the appro­
priate animal for the analogy was a 
whale, he pointed out that whales 
out of water collapse under their 
own weight - which only goes to 
show that detection systems cannot 
always choose to ignore all aspects 

of the gravitational interaction! 
Axial field magnet configurations, 

which have not been widely used up 
till now, may be one way of ensuring 
flexibility. The use of superconduct­
ing magnets was strongly endorsed 
- by now it is felt that superconduc­
tivity is a well-proven technology 
which would, overall, save money 
and also have some direct advan­
tages in the detector itself by allow­
ing the use of thinner coils. New 
detector techniques, such as the 'mi­
cro detectors' which are beginning 
to make their appearance, could also 
help to ensure flexibility and differ­
ences in detector configurations. 
They would no doubt be pressed 
hard before the final decisions on 
detectors are made. 

Another option in the experimen­
tal possibilities which affects de­
tailed machine design is that of 
beam polarization. This can be 
viewed much more optimistically as 
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a result of the successful work at 
PETRA (see July/August 1980 
issue, page 1 96). Though pursuit of 
the implications of this option was 
encouraged, enthusiasm was res­
trained, possibly tempered by the 
realization that experiments at the 
SLAC Linear Collider at 50 GeV will 
get polarization 'for free'. Latest 
news (reported by David Leith) from 
the Collider was that new intensity 
records have been achieved from the 
electron source and ground has been 
broken for construction of the damp­
ing ring. 

The heavy burden of data analysis 
which will be confronted at LEP, 
much of it concerned with the rejec­
tion of unwanted information, is 
obvious. In the same area, the com­
munication of a huge volume of 
information around collaborations 
involving some 150 physicists in 
widely scattered research centres is 
another new requirement. ECFA 
already has a Data Handling and 
Processing Working Group in action, 
and its Chairman, Egil Lillest0l, 
reported on the activities often pilot 
projects which have standardization 
as one of their aims. This will simplify 
work in the large collaborations, 
facilitate the task of small groups in 
these collaborations, and cut costs. 
These aims are accepted by every­
one - which is not the same as 
saying that suitable standards have 
already been agreed. For example. 

three memory management sys­
tems are currently operated (HY­
DRA, Z-BOOK and BOS). Everyone 
agrees that a single new system, 
drawing the best features from all 
three, is necessary. Arriving at that 
system is not so easy. 

The schedule to have experiments 
already for the start-up of LEP was 
agreed. By the beginning of next year 
a short letter of intent (including 
such things as physics aims, outline 
detector design, the collaborating 
groups, cost estimate and any spe­
cial requirements) should be sent to 
CERN. A LEP Experiments Commit­
tee will be set up. Discussions can be 
launched on the basis of the letters, 
and by about mid-1982, there will 
be a call for proposals. The first 
experimental approvals are likely 
about mid-1983. This then allows 
three and a half years for detector 
construction, which is not a long 
time. 

For 1 987, only four collaborations 
can expect to have experiments on 
the floor at LEP. However that is 
certainly not the end of the story. 
More collision regions will be 
opened up as physics interests 
become clear and money becomes 
available. The machine's perfor­
mance will hopefully be steadily 
improving and it has to be remem­
bered that LEP is optimized for oper­
ation near 100 GeV rather than 
50 GeV. 

Left, LEP Project Leader Designate Emilio 
Picasso reviewing the present status of the 
high energy electron-positron colliding beam 
project at the Villars meeting. 
Right adding to the enjoyment of the 
meeting was a huge cake, made by the 
Palace Hotel staff in honour of their guests, 
appropriately inscribed 'Join the LEP Club'. 

(Photos CERN) 

Hans Boggild launched himself 
into the limerick: 
'There once was a place called 
Villars 
where there was more than one 
star. 
They talked about LEP 
And the future of HEP 
But decisions were made in the 
bar.' 

It was certainly in this relaxed 
environment that many discussions 
on collaboration were held. The 
nuclei of several collaborations have 
already formed and the final teams 
each look like involving some 1 50 or 
more physicists. No significant pro­
blems concerning the incorporation 
of small groups or of physicists from 
non-Member States of CERN are 
apparent. The interest in LEP is thus 
manifest in the clearest possible 
way. 
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Ground the Laboratories 
The West Experimental Area of CERN's 400 
GeV proton synchrotron. The beams enter 
the experimental halls from the top right of 
the photograph. Further downstream is the 
taller building housing the BEBC bubble 
chamber. 

(Photo CERN 200.5.76) 

higher luminosities. About 100 short 
straight sections have also been re-
equipped with auxiliary magnets and 
beam monitoring equipment. 500 
sputter ion pumps and 1000 subli­
mation pumps have been added to 
improve the vacuum to 1 0 9 torr. 
Advantage was also taken of the 
shutdown to make improvements to 
the fixed target extraction systems. 

With fixed target operation now 
assured, machine development 
work can begin with antiprotons. 
However first proton-antiproton col­
lisions are not expected before Octo­
ber at the earliest. 

Meanwhile it has been agreed in 
principle to upgrade the West Exper­
imental Area at the SPS, which has 
been in operation since the startup of 
the machine in 1 976. At present, the 
West Area is served by neutrino 
beams derived from 400 GeV pro­
tons, and by 40-200 GeV secondary 
beams generated by protons ex­

tracted on an intermediate SPS fla 
top at 250 GeV. 

The idea now is to have simulta 
neous slow extraction at maximun 
energy to both the North and Wes 
Areas, doing away with the presen 
250 GeV flat top. This would enabl 
the repetition rate of the SPS to t> 
increased by 10-15 per cent, si 
providing more protons for th 
whole SPS programme. The neu 
trino beams and experimental area 
would remain unchanged. 

Apart from the new primary targe 
which would be required, all mag 
nets, power supplies, transformer 
and instrumentation already exist. Ii 
addition, the placing of the targe 
underground would also require les 
shielding, liberating 3 000 tons c 
iron and 20 000 tons of concrete fo 
use elsewhere. However the up 
grade will involve resiting of all th< 
West Area experimental apparatus 
in particular the Omega detector. 
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"he 400 GeV proton synchrotron, 
vhich shut down on 16 June last 
'ear, is back in action after a major 
acelift. The eleven month stop was 
icheduled in order to prepare the 
5PS for its new part-time role as a 
>roton-antiproton colliding beam 
nachine. With the necessary modif-
cations largely complete, first prior-
ty was to re-establish reliable fixed 
arget operation, and first 400 GeV 
>rotons were accelerated mid-May. 
Jy 22 May, experiments in both the 
Vest and North Experimental Areas 
vere once more supplied with 
)eams. 

The length of the shutdown was 
nainly determined by the civil engi-
teering work for the two large 
inderground colliding beam areas at 
ong straight sections LSS4 and 
.SS5, where the proton-antiproton 
jolliding beam experiments will be 
carried out. In addition, extensive 
ihielded 'garages' were required to 
mable these experiments to be 
issembled or modified while the 
5PS is running for fixed target phy-
;ics. 

For the machine itself, the various 
services had to be entirely rebuilt 
iround the newly excavated experi-
nental areas. New injection systems 
vere installed to handle the protons 
is well as the antiprotons, which for 
colliding beam operation will be 
njected at 26 GeV instead of 10 
BeV for fixed target work. 

Protons and antiprotons circulat-
ng in opposite directions can be 
juided by the same magnets, but 
additional r.f. equipment has had to 
)e installed in LSS3 to accelerate 
>rotons and antiprotons simulta-
leously to the required 270 GeV. 
slew low beta quadrupoles have 
>een put in to squeeze the beams to 



The so-called lantern' detector of the 
Heidelberg/Darmstadt collaboration which 
is using ion beams from the CERN synchro­
cyclotron for nuclear physics experiments. 
The detector records heavy fragments 
emerging from the nuclear collisions. 

(Photo CERN 78.3.81) 

Ions in the synchro­
cyclotron 
The 600 MeV synchro-cyclotron at 
CERN has a notable history behind it 
in particle and nuclear physics since 
it came into operation in 1 957. Inthe 
late 1 960s the research programme 
was considerably extended by the 
addition of the ISOLDE on-line iso­
tope separator, and in the mid-
1 970s an improvement programme 
ensured that machine performance 
continued to be competitive. With 
the advent of the LEP project, it is 
presently intended to reduce ope­
ration from about 6000 to 4000 
hours per year and to concentrate 
the experimental programme on 
ISOLDE and possibly a few other 
special research topics such as 
those involving secondary muon 
beams and accelerated ion beams. 

Accelerated beams other than 

protons are comparatively new on 
the SC scene, but they have been a 
success in terms of both machine 
performance and of the physics pro­
gramme. About a third of the SC 
operating time in 1 980 was devoted 
to accelerating ions. 

