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First sign of the Z?

* A second Z candidate
event, this time producing
a muon pair, has also
been found.

The big UA 1 experiment at the CERN
SPS collider has seen a 540 GeV pro-
ton-antiproton collision which pro-
duces a very energetic electron-posi-
tron pair, very suggestive of the pro-
duction and decay of the long-
awaited Z° particle.*

During the run at the end of 1982,
the two collider experiments (UA1
!1d UA2) amassed nine events pro-

ucing a lone energetic electron and
‘missing energy’, indicative of an ac-
companying neutrino. These looked
like decays of W bosons, the carriers
of the charged weak current, with a
mass some 90 times that of the pro-
ton.

At the start of the 1983 collider
run in April, hopes were high that the
collision rate in the SPS could be
coaxed higher so that the experi-
ments would have a good chance of
seeing the electrically neutral Z bos-
on, the carrier of the neutral current
of the weak interaction. The Z is pre-
dicted to be about ten times rarer
than its charged W counterparts,
and slightly heavier, about 100 times
'.‘we mass of the proton.

To have a good chance of inter-
cepting a single Z, the experiments
needed to amass at least several
times the amount of data already
recorded. As the 1983 run got under
way, it proved difficult at first to
boost the collision rate and hopes of
a quick Z sighting began to fade. But
luck seems to have been with the
experimentalists, and the UA 1 team
triumphantly unearthed a Z candi-
date event on 4 May (from data re-
corded a few days earlier) . The Z
signal, a clean very high energy elec-
tron-positron pair, is less questiona-
ble than the W events. A first esti-
mate of its mass from the single
event puts it in the range near 100
GeV, as predicted.

If confirmed, this means that the
electroweak theory is now fully
established. This would be the
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A remarkable 540 GeV event recorded by
the big UA 1 detector at the CERN SPS
proton-antiproton collider. Top, two very
high energy tracks, identified as an electron
and a positron from their calorimetry
information, flying away from each other
at a wide angle. Bottom, the ‘lego plot’ of
the very clean electron-positron pair.
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crowning glory of fifty years of dili-
gent work by several generations of
physicists. Pioneer work in the
1930s suggested that the weak
force could be carried by a messen-
ger particle, just as electromagne-
tism is transmitted by the photon.
But while the photon is massless, the
weak carrier would have to be
heavy.

In the 1950s and 60s, theorists
slowly pieced together the ideas for
a unified electroweak force which
brought together electromagnetism
and the weak force. One by-product
of this work was the seemingly bi-
zarre prediction that the weak inter-
action should also exist in a form
which did not permute electrical
charges. This was the neutral cur-
rent, eventually discovered in the
Gargamelle bubble chamber at CERN
in 1973.

However the W and Z particles
predicted by the electroweak theory

were at first out of reach. It needed
the inventiveness and superb accel-
erator physics behind the CERN anti-
proton project to make the dream of
seeing these particles a reality.

Later this year, a special issue of
the CERN COURIER will be given over
to the electroweak saga and the
CERN antiproton project.
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Cocktail time: (left to right) John Lawson,
Giorgio Brianti, Phil Morton and Bob
Jameson (Conference Chairman).

while the remaining twelve are near
completion. These should provide a

wavealth of information on the practi-

’ality of this exciting new accelerat-
ing structure. Y. Hirao from Tokyo
discussed their 132 cell RFQ Linac
‘LITL". It has successfully acceler-
ated ions from hydrogen to lithium,
operating at 100 MHz. A proton cur-
rent of 70 pA has been measured
with a transmission of 95 % and the
beam parameters agree satisfac-
torily with the computer simula-
tions.

Beam physics

In beam dynamics, it was clear that
computer simulation has reached a
new level of sophistication. Elabo-
rate programs, some running for
hours on the latest high speed com-
puters, have been written to study
the long-standing problem of the sta-
bility of high current (amp to mega-
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amp) beams under the influence of
self fields. Results are in reasonable
agreement with measurements
wherever available.

New levels of maturity were seen
in the understanding of stochastic
cooling especially of bunched proton
and antiproton beams and of depo-
larization processes in stored polar-
ized electron and positron beams.
The former investigation indicates
the possibility of cooling bunched
beams and prescribes better optim-
ized designs of cooling systems ; the
latter suggests methods of preserv-
ing polarization in high energy collid-
ers such as PEP, PETRA, and LEP.