In the following list of SC ion 
beams, the observed intensities are 
particularly impressive: 300 MeV/ 
N doubly charged helium-3 with 3 x 
1 0 1 2 ions per s, 85 MeV/N singly 
charged helium-3 with over 10 1 3 ,85 
MeV/N carbon-12 less four elec­
trons with over 10 i 2 , 85 MeV/N 
nitrogen-1 5 less five electrons with 
over 10 1 1 . Oxygen and other ni­
trogen ions have also been acceler­
ated, and beams of neon-20 less six 
electrons were recently obtained 
with intensities over 1.5 x 10 1 2 on an 
internal target in a test run. There are 
plans for further carbon, neon and 
argon ions in the coming months. 

In their energy range, these beam 

intensities are well in excess of those 
of other machines, and this, com­
bined with the excellent beam quali­
ty, has spurred on the SC experimen­
tal programme. The experiments are 
particularly interesting because they 
cover the range between research 
using low energy machines (up to 
about 10 l\7leV/N) and the work with 
relativistic heavy ions in the Berkeley 
Bevalac (above about 200 MeV/N).% 
This is a transition region between 
predominantly compound nuclear 
reactions, which yield information on 
nuclear structure, and predomi­
nantly nucleon reactions, which yield 
information on the nucleus as a col­
lection of nucleons. 

A series of experiments by Orsay 
groups are using the time-of-flight 
technique to identify the mass of 
residual bodies emerging from the 
nuclear collisions. They are gather­
ing data, as the incident energy is 
increased, on residual target nuclei 
after being hit by the ions (the forma­
tion of compound nuclei and the 
subsequent emission of light parti­
cles as they 'de-excite') and on deep 
inelastic effects where fission of the^ 
target is observed. Information 
should emerge about the behaviour 
of highly excited nuclei which emit 
light particles (determining the nu­
clear boiling point). It may also be 
possible to determine accurately the 
limits at which the fission process 
sets in. 

The nuclear interaction between 
copper and 1 GeV carbon-12 has 
been investigated by a CERN/Mar-
burg/Oslo/Paris team using radio­
chemical methods. It is found that at 
these energies, the deposition of 
energy is determined by the total 
kinetic energy of the incident parti­
cles, as is also observed with higher 
energy ions. A Berkeley/Corvallis/ 
Studsvik collaboration recently fin­
ished data taking in a study of target 
fragmentation, also using radio-
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On the left, a streamer photographed in the 
chamber of the Max Planck Institute which 
was analysed to determine the spectral 
distribution of the emerging light On the 
right, the three colour-sensitive layers of 
the film subsequently developed at the 
position AB across the track. Only the 
bottom layer, sensitive to red light, has 
reacted to the light from the streamer. Thus 
filters can be used to cut out all other light 
but red without losing any of the required 
signal from the streamer (see page 246). 

hemical techniques, with carbon 
>ns on tantalum, bismuth and uran-
jm targets. This experiment was 
ble to be completed very rapidly as 
t the required energy of 86 MeV/N, 
le ion intensity at the SC was a 
actor of a thousand up on that of the 
evalac. 
At ISOLDE, results obtained with 

elium-3 promise well for future iso-
Dpe production, especially after 
lanned higher beam intensities. 
A Bordeaux/Gradignan team is 

sing an intricate detector to catch 
ne heavy recoil nucleus from the 
ollision of ions with heavy targets, 
he energy of the nuclei is first 
amped in helium gas before electric 
elds bring them to a solid state 
etector. High efficiencies have 
een demonstrated. The aim is to 
istinguish between highly excited 
Bsidual nuclei far from stability and 
3sidual nuclei with low excitation 
/hich are nearly stable. The distinc-
on may be possible by monitoring 
hie emission of alpha particles from 
he nuclei. First results indicate that 
he production of nuclei far from 
tability (deficient by some twelve 
eutrons) predominates in the inter-
ctions. 
A Darmstadt/Heidelberg team is 

coking at heavy fragments emerg-
lg from the collisions of the ions 
/ith heavy nuclei using a position-
ensitive ionization chamber of large 
rea together with a time-of-flight 

telescope. The detector can meas­
ure energy and angular distribution 
of the fragments accurately and it is 
hoped in this way to obtain a better 
understanding of the concept of 
nuclear temperature (related to the 
'boiling off' of particles). 

A CERN/Copenhagen/Greno-
ble/Lund collaboration is trying to 
survey the relatively unexplored en­
ergy region for nuclear collisions 
available at the SC, and the 'transi­
tion' nature of this region can be 
seen. Basic information for the 
nucleus-nucleus interaction comes 
from elastic scattering measure­
ments. The relative penetration of 
the two nuclei becomes more 
important when the incident energy 
is increased. A large nuclear surface 
transparency effect is thus observed 
with these projectiles. Observed 
characteristic features of projectile 
fragmentation are target indepen­
dence, and mean fragment energies 
determined by beam velocity. How­
ever important differences from sim­
ple fragmentation behaviour are 
seen. A low energy component in the 
energy spectra, increasing rapidly 
with the angle relative to the beam, 
indicates a collective energy dissipa­
tion mechanism. The energy spectra 
of light particles have been studied 
and are found to be very similar for all 
targets, showing an exponential high 
energy tail. This cannot be fully 
explained by either a simple thermal 

source approach or a simple nu-
cleon-nucleon scattering model. 
Changing the target has little effect 
on the spectrum of emerging parti­
cles, suggesting that the number of 
nucleons involved in the collisions 
remains substantially the same, 
regardless of the constitution of the 
total target nucleus. Recently posi­
tive pions have been detected 
emerging from the collisions. This is 
at energies well below the expected 
threshold, again suggestive of col­
lective effects. 

The success of the SC owes much 
to the development of an intense ion 
source of the PIG type. The source is 
rather small, with chimney diameter 
of about 10 mm containing a plasma 
column 2 mm across. Since it feeds a 
synchro-cyclotron, the source is 
pulsed (ions are accepted for accel­
eration for approximately 100 mi­
croseconds every 5 milliseconds) 
which allows the mean power dissi­
pation to be kept down to acceptable 
limits. 

The correct radio-frequency range 
for the ion to be accelerated is 
obtained by inserting a piece of 
transmission line between the dee 
and the rotating capacitor (rotco). 
Initially a line suitable for a charge to 
mass ratio of 2 / 3 was built, and was 
later altered to allow a ratio of 1/3. 
Other values are also possible so 
that more ions can be accelerated. A 
new 'universal' line is under con-

E R N C o u r i e r , J u l y / A u g u s t 1 9 8 1 245 



The rich structure seen in lower energy 
proton-antiproton elastic scattering. 

struction to allow rapid change 
between different ion types to 
extend further the research possibil­
ities with accelerated ions, which 
have become an important part of 
the SC programme. 

Colour experiments 
In these days of copious theoretical 
papers on the role of colour in quark 
confinement schemes, the title of 
'colour experiments' is designed to 
lure all high energy physicists to read 
on. In fact the experiments covered 
here have been looking at a more 
conventional kind of colour - the 
spectrum of light from streamer 
chamber tracks with a view to 
optimizing chamber optics and im­
proving picture quality. 

The long streamer chambers 
which will be used to look at proton-
antiproton interactions at the S PS by 
a Bonn / Brussels / Cambridge / 
CERN / Stockholm team (the UA5 
experiment - see June 1 980 issue, 
page 148) will need all the help they 
can get to pick out the relevant 
tracks. Their optics are already 
designed but any knowledge which 
makes it possible to capture virtually 
all the streamer light, while reducing 
light from other sources such as 
flares, is welcome. For this it is 
necessary to know the spectrum of 
light emitted by the streamers so 
that the cameras can 'see' the 
streamer light and exclude other 
light as far as possible. Although 
streamers look red to the naked eye, 
a considerable amount of blue light 
could also be present. 

The problem of studying the spec­
tral distribution is not simple be­
cause the light from streamers is 
feeble in intensity, lasts for less than 
a microsecond and does not appear 
at the same location in space. One 
technique would have been to pho­
tograph the streamers through a 
succession of filters. A quicker tech­

nique suggested by R. Budde was to 
photograph using high speed colour 
film and to see to what extent the 
different colour-sensitive layers on 
the film recorded the light. The 
Kodak and 3M companies helped by 
taking the necessary thin cuts across 
the surface of the film to examine the 
layers separately under a micros­
cope. 

Colour film consists of layers sen­
sitive to yellow, red and blue light. In 
cosmic ray tests on the chamber 
(from the Max Planck Institute) with 
the help of R. Meinke, it was found 
that the light coming from the 
streamers had virtually no blue or 
green component (the cyan layer, 
sensitive to red, was the only one 
which had recorded light). It there­
fore looks possible to use a filter to 
cut out all but the red light so as to 
eliminate a lot of light from flares 
without losing anything from the 
streamers themselves. This will be 

tried by using a filter which strongly 
attenuates all light below a wave­
length of about 600 nm. 

Antiproton spectra 
Comparisons of proton and antipro­
ton data are always interesting, and 
this is one of the major motivations 
of the new physics programme 
which recently got under way at the 
Intersecting Storage Rings (see 
June issue, page 196). 

While the first antiproton physics 
results from the ISR are eagerly 
awaited, new antiproton data, this 
time from a fixed target experiment, 
show some marked effects in the 
proton-antiproton elastic scattering 
spectrum at 50 GeV. Previous 
experiments have uncovered struc­
ture in the spectra at even lower 
energies. Such rich structure is not 
seen in proton-proton elastic scat­
tering until about 1 50 GeV. 
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The experiment, by an Annecy / 
)ERN / Copenhagen / Genova / 
)slo / University College London 
ollaboration, measures hadron-ha-
Iron elastic scattering over a wide 
ange of incident particle momen-
um and momentum transfer, using 
high intensity (2 x 10 7 particles per 

•ulse) unseparated secondary beam 
rom the 400 GeV Super Proton 
/nchrotron. 
Antiprotons account for about two 

»er cent of this beam, and are iden-
ified by a differential Cherenkov 
ounter. The scattered particles are 
letected in a double arm speetro-
neter. The experiment measures 
iroton-antiproton elastic scattering 
t higher energies and larger mom-
ntum transfers than previous fixed 
arget experiments. 

Proton-antiproton elastic scatter-
ig spectra at lower energies have a 
lefinite shoulder near a squared 
nomentum transfer of about 0.5 
5eV2. This is not seen with 50 GeV 
ntiprotons, however a very sharp 
lip is seen at a squared momentum 
ransfer of 1.5 GeV2. A similar dip is 
sen in proton-proton elastic scat-

jr ing above an energy of 1 50 GeV, 
nd the 50 GeV proton-antiproton 
Jastic spectrum is curiously like the 
iroton-proton scattering seen in the 
ntersecting Storage Rings at an 
ffective beam momentum of 1064 
JeV. 

Already interesting, these lower 
mergy antiproton results could 
nake for some intriguing compari-
ons with the higher energy results 
o come from the ISR and the 
;PS. 

:xperimental values of the proton-proton 
otal cross-section differences in the 
ransverse (above) and longitudinal (below) 
directions. The lines shown are to guide the 
ye. Errors on the very preliminary LAMPF 
w'nts have not been accurately computed, 
ut are roughly 1 mb either way. The old 
\rgonne data points in parentheses at 1.2 
ieV are probably incorrect because of beam 
^polarization. 

LOS ALAMOS 
Spin-dependent 
cross-sections 
For years nucleon-nucleon cross-
sections appeared to be featureless 
at medium energies, in marked con­
trast to the rich structure of meson-
nucleon cross-sections. This picture 
began to change in the late 1970s 
when spin-dependent cross-section 

measurements became possible. 
Since then, new developments in 
this area have received attention in 
at least eight separate articles in the 
COURIER. 

The most basic experiments in­
volve measurements of total cross-
sections in definite spin states and 
require both •polarized beams and 
polarized targets. The natural confi­
gurations contain spins that are 
parallel and antiparallel in the direc-
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tions along and transverse to the 
beam axis. A clean and direct meas­
urement of the parallel-antiparallel 
cross-section difference is ensured 
by simply reversing the polarization 
of the beam. In so doing, the contri­
bution to the interaction rate by 
unpolarized particles is effectively 
removed (an important feature since 
this contribution is typically much 
larger than the interaction rate with 
free polarized target protons). 

The cross-section difference 
measurements since 1975 have 
shown unexpected structure. The 
term 'dibaryon resonances' was 
coined but not universally accepted 
due mainly to the uncertainty of the 
partial wave analysis and the diffi­
culty in picturing a two-baryon sys­
tem in the simple quark model. Fur­
thermore, the evidence was based 
partly upon data points taken below 
the normal operating range of the 
Argonne Zero Gradient Synchrotron 
(see September 1980 issue, page 
252). 

Fortunately, part of the energy 
region of interest is accessible at the 
meson factories and two of the most 
active collaborations went to 
LAMPF at Los Alamos in the sum­
mer of 1 980 to pursue these exper­
iments. Since the polarized targets 
required for studying longitudinal 
and transverse polarization are sig­
nificantly different, an Argonne/ 
New Mexico State/Los Alamos 

group carried out the longitudinal 
measurements, while a Rice/Hous­
ton/Los Alamos collaboration did 
the transverse measurements. 

Working alongside each other in 
the LAMPF nucleon area, both 
groups benefitted from the dual-
energy option that provided the full 
range of beam energies between 
319 and 800 MeV in thirteen steps. 
The operating mode simultaneously 
delivers a negative hydrogen ion 
beam at a different energy from the 
600 microamp, 800 MeV proton 
beam in the meson area. A spin-
precession system, employing strip­
ping to vary the ion g-factor, made it 
possible to deliver longitudinal polar­
ization to one experiment and trans­
verse polarization to the other. 

The previous experimental situa­
tion was summarized at last year's 
polarization conferences at Santa Fe 
(August) and Lausanne (Septem­
ber). With the analysis of the new 
LAMPF data partially completed, H. 
Spinka (Argonne) presented the 
most recent results at a LAMPF 
Workshop in January. 

The emerging picture is convinc­
ing : there are large spin-spin effects, 
as much as 50 per cent of the total 
cross-section in this energy range, 
and there is marked structure at 
about 1.2 GeV, which is largely hid­
den in the spin-averaged total cross-
section. 

Using the two well-developed 

One of the superconducting accelerator 
sections being made ready for installation 
in the heavy ion linac at Argonne. Ralph 
Benaroya is mounting a high-beta resonator 
of which there are six in the section. This 
whole assembly slots into a cryostat. The 
final section of the linac was installed at the 
end of May. 

(Photo Argonne) 

approaches of phase shift analyses 
and meson exchange dynamical 
models, the interpretation of the 
data is not clear. The connection is 
often made between the cross-sec­
tion and partial wave phase shifts 
following the resonance criterion of 
loops in the Argand diagram. How­
ever, to be usefully determined, the 
phase shift solutions require 
measurements of at least sonrV 
other spin-correlation and spin-
transfer parameters over an angular 
range. Some of this data was 
reported recently and a more definite 
resolution of the phase shift ana­
lyses may be expected soon. How­
ever the question remains of inelas­
ticities and energy dependence in 
the phase-shift parametrization. 

A standard dynamical approach 
fits the data with meson exchange 
diagrams. These models may repro­
duce loops on the Argand diagrams 
without introducing resonances in 
the direct channel. It is not univer­
sally agreed that direct channel diba­
ryon resonances need to be added to 
the dynamical models to fit all the 
data. 

Finally, there is the intriguing 
question as to whether the two-
nucleon system can illuminate the 
quark picture of matter. Theoretical 
models will have to provide better 
fits to the present data coming from 
polarized beams at meson factories 
before any definite statements can 
be made. 

ARGONNE 
Superconducting 
linac completed 
At the end of May the final section o1 
a superconducting linac was in­
stalled at Argonne. The linac serves 
to boost the energies of heavy ions 
emerging from a 9 MV tandem Van 
de Graaff and has been one of the 
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most successful applications of 
superconductivity in r.f. accelerator 
cavities. 

The linac has four tanks, installed 
at the rhythm of one a year for the 
past four years, which should even­
tually permit a total of 29 MV of 
further acceleration. The tanks con­
tain 24 independently phased split 
»*'ng niobium resonators consisting 
f three-gap structures operating at 

97 MHz. Each has an inner drift tube 
of pure niobium and a housing of 
sheet niobium and are cooled to 4.8 
K by liquid helium. 

The split-ring idea was promoted 
by Ken Shepard and his colleagues 
at CalTech in 1 974 and taken up in 
the linac project under Lowell Bollin­
ger. They aimed to achieve an accel­
erating gradient of 4.25 M V / m and 
the measurements with the first 
three tanks in place (prior to the 
recent completion of the installation) 
has given a total accelerating vol­
tage of 13.5 MV. The usual operat­
ing gradient is 3 MV/m. 

The three tanks have operated 
reliably for many thousands of hours. 

he anticipated problem of vibration 
of the resonators has been encoun­
tered but is not troublesome. Opera­
tion of the linac has proved very 
flexible and the modular character of 
the system which enables rapid 
changes in output beam energy has 
greatly helped the physics pro­
gramme. The quality of the emerging 
beam has retained, or even im­
proved, the traditional excellent 
characteristics of beams from tan­
dem machines. 

The linac has provided a useful 
extension to the range of nuclear 
physics which can be done. It has 
also proved an encouraging testing 
ground both for the superconducting 
technology and for the appropriate­
ness of the technology for bigger 
accelerators. 

FERMILAB/ 
NOVOSIBIRSK 
Lithium lens 
Members of Fermilab's antiproton 
source group welcomed the arrival in 
late April of a one ton crate from their 
collaborators at the Novosibirsk 
Institute for Nuclear Physics. The 
packet contained two lithium lenses 
of the type developed at Novosibirsk 
for focusing an 80 GeV proton beam 
onto an antiproton production tar­
get. A lithium lens is basically a 
cylindrical conductor that can be 
pulsed to high currents. The charged 
particle beam moves through the 
cylinder axially and the current pro­
duces an azimuthal magnetic field 
with a constant gradient. Lithium, 
with a low atomic number, is used to 
minimize multiple scattering. The 
lenses received at Fermilab are 0.5 
cm in diameter and 10 cm long and 

Left to right Carlos Hojvat (Fermilab), 
Gregory Si/vestrov (Novosibirsk) and Jim 
MacLachlan (Fermilab) examine one of the 
lithium lenses built at Novosibirsk for the 
Fermilab antiproton source. 