Topics pertinent to the many mod-
ern facilities requiring high currents
fell into three main categories: insta-
bilities in multi-kiloampere, high cur-
rent electron accelerators; emit-
tance growth and current limits of
intense heavy ion beams in long
transport lines; high order r.f. modes
limiting performance of electron
storage rings. )

Q and transverse impedance
measurements of accelerating mo-
dules for the multi-kiloampere Ad-
vanced Test Accelerator (ATA)
were reported, with the implications
for beam break-up instability. A
companion paper discussed two
methods — one measured, one pro-
posed — of reducing beam oscilla-
tions by special Landau damping
cells. Other methods were proposed
to handle intense electron beams,
including recirculation through induc-
tion cavities or betatrons with or
without a toroidal field. Standing
wave r.f. linacs with very high gra-
dients may also be useful at very high
currents.

The generation of intense, low
emittance beamsis crucial for driving
inertial fusion with heavy ions. Sev-
eral groups reported early phases of
experiments to check emittance be-
haviour under space-charge con-

ditions in electrostatic quadrupole
(Berkeley, Brookhaven), magnetic
quadrupole (Darmstadt) and solenoi-
dal (Maryiand-Rutherford) transport
channels.

High order r.f. modes coupling to
transverse beam motion constrain
single bunch currents and bunch
lengths in electron storage rings;
wake field effects also limit ring per-
formance. Three CERN papers dis-
cussed the design implications for
bunch energy spread and bunch
length in LEP. Comparison with PE-
TRA performance provides a bench-
mark for optimizing the LEP design.
An experimental study of single
bunch instabilities in PETRA sug-
gested several means of raising
threshold currents. New computer
codes have been written at DESY to
study cylindrically symmetric cavity
modes and wake fields including
components up to the octupole.

The Chinese outlined a method of
using Hertz potentials to solve for
azimuthally periodic modes of axi-
symmetric r.f. cavities. The finite ele-
ment approach has been extended to
three dimensions, but we are still
waiting for a versatile 3D code to
handle a useful number of modes.

Special topics

All major US proposals for a me-
dium-energy c.w. electron machine
were aired in a special session where
there was also a progress report, by
H. Herminghaus, on the commis-
sioning, in less than two months, of
the second stage of the MAMI pro-
ject at Mainz. In March, this stage
delivered 15 uA at 178 MeV. A
beam monitoring device, based on
observing synchrotron light, gives
precision information on the beam
during each of the 58 turns. This will
provide useful data on the perfor-
mance of a microtron in the interme-
diate energy range.
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were reported for a helix structure
and for ions collectively accelerated
from laser-produced plasmas; ion
energies up to several MeV per nu-
cleon are routinely achieved. New
collective accelerator ideas include
use of a space charge wave instabil-
ity in a dielectric guide and a travel-
ling magnetic wave on a toroidal el-
ectron cloud.

Laser accelerator schemes, and
particle simulations of them, at-
tracted discussion. Some of these
schemes employ lasers to produce a
beatwave in a plasma at the electron
plasma frequency. A very large
electric field results over a very small
region. It is speculated that very high
electron energies (about 1 TeV)
might be produced, but very high las-
er intensities are needed and the
number of accelerated particles
would be small. No experiments
were reported for these concepts.

Several novel ideas were pre-
sented that deal with more conven-
tional technologies. A racetrack in-

duction accelerator was proposed
with stellerator windings on the
curved section to provide beam sta-
bility. A beam extracted from an in-
duction accelerator was focused
with a series of foils. And a trans-
verse focusing field accelerator was
proposed that produces a ribbon-
shaped beam that is focused and
accelerated between pairs of curved
plates with alternating curvatures.
An interesting design for a high-cur-
rent induction accelerator with nine
parallel beam channels (Hermes I}
was presented.

The closing session offered three
talks by renowned experts on areas
of special interest. Eric Vogt from
TRIUMF reviewed electron and hea-
vy-ion machines for nuclear re-
search. - He denoted these ap-
proaches as conservative and spe-
culative, respectively, and both have
strong adherents. Charlie Baltay of
Columbia gave a vigorous report on
the Aspen reaction on future high
energy facilities in the USA — what

technology will be sufficiently pow-
erful to go beyond the Tevatron, LEP,
etc? What Laboratory will be big
enough to hold the Desertron — the
accelerator which will step into, or
across, the ‘desert’ just over the pre-
sent energy horizon? Finally, Pief Pa-
nofsky reminded us that it is difficult
to see too far ahead. The utility of a
new machine can be different fron
our expectations, and plans ma?
therefore need to change. He encour-
aged the planners: although the cost
scaling rules for increasing energy
look ominous, Laboratories have re-
duced unit cost per MeV to the point
where total costs are not dominated
by the accelerator alone. With devel-
opment of the necessary talents for
these great facilities, we always
seem able to make the next step.