(Photo Fermilab) 

can be pulsed 1 5 times a second 
with a 125 kA pulse to give a maxi­
mum field of 10 T. While lithium 
lenses share with magnetic horns 
the virtues of axially symmetric 
focusing and high gradient, they 
have the important advantage for 
use in beams of small emittance that 
there is no neck or inactive region at 
the centre of the beam. The lenses 
will undergo further tests at Fermilab 
to study production targetry and to 
evaluate their role in the antiproton 
source for the Tevatron I proton-
antiproton project. 

The lenses are a product of more 
than two years of the collaboration 
between Novosibirsk and Fermilab 
which was outlined in a July 1979 
agreement between A.N. Skrinsky of 
IN P and R.R. Wilson, then Director of 
Fermilab. It is part of the broader 
Tevatron I project that also includes 
Argonne National Laboratory, the 
Lawrence Berkeley Laboratory, and 
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Left to right, Phil Livdahl, Doug Pewitt, Bill 
Walfenmeyer and Harold Hanson, together 
at the annual Fermilab users meeting, 
discuss doubler magnet production. These 
magnets are being produced at Fermilab at 
the rate of one a day (and not one a week 
as reported in our May issue, page 146). 
At the users meeting, both Pewitt, a high 
energy physicist and Acting Director of 

Energy Research at the US Deparment of 
Energy, and Hanson, staff Executive Director 
of the Committee for Science and Technology 
in the US House of Representatives, covered 
some of the issues of funding for high 
energy research in the US. 

(Photo Fermilab) 

the University of Wisconsin. Each 
institution is responsible for particu­
lar elements of the project scheduled 
for operation in 1 984. 

Under the terms of the Directors' 
agreement visits of scientists be­
tween the two Laboratories were 
approved for general coordination of 
effort and for joint work on electron 
cooling and targetry for antiproton 
production. Gilbert Nicholls and Ju% 
dith Nicholls of Fermilab worked on 
the lenses in Novosibirsk in 1979 
followed by James MacLachlan in 
1980. Gregory Silvestrov, leader of 
the group at IN P developing the lens, 
has been to Fermilab twice. David 
Cline of the University of Wisconsin 
has made several trips to coordinate 
activities and expedite the ship­
ment. 

BROOKHAVEN 
Pulsed quads for 
polarized beam 
The main difficulty in accelerating 
polarized protons in a strong focus­
ing machine like the AGS Alternatj, 
ing Gradient Synchrotron at Brook-
haven is the existence of depolariz­
ing resonances. At certain resonant 
energies the strong horizontal mag­
netic fields, which keep the beam 
focused, can flip the protons' spins 
and depolarize the beam. The trick 
used at the Argonne ZGS, where 
much of the pioneering work on high 
energy polarized proton beams was 
done, was to jump through these 
resonances using pulsed quadrupole 
magnets which rapidly changed the 
beam orbit. The resulting sudden 

The Michigan pulsed quadrupole for the 
Brookhaven AGS polarized beam. The 
hyperbolic ferrite poles and coils form a 
very symmetric pattern. The AGS polarized 
protons will pass through 12 of these quads 
in order to jump' the depolarized resonances. 

(Photo Brookhaven) 
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Representatives of the construction 
contractors and leaders of the ISABELLE 
project inspect the newly completed magnet 
enclosure at Brookhaven. The magnet 
enclosure will not be a continuous ring until 
all six of the ISABELLE experimental areas 
are complete. 

(Photo Brookhaven) 

change in the vertical betatron oscil­
lations destroyed the resonant con­
dition until the beam was safely 
above the resonant energy and the 
quads could be turned off. 

Unfortunately the depolarizing re­
sonances at the strong focusing 
AGS are about ten times worse than 
those encountered at the weak 
Reusing ZGS. For years most people 

lought that it would be 'almost 
impossible' to accelerate polarized 
protons in the strong focusing 
machines of Brookhaven, CERN and 
Fermilab. However, the untimely 
demise of the ZGS led polarized 
proton enthusiasts to reexamine the 
problem. The Ann Arbor Workshop 
concluded that the problem might 
only be very difficult rather than 
impossible (see December 1977 
issue, page 418). After much soul-
searching and discussion, a plan was 
approved to accelerate polarized 
protons to 26 GeV in the AGS, using 
the same resonance jumping trick 
(see May 1980 issue, page 104). 
The accelerator modification project 
was undertaken by an Argonne / 

rookhaven / Michigan / Rice / 
Yale collaboration. 

Much more powerful pulsed qua­
drupoles will be needed than those 
at the ZGS which required only two 
quads with 15 microsecond rise 
times. The AGS will need twelve 
quads with rise times of 2 micro­
seconds or less. Dipole 'kicker' mag­
nets had been built with micro­
second rise times, but never such 
fast quadrupoles. 

Quadrupoles have carefully 
shaped hyperbolic pole tips to give 
the required f ield; however iron or 
even iron laminate cannot be used at 
these rise times because of the eddy 
currents. The polarized beam group 
decided to use ferrite because of its 
successful use in kicker magnets. 
However there are problems : ferrite 
is quite expensive (about $ 5 0 / 

pound), it is much too hard to cut 
with steel tools, and it is a very fragile 
ceramic. The first problem was 
solved by acquiring 1.7 tons of ferrite 
from the surplus r.f. cavity of the 
ZGS. For machining the hyperbolic 
poles, the Michigan group, led by 
A.D. Krisch, obtained a computer-
controlled milling machine. The Mi­
chigan instrument makers then ac­
quired a collection of diamond tool-
bits to cut ferrite and built a special 

flooding system (which resembles 
an aquarium) to keep the ferrite from 
overheating and cracking during the 
machining. Special hyperbolic cop­
per coils were also produced to min­
imize eddy currents during the fast 
rise time. 

It all worked smoothly. The first 
prototype quadrupole has been 
tested with a 1 5 kV, 3000 A supply 
also built at Michigan with ZGS 
spare parts by the same Michigan / 
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Argonne / Brookhaven team. The 
quad exceeded specifications with a 
rise time of only 1.6 microseconds. It 
also passed the test of being an 
almost perfectly linear quadrupole 
during this fast rise period. 

The Michigan people have now 
geared up a production line for a 
dozen pulsed quads plus a few 
spares. The ferrite poles are about 
70 per cent finished and the coil 
winding operation is well under way. 
Much of the work is being done by 
students, both graduate and under­
graduate, and the entire job should 
be finished in a few months time, 
almost a year ahead of schedule 
and almost a factor of two below 
the original cost estimate of 
$ 450 000. 

FRASCATI/CERN 
Streamer tubes in 
particle detectors 
The study of the details of ionization 
in gases and their subsequent appli­
cations in particle detectors were 
initiated particularly by the group of 
Georges Charpak at CERN where 
multiwire proportional chambers 
and drift chambers were invented in 
1968. There have been many sur­
prises which have not been in line 
with the 'folklore' on gas discharges 
which had grown up from the work 
earlier this century. 

Recent work on conditions which 
produce 'self-quenching streamers' 
has rapidly found application in 
detection systems. The develop­
ments at Fermilab were reported in 
our May issue (page 1 52) but they 
were not the first of their kind. We 
believe the first application of the 
technique was at Frascati by the 
group of E. larocci. In 1978 a 330 
tube array was built for use on the 
Adone storage ring. Also since 

1979, 8000 tubes based on this 
work have been built at Orsay for 
photon and muon detectors. 

The Frascati group passed infor­
mation on their experience with 
streamer tubes to the CHARM colla­
boration (CERN/Hamburg/Amster-
dam/Rome/Moscow) carrying out 
neutrino experiments on the SPS at 
CERN. Since 1 979 the collaboration 
has added a very large streamer tube 
system to their 'fine-grained' calori-
metric detector of marble plates, 
proportional drift tubes and scintilla­
tors so as to improve the spatial 
resolution when measuring hadronic 
and electromagnetic showers. 

The added system consists of 
20 000 streamer tubes each 3 m 
long with a 50 micron central anode 
wire. The tubes are arranged in 
planes of 256 oriented at right 
angles to the proportional drift tubes 
across the beam direction so that the 
signals from the two types of tube 
together give both coordinates of the 
traversing charged particles. Each 
streamer tube is only 9 mm across 
and thus particle trajectories are 
located with good accuracy. 

An advantage of the limited 
streamer mode is that the streamer 
tubes are not very sensitive to the 
operating conditions. Performance is 
about the same over some 500 V 
around 3.8 kV and over some 20 per 
cent variation in the gas mixture. The 
resulting signals from the streamers 
produced in the tubes traversed by 
particles have a mean output voltage 
of around 1 5 mV so that the subse­
quent electronics are simple and 
inexpensive. The tubes are contin­
uously sensitive to the arrival of 
particles apart from a 'dead-time' of 
less than 100 microseconds in the 
few millimeter streamer region. 

An even larger system of 43 000 
streamer tubes has been under con­
struction since 1980 by a CERN/ 
Frascati/M Man/Torino collabora­

tion for the proton decay search in 
the Mont Blanc tunnel. This 3.5 m 
cubic set-up has a calorimeter con­
sisting of 134 iron plates 1 cm thick 
interleaved with 1 cm tubes. These 
tubes have a further unusual feature 
deriving from the early Adone detec­
tor - they are plastic (PVC) tubes, 
made cfinductive by means of a 
graphite coating. This graphite ca­
thode has high resistivity whicfe 
makes the tubes transparent to 
pulsed fields and allows the use of 
simple external pick-up electrodes to 
localize the streamers. Bidimen-
sional track localization in a single 
tube layer is achieved by the use of 
two strip (1 cm x 3.5 m) arrays, 
parallel and orthogonal to the wires, 
to pick up induced pulses from the 
streamers inside the graphite ca­
thode tubes. 

In this detector for the Mont Blanc 
experiment the wires do not supply 
direct readout but are simply con­
nected to the high voltage. The total 
number of readout strips is about 
80 000, for a total sensitive area of 
3400 m 2 . Inexpensive readout elec­
tronics (developed by LeCroy) is con J

c 

nected directly to the end of the 
strips. 

A test calorimeter (1 x 1 x 3.5 m, 
1 5 tons) has been assembled with 
3000 tubes and 6000 strips and 
recently exposed to electron, pion 
and gamma beams so as to prepare 
for proton decay identification and 
neutrino background rejection. 
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Physics monitor 

Hunting the unstable 
Droton 
Srowing confidence in the new uni-
ication theories of physics has moti­
vated many physicists to hunt for 
)roton decay and other new phe-
lomena. To search for these rare 
events, detectors have to be 
riounted deep below the surface of 
he earth to screen off unwanted 
jackground due to energetic cosmic 
ay particles. So many projects are 
low being developed that in several 
fears time it will probably be true to 
>ay that at any time of the day, 
>omewhere in the world a physicist 
will be working deep underground at 
)ne of these new experiments. 

While these large new under­
ground experiments are being pre-
Dared in the US, in Europe and in 
Japan, first candidate proton decay 
events have been reported by a 
Japan/India collaboration (see June 
ssue, page 1 96). 

These events have been seen in a 
lew detector 2300 m underground 
h the Kolar goldfields 100 km north 
Df Bangalore in South India. The Tata 
nstitute / Osaka / Tokyo collabora­
t o r s experiment is scheduled to 
continue for several years, during 
/vhich time it is hoped that the 140 
:on detector will be able to catch a 
g o o d sample of proton decays, pro-
/ided the mean lifetime is not too 
nuch in excess of the 1 0 3 1 years or 
so predicted by theory. 

Underground physics at the Kolar 
goldfields in fact dates back some 
:wenty years, well before ideas of 
instable protons ever became cur-
ent. An earlier detector, containing 
neon flash tubes interspersed with 
ron, produced some unexplained 
3 v e n t s in several years of running. 
However cosmic ray background 
/vas still troublesome, and it was 
decided to build the latest detector 

for installation several hundred 
metres deeper. 

This apparatus contains 100 tons 
of iron in the form of pipes either 4 or 
6 m long and 10 cm square, together 
with an additional 40 tons of iron 
shielding. Containing a total of 1 650 
proportional counters, the detector 
elements are stacked into a pile 6 m 
long, 4 m wide and 4 m high, with its 
sides against the rock face and with 
readout providing a full three-dimen-

Two views of one of three candidate proton 
decay events seen in the 6 x4 x 4 m 
honeycomb detector of a Japan/India 
collaboration operating 2.3 km underground 
in the Kolar goldfields, India. The cells of 
the 100 ton honeycomb are 10 cm square. 
However all three events have a track which 
reaches (or emanates from) the edge of the 
detector, possibly due to a particle entering 
from outside. A more reliable proton decay 
signal would have all its tracks ending inside 
the detector volume. 

sional picture of interactions. 
Even at this great depth, over 200 

vertical muon tracks were registered 
in 131 days. Additional isotropic 
muon events come from neutrino 
interactions in the vicinity, producing 
secondary muons. 

Of the three candidate proton 
decay events, two have two tracks 
almost back-to-back, and the third 
has three tracks. Unlike high energy 
particles, some of these tracks do 
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Scheduled to be the most intense of the 
neutron sources presently under construction 
is the Rutherford Laboratory's Spallation 
Neutron Source. These quadrupoles for the 
SNS are ready for installation in the machine, 
which is being built in the hall which 
previously housed the Nimrod proton 
synchrotron. 

(Photo Rutherford) 

not register in consecutive layers of 
the detector, and are attributed to 
low energy electrons or photons. 
Unfortunately in all three cases, one 
of the tracks reaches the edge of the 
detector. This could mean that the 
events are due to particles entering 
the detector from outside, rather 
than proton decay within the detec­
tor volume. 

If attributed to proton decay, these 
three events indicate a proton life­
time of the order of 10 3 0years,in line 
with the current theoretical predic­
tion. However much more evidence 
is required before the idea of an 
unstable proton becomes an estab­
lished fact. 

Neutron sources 
galore 
The first large accelerator-based 
facility for research with neutron 
beams came into action on 7 May at 

Argonne. It is appropriate that this 
achievement happens at Argonne 
which, since 1974, has been one of 
the pioneers of neutron research at 
accelerators with an eye on the 
higher fluxes of thermal and epither-
mal neutrons which these facilities 
can provide. 

Argonne's new Intense Pulsed 
Neutron Source (IPNS-I) uses some 
of the components of the retired 
Zero Gradient Synchrotron. A 50 
MeV negative hydrogen ion linac 
feeds a rapid cycling synchrotron of 
7 m radius (initially foreseen as the 
ZGS booster) where the ions are 
stripped down to protons. The pro­
tons are accelerated to 500 MeV, 
and the planned beam intensity is 8 
microamps distributed in 30 pulses 
per second (which is useful for time-
of-flight experiments). These pro­
tons are directed onto two heavy 
metal targets to produce neutrons 
by spallation. 

Argonne previously operated two 
prototypes (known as ZING - ZGS 
Intense Neutron Generator), provid­
ing good experience for a varied anc^ 
interesting ongoing experimental 
programme. Several diffractometers 
have been developed (powder, sin­
gle crystal, small angle, crystal ana­
lyser and chopper diffractometers). 
They will be used in the study of 
crystals in powder form, of biological 
molecules and of semiconductors. It 
should be possible to look at the 
density states of electronic excita­
tions in superconductors. A preci­
sion experiment is being prepared to 
measure the neutron dipole mo­
ment. A Radiation Effects Facility 
will be set up to investigate neutron 
damage to reactor components at 
low neutron temperatures and it will 
also be possible to investigate some 
neutron damage effects likely to be 
experienced in components of fusion 
reactors. 
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People 
and things 

The potential importance of the 
research with neutron beams was 
recognized in the USA in a report 
prepared for the Department of 
Energy by a panel headed by W. 
Brinkman. It called for a national 
programme with annual financial 
support at the level of some $20 
million compared to the $14 million 

'hich had been scheduled. The 
icreased funding was intended to 

cover operation of research reactors 
at Brookhaven and Oak Ridge and 
the bringing into operation of two 
accelerator-based facilities at Ar­
gonne and Los Alamos. Argonne 
hopes that some intermediate fund­
ing level will keep research at IPNS-I 
alive for the next five years by which 
time a more advanced facility would 
be appropriate (ideas for IPNS-II are 
already proposed). 

Meanwhile at Los Alamos a pro­
ton storage ring (PSR) is being built 
at the LAMPF 800 MeV linear accel­
erator to add to the research possi­
bilities at the Weapons Neutron 
Research (WNR) facility. This can 
presently take some 10 microamps 

urLtbe PSR is expected to increase 
this to near 100 microamps in 1985. 
At the TRIUMF and SIN meson 
factories, neutrons are drawn from 
beamstops for experiments with 
modest neutron intensities. 

In Japan some of the spare pro­
tons from the KEK 500 MeV booster 
synchrotron have been used for neu­
tron research since 1 980. This pro­
gramme was promoted particularly 
by Tohoku University. The present 
available beam of about 1.5 mi­
croamps in 1 5 pulses per second is 
being improved. 

The world's biggest neutron 
source presently under construction 
is the Spallation Neutron Source 
(SNS) at Rutherford in the UK (see 
May 1 976 issue, page 1 70). The aim 
is 200 microamps average current 
with 50 pulses per second in a 

rapid-cycling proton synchrotron be­
ing built in the hall which formerly 
housed the Nimrod 7 GeV proton 
synchrotron. Components of the 
new machine are arriving at the 
Laboratory and it is hoped to have 
first beams in 1 984. 