(We are grateful to Bob Jameson
and Olin van Dyck for organizing cov-
erage of this Conference and provid-
ing the information for this article.)

Theoretical science and the future of
large scale computing

Kenneth G. Wilson

There are extraordinary changes tak-
ing place in the business community,
driven by the twin pressures of Ja-
pan and the computer. The change is
not always recognized in the aca-
demic community or in government,
which evolve much more slowly.
The timescale for research and de-
velopment is shrinking fast. The old
picture of research and development
can be illustrated by the laser, dis-
covered more than twenty years
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ago. Now there is going to be arevo-
lution in communications based on
lasers and optical fibres. In that
twenty-year period, the laser has
gone from being a scientific curiosity
to the subject of a standard industrial
R and D operation. But especially in
the computing business, one no lon-
ger has twenty years to do R and D.
One has maybe three or five years. A
product lasts for three to five years,
and then it's back to the drawing

board. This pressure means that the
style of R and D which tinkers with a
well-defined object does not work
any more. It aiso requires greater
scientific understanding, to enable
moving into new areas faster.

In the traditional industrial ap-
proach everything inside the industry
is secret. Progress is now towards a
situation where to gain industrial ad-
vantage companies have to learn
early on about new developments
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The computer
message

This article is based on a talk
given by Kenneth Wilson at
CERN in the CERN Computer
Seminar series. Wilson, who
was awarded the Nobel Prize
' for Physics last year (see
December 1982 issue, page
403), is a strong advocate
of extending and improving
the use made of computers
in physics.

Over the years, physics
and computer science have
tended to go their own ways,
and although many physicists
use computers in their work,
their methods are often highly
traditional. However, it is
becoming clear that a lot of
present activity in computer
science and software engi-
neering is relevant to high
energy physics.

Last year, a workshop on
b high energy physics software
was held at CERN with the
subtitle — "Where do we go
from here?’ Its aim was to
stimulate exchanges of pro-
gramming experience be-
tween computer oriented
people in high energy physics
and in other professions and
fields of research. This meet-
ing provided a glimpse of
how physics could benefit
from computing develop-
ments in other areas. How-
ever few lines of direct com-
munication exist, and recom-
mendations were made for
ways of improving this
awareness. Following what
Ken Wilson has to say on
the subject is surely one of
them.
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outside. This will be more important
than keeping things secret. Indus-
tries have now to reorganize so that
outsiders can talk to people in indus-
try and bring ideas in.

This kind of change means that the
role of science and scientists in so-
ciety is going to become quite differ-
ent from what it has been in the past.
Scientific operations should be much
more integrated with business oper-
ations as business seeks to be in-
formed and to take advantage of
basic research. The lead area where
this is going to take place is comput-
ing because it is here where the R and
D times are the shortest.

How will computing developments
affect basic research? In elementary
particle physics, experimentalists
have to analyse events which include
hundreds of particles, and a Monte
Carlo simuilation clearly eats up a
major amount of computing power.
But the principle of energy conserva-
tion helps. Hundreds of particles are
involved, rather than millions. But to-
day's theorists face the problem of
having to study on a very short ti-
mescale the events that the exper-
imentalists measure. Hundreds of
particles are not suited to simple ana-
lytic theories like the theory of the
hydrogen atom or the theory of the
earth going around the sun. One has
to rely, at least in part, on computer
simulation.

Computer simulation for the theo-
rist has to deal not with the final out-
come of an experiment, so much as
with the factors that govern its final
outcome. In a very short time interval
energy conservation no longer rest-
ricts the number of particles. To be
precise, when dealing with short-
lived gluons inside a proton or neu-
tron, ten or fifty are not enough. In
fact a lattice is needed in order to
have a finite number of gluons. But
even a finite lattice inside the proton
is going to involve thousands, if not

millions of points, and gluons should
be present at every point of that
mesh. The computing power needed
for these theoretical simulations,
which are still Monte Carlo simula-
tions, are enormously larger than ex-
perimental requirements, simply be-
cause the number of objects in-
volved is so much larger. And that is .
why | started thinking about how one
would justify getting enormous
amounts of computing power into
theoretical science.

When | added up the total comput-
ing requirements that | needed, | dis-
covered nobody was making that
kind of computer. So the first prob-
lem was not that | did not have any
money, but that even if | did, there
would be nothing to spendit on. And
pursuing that same line of reasoning,
| have gradually come to get an over-
view of the computing situation, not
only in universities but in industry as
well, where the big need lies.