A still more ambitious project is 
the SNQ (Spallations-Neutronen-
quelle) planned by a Julich/Karls-
ruhe collaboration (see October 
1 980 issue, page 299). It is based on 
a 1.1 GeV linac which could be 
supplemented by a compresssor 
ring. As reported in the June issue 
(page 210), the project received 
backing in principle from the Pinkau 
Committee which looked at large 
projects in the Federal Republic of 
Germany. 

Erich Vogt 

New director for TRIUMF 

On 1 July, Erich Vogt became the 
fourth Director of the TRIUMF Labo­
ratory, succeeding J.B. Warren, J.R. 
Richardson and J.T Sample. With 
its policy of rotating directorships, 
TRIUMF can mow claim two-thirds 
of all the 'meson factory' directors 
ever appointed. 

Erich Vogt was a leading member 
of the group which proposed and 
built TRIUMF and served as Asso­
ciate Director from 1968-73. Since 
1975 he has been Vice-President 
of the University of British Colum­
bia, but in spite of this handicap 
has continued to supervise graduate 
students and to co-edit 'Advances 
in Nuclear Physics'. He also served 
as Chairman of the Science Council 
of British Columbia and as President 
of the Canadian Association of Phy­
sicists. He is assisted at TRIUMF 
by five Division Heads; D. Axen 
(Science), E.W. Blackmore (Experi­
mental Facilities), M.K. Craddock 
(Accelerator Research), G. Dutto 
(Cyclotron) and B.D. Pate (Applied 
Programme). 

Jack Sample's five-year term has 
seen both the facility and the exper­
imental programme come into full 
operation, with sizable increases in 
budget, staff and buildings. The 
annual average current has been 
increased fifty-fold, with regular 
100 microamp operation. Many 
new beamlines and facilities have 
been built (under Karl Erdman), 
while a number of applied projects 
have been successfully inaugurated 
(under Brian Pate). 

MULT/ 

Over the last several years a new 
'language', MULT/, has made a ma­
jor hit at Fermilab. MULT I is a pro­
gram that can flexibly handle inter-
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Fritz Bartlett (left) and Dave Ritchie with a 
typical display given by MULTI, the on-line 
program now widely used at Fermilab. 

(Photo Fermilab) 

active on-line computing from 
widely differing experimental CA-
MAC configurations. By now two-
thirds of the running experiments 
at Fermilab are using the system. 
It is literally true that an on-line 
system can be put into practical 
operation over a weekend. 

The original MULTI was invented 
by Fritz Bartlett to satisfy the needs 
of three widely different CalTech 
experiments in the early days of 

Fermilab. This global perspective 
of on-line computing resulted in a 
flexible graphics-oriented interactive 
data analysis package capable of 
supporting MULTI pie data investi­
gations. 

Lou Taff, Dave Ritchie, Liz Quigg, 
and Terry Lager/und of the Fermilab 
Computing Department documented 
the system. They, along with Dan 
Curtis, Robert Dosen and Joel Biel 
also of the Computing Department, 

together with Bartlett, developed 
data acquisition modules for the 
two prevalent operating systems. 
The result was two varieties of the 
present package, referred to prop­
erly as MULTI7DA. The most pop­
ular of these can handle input/out­
put from widely differing CAM AC 
configurattons without any prograrr 
ming changes. 

The MULTI part of the package 
serves as the user interface. It has 
a straightforward language coverint 
all the features required by a typica 
operating experiment. BEG IN RUN 
and ENDRUN statements do just 
as expected. Tape manipulation 
commands exist along with an ex­
tremely flexible histogramming phi­
losophy. An EVALUATE sequence 
makes it possible to dip into a run 
in progress and modify the calcula­
tion scheme. 

Many of the normal trials and 
tribulations of an on-line program 
are taken care of automatically by 
MULTI7DA. Buffers, record lengths, 
and CAM AC commands are all spe 
cified without programming. It is 
easy to modify these elements in 
order to tailor the program to a 
specific experiment. In addition, a 
series of calls to dummy FORTRAN 
subroutines are provided so that 
specialized program additions can 
be readily integrated into the sys­
tem. 

The wide use of MULTI/DA at 
Fermilab has resulted in an increas­
ing body of software integrated 
with the MULTI approach. This is 
overcoming a long-standing 'Tower 
of Babel' problem with earlier on­
line programs - none seemed to 
build on, or connect to, prior work. 

A great deal of the success of 
MULTI is due to an approach to on­
line computing pioneered at Fermi-

Risto Orava, newest Wilson Fellow to be 
appointed at Fermilab. 
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Insertion of a strip of non-evaporable getter 
into the pumping channel of a section of 
beam pipe for the PETRA ring at DESY. 
Tests with this pumping system achieved 
encouraging results. 

(Photo CERN X519.1.81) 

lab by AI Brenner, who mandated 
a basic on-line computer hardware 
package in the early days of the 
Laboratory. As a result, each Labo­
ratory-provided installation has a 
compatible complement of on-line 
equipment. This hardware philoso­
phy proved to be fertile ground for 
the development of a universal on­
line system. 

In addition, MULTI has been mod­
ified to run in other environments, 
such as those handling multiple 
processors within its framework. 
A t Fermilab, it is being employed 
to study the parameters involved 
in the automated cool-down and 
operation of a test string of Teva-
tron superconducting magnets. 
A way from the Laboratory, it is 
being used at several installations 
in support of nuclear physics exper­
iments as well as the more custo­
mary high energy physics uses. 

Getting better 

The demands of particle accelerator 
builders frequently stretch modern 
technology to the full. One notable 
example is in the field of vacuum 
technology, where some of the 
world's largest high vacuum sys­
tems have had to be developed 
during the construction of large 
accelerators. As well as being large, 
these projects have their own spe­
cial requirements. With their va­
cuum chambers very long but with 
small cross-section, the vacuum 
pumps have to be distributed as 
evenly as possible to ensure prompt 
removal of molecules released from 
the surface of the pipe. In electron 
machines, this has traditionally been 
achieved using sputter ion pumps 
which make use of the magnetic 
fields of the bending magnets. 

Recently a new possibility has 
emerged, using the technique of 
non-evaporable 'getters' - NEG. Get­

ters are substances capable of ab­
sorbing gas molecules, so setting 
up a pumping action. They come in 
two types, evaporable and non-eva­
porable. With the better-known eva­
porable getters, fresh layers of get­
ter material are sublimated to main­
tain the pumping action. With non-
evaporable getters, the material is 
heated so that the gas compound 
molecules diffuse into the interior 
of the material. This ensures a fresh 
supply of surface getter material 
to continue the pumping, and pro­
vides a means of achieving high 
vacua where the magnetic fields 
required for integrated sputter ion 
pumps are not available. 

At CERN, a technique has been 
developed using a commercially 
available non-evaporable getter, 
composed of a zirconium-aluminium 
alloy, which can be mounted in strip 
form along a beam pipe. This can 
achieve pressures in the 109 torr 

range within 20 hours, including 
initial mechanical pumping down 
from atmospheric pressure, even 
without taking the precaution of 
baking the vacuum chamber. In a 
commendable collaboration between 
CERN and DESY, the technique has 
been tried out in a real machine 
environment. A 6 m length of 
PETRA vacuum chamber fitted with 
NEG pump achieved faster results 
and somewhat lower pressures 
than the traditional integrated sput­
ter ion pumps installed in the rest 
of the machine. This encouraging 
result is of interest for future accel­
erator projects, like LEP, where the 
available magnetic fields might be 
limited. 

Electron-proton workshop 

The workshop for electron-proton 
physics at the proposed HERA ma­
chine will take place at the Univer-
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Jacques Lefrancois, new chairman of CERN's 
SPS Experiments Committee, who takes 
over from Bjorn Wiik. 

CERN Director General Herwig Schopper 
starts the 1981 round-CERN relay race. 

(Photo CERN 557.5.81) 

sity of Wuppertal (Federal Republic 
of Germany) on 2-3 October. There 
will be reviews on the physics po­
tential of electron-proton collisions, 
on the different electron-proton 
collider projects, on detectors and 
on polarization. Further information 
from Peter von Handel, DESY, Not-
kestras'se 85, 2000 Hamburg 52, 
Federal Republic of Germany. 

Name change 

What was formerly the UK Science 
Research Council is now known as 
the Science and Engineering Researcl 
Council. The name change does not af 
feet the objects of the Council, but 
does reflect the increasing impor­
tance placed on supporting the worl 
of engineering research depart­
ments. 

Win for UA1 

One of CERN's annual sporting high 
lights is the 3.9 km relay race 
around the Meyrin site. The circuit, 
broken into six legs of 1 km, 800 
m, 800 m, 500 m, 500 m and 300 
m, is quite hilly and is no mean test 
This year some 40 runners lined 
up at the start, and in what could 
be interpreted as a portent of things 
to come, the race was won by the 
UA1 team (David D all man, Alan 

On 20 May there was an official opening 
ceremony at a Laboratory complex in 
Amsterdam including the high energy physic 
Laboratory, NIKHEF-H. On this occasion 
CERN set up an exhibition on its research. 
In the photograph touring the exhibition at 
NIKHEF are, left to right, A. Pais, Dutch 
Minister for Education and Science who 
opened the Laboratories, A. Diddens, 
Director of NIKHEF-H, I. Mannelli, CERN 
Research Director and R.F. Heyn, CERN 
Director of Administration. 