One problem is the question of
training. The standard attitude of
physicists towards computing is that
to be ready to do serious computing,
whether it be computer simulation
for theory or data analysis for experi-
ment, they need only a two-week
course in FORTRAN.

"Nobody would sug-
gest that someone
is ready to do serious
experimental work in
physics if they have
just had a two-week
course in soldering.
And yet the attitude
is that a two-week
course in FORTRAN
gets people ready to
do computing!’
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Any graduate student who is to
use a computer as part of his PhD
should have about a three-month
training course in relevant aspects of
computer science. Computer train-
ing should also be more integrated
with college level courses at both the
undergraduate and graduate stage.
But this means changing the lan-

@Jage or the framework of comput-
ng because a student cannot pre-
pare a FORTRAN program in the time
that it takes to do a normal course
assignment.

Then there is networking. Many
physicists face the issue of wanting
to work from a home institution on
an experiment elsewhere, wanting to
talk to colleagues at other institu-
tions, and to exchange data and pro-
grams, etc.

There is one additional aspect of
networking which | find many scien-
tists are unaware of. This is interdis-
ciplinary communication. For exam-
ple, an electrical engineer at Cornell
was preparing a computer architec-
ture course. He had to cover about
saght different computers, about half
;f which he knew, but he needed
information on the other half. So he
put arequest on the ARPANET bulle-
tin board for information about the
unfamiliar computers. Experts on
those four computers sent him re-
plies over ARPANET.

As more theorists move towards
computers, they are moving towards
solving problems from first princi-
ples. Not just in elementary particle
physics where one expects to work
from first principles anyway, but in
solid state physics, applied physics,
chemistry, geology, and many areas
of engineering. These people need to
communicate with each other so
they do not keep reinventing the
same thing. The computer network
is needed to enable this communica-
tion to take place.

This is especially important to
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bring the academic community in
contact with industry as industrial R
and D moves from a closed opera-
tion which would not accept infor-
mation, evenif it were supplied, to an
open operation seeking information.
Industrial research people can use
the network to ask for help from out-
side. | am pressing very hard in Wa-
shington for a computer network
serving all scientists.

Next there is software. The soft-
ware problem led in the end to the
stop in development both at big Lab-
oratories and in business. | think this
was a primary reason the demand
did not appear immediately for a su-
percomputer like the Cray. If the de-
mand had developed in the normal
way from progress in the 60s, super-
computers would be commonplace
now.

The software problem is one word
— FORTRAN. FORTRAN is restric-
tive because there is a limit to the
complexity of the programs that one
can write using it. FORTRAN has two
problems. One is that you cannot
read it and the other is that you can-
not modify it. Computer scientists
have been complaining about this for
years, but they have not been very
helpful. First they touted ALGOL.
ThenPL/1. Then PASCAL. But as far
as | can see none of these languages
really solve the problems of FOR-
TRAN.

An analogy shows the heart of the
problem. A 60-page FORTRAN pro-
gram has roughly as much informa-
tion as an advanced textbook. To
take that textbook and give it the
quality of FORTRAN program,
scramble all the words. For example,
trying to figure out a big FORTRAN
program requires continually leaping
back and forth through the entire list-
ing. Can something be done about
this? | have been trying to under-
stand what computer science ideas
might be truly helpful and | am con-

vinced that there are ideas, which if
properly packaged, would easily su-
persede FORTRAN. But the ideas
have not been packaged for scien-
tific processing. They are being used
in other areas like database manage-
ment or operating systems because
the scientific programmers have said
that they do not want anything other
than FORTRAN, and the computer
scientists have taken them at their
word. Furthermore the packaging re-
quires somebody who really under-
stands what a scientific programmer
wants. This the computer scientists
do not understand.

But | would like to give an idea of
what programming might be like us-
ing some of these computer science
ideas in a scientific programming
system. The problem is not to elimi-
nate FORTRAN but to demote it to
the level of assembly language, a lan-
guage produced by machines and
not by people. It doesn’t matter if
assembly language is unreadable be-
cause you never read it anyway. Or
you shouldn’t!