(Photo CERN 600.5.81) 
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Winners of two very different kinds of beauty 
contest: Laboratory Director Leon Lederman, 
co-discoverer of 'hidden beauty' with the 
upsilon particle, interacts with the shapely 
Miss Illinois, resplendent in her full Fermilab/ 
upsilon finery. 

(Photo Fermilab) 

Honma, Veikko Karimaki, Ray Frey, 
Jean Sass and Bill Haynes). Lying 
fifth at the gruelling uphill finish of 
the first kilometre, UA1 established 
a lead by the end of the second leg, 
and went on to win by an impres­
sive margin. After a somewhat less 
brilliant performance last year, the 
team attributes its success to an 
influx of new blood. 

ELECTRICAL ENGINEERS 
The Cyclotron Inst i tute at Texas A & M Universi ty is seeking 
engineers to part ic ipate in the design, const ruc t ion , and 
operat ion of a superconduct ing cyc lo t ron to be used for basic 
and applied research in nuclear science. 

T w o posi t ions are immediate ly available. One is for a creative 
electronics design engineer w i t h a background and interest in 
digi tal data acquis i t ion, computer inter facing, and digital contro l 
of analog devices. A knowledge of modern nuclear inst ruments 
and data-col lect ion techniques wou ld be useful. The other 
posi t ion requires an engineer w h o has an interest in the design 
and const ruct ion of precision high-vol tage and high-current 
power suppl ies, contro l sys tems, and h igh-power radio-
f requency systems. Experience w i t h cyc lo t rons or other accele­
rators wou ld be advantageous but is not required. The 
Cyclot ron Inst i tute is located on the main campus of Texas 
A & M Universi ty in College Sta t ion, Texas. The ci ty and sur­
rounding area offer at t ract ive l iv ing condi t ions, a healthy 
economic env i ronment , and near year-round outdoor recrea­
t ional faci l i t ies. The Universi ty offers an at t ract ive benefi ts 
program including educat ional oppor tuni t ies. 

The salary for these posi t ions wi l l be commensura te w i t h qual i ­
f icat ions and experience. Interested individuals should send 
complete resumes t o : 

D. H. Youngblood, Director 
Cyclotron Institute 
Texas A & M University 
College Stat ion, Texas 7 7 8 4 3 

Appl icat ions wi l l be held in conf idence if so requested. Texas 
A & M Universi ty suppor ts equal oppor tun i ty th rough aff i rmat ive 
act ion. 

The 
STANFORD LINEAR 

ACCELERATOR CENTER 
OF STANFORD UNIVERSITY, 

CALIFORNIA, 

a major high energy physics research laboratory, located on the 
San Francisco Peninsula has an opening for an 

ELECTRICAL ENGINEER 
A special ist in power electronics, to design computer con ­
t ro l led, mul t i -e lement M a g n e t Power Supply Systems, and to 
be responsible for systems contro l and equipment speci f icat ion, 
design, instal lat ion, and checkout . 

The new w o r k is related to the deve lopment of a Linear 
Collider, a s igni f icant step t owa rd higher energy e + e~ col l id ing 
beam faci l i t ies for research. There is also cont inu ing engineer­
ing effort on the exist ing storage rings PEP and SPEAR. 

This is a career pos i t ion. A n MSEE w i t h a m in imum of 2 years of 
experience is desired. Star t ing salary wi l l be commensura te 
w i t h experience. Relocation assistance can be provided. 

For emp loymen t appl icat ions or for fur ther in format ion con tac t : 

Joan Minor 
SLAC Employment Off ice 
P.O. Box 4 3 4 9 
Stanford, C A 9 4 3 0 5 
4 1 5 / 8 5 4 - 3 3 0 0 Ext. 2 4 6 6 

This w o r k is suppor ted by the U.S. Depar tment of Energy. 
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Schreiber 
furSchalt-
tafeleinbau 

Universelle Linien-, Punkt-
und Zeitmarkenschreiber 
mit Linearmotorantrieb 
oder Drehspulmesswerk. 
Linienschreibermit1,2, 3 
oder 4 Messwerken, 
Punktschreiber fur bis 
12 Messstetlen undl bis 
3 Messbereiche, Zeit­
markenschreiber mit 10 
parallelen Eingangen, 
Breites Spektrum mogli-
cher Eingangsgrossen; 
auch fur direkten Anschluss 
von Thermoeiementen und 
Widerstandsthermometer 
Pt100. Registrierung mit 
Tinte, Faserschreiber oder 
tintenfrei. 

Verlangen Sie die Doku-
mentation Einbauschreiber 
fur alle Anwendungen. 

Messumfo raner 
fur I9"-Einbau 
undAufbau 
Umfassendes Angebot 
Messumformer fur die 
Starkstromtechnik -
Wechselstrom und -span-
nung, Wirk-und Blind-
leistung, Leistungsfaktor, 
Phasenwinkel, Frequenzen, 
Summierung von Strom-
und Leistungswerten - und 
die Prozesstechnik -
Thermoelemente, 
Widerstandsthermometer, 
Gieichspannungen und 
-strdme, Potentiometer ~, 
Messumformerausgang: 
ubliche eingepragte Gleich-
strom- und Gleichspan-
nungs-Signale, 

Verlangen Sie die Doku-
mentation Messumformer 
fur alle Grossen. 

Anzeigegerate tiETRA-
LINE*S100,diemoderne 
Baureihe quadratischer 
Einbaumessinstrumente in 
den DIN~Formaten 48,72, 
96 und 144 mm mitWech-
selskala; auch mit ange-
bauten Messvorsatzenfur 
Leistung, Leistungsfaktor 
und Frequenz, 
Quadratische und recht-
eckige Grenzsignalgeber, 
verschiedene elektronische 
Regler, Digitalanzeigen. 
Verlangen Sie die Doku-
mentation Einbaugerate. 

M E T R A W A T T 
AG f iir Messapparate 
Feisenrainstrasse I • CH-8052 Zurich • Tel. 01-102 35 15 

Schreiber fur 
Service, Labor 
und Priif f eld 
Fur jede befiebige Mess-
und U berwach u ngsaufgabe 
in Forschung, Entwicklung, 
Betrieb und Service den 
massgeschneiderten Schrei­
ber. Kompaktel- bis 
6-Kanal-YT-und-XY-Schrei-
ber, urn- und nachrustbar 
durch Messeinschube. 
Schreibende Vielfachmess-
gerate und Temperatur-
schreiber ohne Hilfsenergie. 
Verlangen Sie die Doku-
mentation Laborschreiber. 

Weiteres spezif isches 
METRAWATT-Mess-
technik-Angebot: Breite 
Palette digital oder 
analog anzeigender 
Messgerate, Vielfach-
messgerate und Priifge-
rate f iir verschiedene 
Messaufgaben. 
METRAMATIC^Ein-
schubsystem zum Mes-
sen, Steuern, Regeln. 

Verlangen Sie die ent-
sprechende Dokumen-
tation. 

BBC 
BROWN BOVERf 

GOERZ 
IVIETRAWATT 
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PRECISION E N G I N E E R I N G FOR I N D U S T R Y 

Number of employees: 70 

Design Office and Inspection Dept. on site 

Mechanical sub-contract ing 
Welding sub-contract ing 
Construction of machines for the food-processing industries 
Designing and building of automatic screwing unit 
Building of special machines to customers ' specifications 
Manufacture of special i tems for the nuclear industry and 
research centres. 
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SX200 
• MASS RANGE - 1 to 200 amu, 10% valley resolving power. 
• TOTAL/PARTIAL PRESSURE - Sensitive down to 5 x 10~ 1 4mbar. 
• DUAL FARADAY/CHANNELTRON DETECTORS - With simple 

calibration to give direct multiplier readout in mbar. 
• RAMPED DEGAS FACILITY - With overpressure protection. 
• MULTI-HEAD COMPATIBILITY - One control unit may be used with 

additional analysers without retuning. 
• TWIN FILAMENT SOURCE. 
• STANDARD CURSOR FACILITY - Linked to integral digital mass display. 
• ISIS - instrument Status Indication System. 

For applications demanding the ultimate in performance, high precision magnetic 
sector instruments are available. These applications include impurity analysts, accurate 
mixture analysis and isotope distribution. Computer control and data acquisition 
systems are available with comprehensive data handling programmes. 

For further information contact: 

VG Gas Analysis Limited, 
Nat Lane, Winsford, Cheshire CW7 3QH. 
Telephone: Winsford (06065) 52021 Telex: 668061. 



APD CRYOGENICS 
1919 Vultee Street, Allentown, PA 18103 (215)398-8419 Telex; 84-7116 





o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

NEW SOFTWARE-MINDED 
SYSTEM CONCEPT 
GENERAL: MEMORY MAPPED CAMAC ACCESS 

STRUCTURED FOR TRUE NESTED INERRUPT HANDLING 
RUNS ALL UNMODIFIED STANDARD DEC SOFTWARE 
CAMAC DIAGNOSTICS* FORTRANt BASIC» ASSEMBLER 
SINGLE INSTRUCTION DATA TRANSFER ( 1 6 B I T S ) 

FEATURES. • 1 1 / 2 3 
<ACB) 

CPU BOARDS 
LOGIC 

ETC * 

USES ORIGINAL DEC L S I - 1 1 / 2 OR L S I -
HAS FULL A U X I L I A R Y CONTROLLER BUS 
HAS Q-BUS CONNECTOR 
INCORPORATED ASYNCHRONOUS SERIAL L I N E INTERFACE 
COMPLETE SYSTEM <CPU>64KB»20MA C D I N A 3 WIDTH UNIT 
I N D I V I D U A L VECTORS FOR ALL LAM'S» Qf X> 
CAN ALSO HANDLE 24 B I T S OF DATA 
HAS F CODE STORAGE FOR REPETIT IVE USE 
HAS AUTOMATIC CAMAC N AND A SCANNER 
HARDWARE Q-SCAN AND Q--REPEAT MODES 
CAN CONTROL SEVERAL CRATES 
CAN WORK WITH CAMAC SHORT CYCLE < IN DMA) 
SPECIAL HARDWARE TO S IMPL IFY SOFTWARE 

PACKAGES* WITH EXTENSION MEMORIES? FLOPPY DISC SYSTEMS? ETC. 

borer BORER ELECTRONICS AG 
CH-4501SOLOTHURN /SWITZERLAND 
Tel : 065-31 11 31 Telex: 34228 
Suisse Romande: Tel. 0 2 2 - 7 6 38 4 6 
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The new 32-bit ND-500 
for the discerning user! 

The new ND-500 system has proved in 
benchmarks that it is considerably faster than 
any other 32-bit machine now available. This 
multi-user, multi-programming system handles 
time-sharing, real-time, batch and 
communications concurrently. 

The heart of this multi-processor system is 
the powerful 32-bit ND-500 processor with an 
instruction set specially chosen to execute 
high-level language programs efficiently. 
Several functions such as FORTRAN DO-loops 
are performed by a single machine instruction. 
In this byte-oriented system instructions are 
variable in length, and the most common are 
executed in one 200-nanosecond machine 
cycle. Instructions are pre-fetched to increase 
throughput. Floating point instructions in both 
single and double precision are carried out by 
special hardware which performs arithmetic 

operations on parallel arrays. This gives very 
short instruction times: double-precision 
addition and subtraction take only 400 
nanoseconds, multiplication 500 and division 
2900 nanoseconds. 

The system has 32 to 128 Kbytes of cache 
memory divided into two parts, one for 
instructions and one for data, so these may be 
fetched in parallel. The logical address space is 
almost unlimited-more than 4 Gigabytes for 
instructions and the same for data. And the 
high-speed shared main memory ®f the system 
can be as large as 32 Mbytes. 

The software and peripherals are fully 
compatible with those found on the well-known 
ND-100 system. And those of you who have an 
ND-100 will be glad to know that it can be field 
upgraded to a complete ND-500 system. 

••• •••• •••••••• 
••• ••• ••••••• 
Norsk Data Siege :» Le Brevent«, av. de Jura, 01210 Ferney-Voltaire. Tel. ; (50 )408576 

Paris : 120 Bureaux de la Colline, 92213 Saint-Cloud. Tel. : (1 )6023366 
Lausanne : 7, Chemin des Charmettes, CH-1003 Lausanne 

The competitive European Computer Company 
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C A M A C 
c o n t r o l a n d 

p o w e r 

Now you can realize all the advantages of a cost-
effective, compact LSI-11 microcomputer system 
within a CAMAC crate. Another total system 
concept, the 8033 can be used as an autonomous 
stand-alone system or as an integral part of a 
CAMAC serial highway. Its applications include 
laboratory automation, industrial process control, 
distributed systems, and software development. 

The 8033 CONCEPT offers you a unique l/O-
addressable crate controller concept where four 
registers in the crate controller can be mapped 
anywhere in the LSI-11's I/O page. This concept 
eliminates address restraints on the I/O page and 
permits your application software to take full 
dvantage of the LSI-11/23's speed. 

In addition, the 8033 CONCEPT features: 

• full LSI-11 bus compatibility 

• four strap-selectable LSI-11/23 interrupt levels 

• support for multiple crates on a single LSI-11 
bus 

• software drivers and FORTRAN-callable 
subroutines available and supported by 
KineticSystems 

S033 CONCEPT system 
This LSI-11/23 CAMAC system is an expandable modular 
device composed of these major components: 

• a 1 5 0 0 2 5 - s l o t p o w e r e d C A M A C c r a t e ( h o u s i n g y o u r 

m i c r o c o m p u t e r s y s t e m a n d p r o c e s s m o d u l e s ) 

• a 3 9 2 3 C A M A C c r a t e c o n t r o l l e r f o r L S I - 1 1 ( s e r v i n g 

i n e i t h e r m a i n o r a u x i l i a r y m o d e ) 

• a 3 8 2 3 P r o c e s s o r A d a p t e r U n i t ( h o u s i n g a n L S I - 1 1 / 2 3 

C P U m o d u l e ) * 

• a 3 8 2 4 P e r i p h e r a l A d a p t e r U n i t ( h o u s i n g m e m o r y o r 

p e r i p h e r a l i n t e r f a c e m o d u l e s ) 

*This unit houses an LSI-11/2 CPU module in our 8032 

CONCEPT system. 

P l e a s e c o n t a c t u s f o r a d d i t i o n a l i n f o r m a t i o n 

Systems International S.A. 
Dept. CC81 * 3 Chemin de Tavernay » 1218 Geneva, Switzerland • Tel. (022) 98 44 45 * Telex 28 9622 
KineticSystems Corporation * 11 Maryknoll Drive • Lockport, Illinois 60441 • Tel. 815 838 0005 * TWX 910 638 2831 





C A M A C 
STAND ALONE CAMAC COMPUTER 

A SOLUTION FOR SYSTEM DEVELOPMENT 
SYSTEM TESTING 
SMALL SYSTEMS APPLICATIONS 

STACC 2107 STAND ALONE CAMAC COMPUTER FEATURES 

RP 2114 EPROM PROGRAMMER 

- DOUBLE WIDTH CAMAC UNIT 

- POWERFUL 16-BIT MICROPROCESSOR 

- 16K - 16-BIT RAM MEMORY 

- RS-232 C AND CURRENT LOOP 
INTERFACES 

- EPROM OR FLOPPY DISK 
RESIDENT PROGRAMS-

- PRIORITY LOGIC PERMITTING 
MULTIPROCESSING 

- THE POSSIBILITY OF USING THE 
N0D0L HIGH-LEVEL LANGUAGE 

APPLICATIONS OVERLEAF 

ASSOCIATED WITH THE ACC/STACC TYPE DEVICES 

FEATURES 

PROGRAMS ALL TYPES OF EPROMS : 
2508, 2516 AND 2532 

Two MEMORIES CAN BE PROGRAMMED 
SIMULTANEOUSLY 

LOW BYTE 
HIGH BYTE 16 BITS 

WHEN USED WITH THE ACC/STACC 
TYPE DEVICES, THE RP 2114 
SIMPLIFIES THE GENERATION OF 
SUPPORT SOFTWARE 

APPLICATIONS OVERLEAF 

France: EG&G Instruments; Zone Silic428; Tel. (1) 6872571 -Tlx202553F, F-94583 RUNGIS CEDEX-Germany: SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; 
Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 -Switzerland I SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Auptrasse 4; Tel. (01) 94551 03; Tlx 58257ch -
CH-8604VOLKETSWIL-United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY-OFFICES THROUGHOUT THE WORLD. 
Headquarters: 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 3 1 ; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. 
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Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 
Such parts can also be 
manufactured in combination 
wi th carbon fiber. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 03.001 
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N E S E L C O ' s T V Display Controller is 
a single width C A M A C module. The 
D I C O generates and transfers display 
data to the T V Display Memory by 
means of very few instructions from the 
host computer. 

T h e T V Display Memory consists of 
two single width C A M A C modules. 
The S U P E R D I M E stores and gene­
rates full graphics and character video 
signals for black-white and colour T V 
monitors. 

Changing of jumpers on the board of the 
S U P E R D I M E allows control of one of 
the following: 

• A high resolution monochrome T V 
monitor display 

• Four independent standard resolu­
tion monochrome T V monitor 
displays 

• Red, green, and blue colour drivers 
with eight colour combinations for 
colour T V monitors 

• A standard resolution monochrome 
T V monitor display in a 16 or 8 level 
grey-scale. 

N E S E L C O ' s D I C O and S U P E R D I M E 
are developed in cooperation with the 
SPS Operations Group, C E R N . 

CD O O 
o 
CO 

o 
CD 

NESELCO A/S 
2, Haydnsvej 

DK-2450 Copenhagen SV 
Phone:+ 451 17 33 22 

Telex: 15622 
Cables: NESELTRONIC 
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