Computer scientists are thinking
about how to take models which
humans have developed over thou-
sands of years to handle complex
organizational problems and use the
computer in the framework of these
models. As an example, take a text-
book, a framework of information
organized so that it can be read. Sup-

‘The scientific com-
munity... is building
up a backlog of huge
piles of FORTRAN
which cannot be read
or modified and is
just an incredible
drag on the whole
scientific operation.’
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pose we want a program to look like
a textbook. Chapter 1 will list the
equations to be solved. (I am talking
as a theorist so | am interested in
equations!) Chapter 2 introduces the
numerical methods to solve these
equations. Chapter 3 lists the
boundary conditions. Chapter 4
describes the data structures. Later
the book deals with the optimization
methods to make the program sup-
erfast on one’s favourite computer.
fn a normal FORTRAN program part
of each of these different chapters is
present in every loop.

How could this sytem of separate
chapters actually work? One way is
at the end of Chapter 2, after intro-
ducing specific codes for numerical
methods, a transformation is defined
which inserts that code into the
equations in Chapter 1. Such a trans-
formation would say, for example,
that an integral sign is to be replaced
by a certain piece of code. Trans-
formational systems already exist
which come quite close to being able
to do that. The advantage of trans-
formations is that the equations in
Chapter 1 are part of the final pro-
gram and therefore if the program is
changed, but not the equations, the
program does not run. The equations
have to conform with the program. If
the equations were written in a nice
orderly fashion but are not part of the
program, then they are the equations
for what the program did before, not
what it does now.

Scientific input is required for a
system which serves scientists, so |
have set up the GIBBS project at Cor-
nell of which | am the director but all
the workers will be computer scien-
tists. | hope there will be other such
projects because it is clear that any
single project has a very high proba-
bility of failure, as in the case of oper-
ating systems.

Finally, there is the hardware ques-
tion. How are we going to get suffi-
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cient computing power to tackle
basic theoretical questions, and no
doubt experimental questions as
well? The main trend in computer
components is not that they get fas-
ter but that they get cheaper. To get
maximum computing power the
question is not one of having a single
computer which gets faster and fas-
ter, but having lots and lots of com-
puters running in parallel.

The industry is becoming increas-
ingly aware that it has to think about
parallel processing at all levels. But
there is also an incredible opportuni-
ty for scientists to get into the devel-
opment of parallel processing by be-
ing guinea-pigs for systems very ear-
ly in their development, where it
takes a PhD physicist to make it
work. If industry sees all the things
that we have trouble with, then they
can go back and fix them. What
industry wants is to produce some-
thing which a PhD physicist can use
in his sleep. Maybe then the man in
the street can start to use it.

Toillustrate various kinds of paral-
tel processing | shall use a human
analogy again, namely an airline
counter. The first possibility, of not
much interest, is to have one clerk
behind the counter. If that clerk can-
not keep up with the work, then a
development project is launched for
a single clerk with four arms!

The next approach to parallel pro-
cessing is the so-called vector super-
computer architecture. Here there
are a number of clerks behind the
counter and a queue of customers.
The first customer advances to the
first clerk, the first clerk pulls out a
ticket and the customer with his
ticket goes to the second clerk. The
second clerk writes the customer’s
name on the ticket. The customer
then goes to the third clerk who puts
the destination on the ticket. It is an
assembly line.

This form of organization works

fine as long as all the customers wam
tickets, but what if a customer wants
his lost baggage traced? When that
happens, the entire assembly line
grinds to a halt while one clerk sits
there processing lost baggage and
only when he is finished does the
assembly line start processing tick-
ets again.

Some supercomputers have th
same problem. They are incredibly
fast in doing multiplies and adds but
a complicated address calculation
has to be done elsewhere, using a
single much slower system.

The next form of organization was
illustrated originally by the Hliac 4 and
now has been reincarnated in several
commercial machines. In this organ-
ization the customers line up in front
of all the clerks and there is another
clerk with a megaphone. He barks
out ‘Customers advance to counter’,
and they all come up. The clerk with
the megaphone says ‘Pull out a tick-
et’ and then proceeds to shout out al
the instructions for filling out tickets.
Again it is very good for producing
tickets, just as effective as the as
sembly line approach. But it has ex
actly the same problem. When ¢
single customer wants lost baggage
traced, one clerk traces baggage ir
response to the instructions from the
clerk with the megaphone.

In the actual computers, the pro
cessors are connected in a square
array and one processor can onh
pass information to its nearest neigh
bour. That is the most common an¢

"What industry
wants is something
which a PhD physicist
can use in his sleep.
Maybe then the man
in the street can start
to use it.’
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fastest form of communication. For
problems which are very regular in
structure, like Monte Carlo calcula-
tions, in lattice gauge theory, this
organization is extremely effective.
But for things like tracking surfaces
of singularities in a fluid dynamics
flow, then the computing require-
ments at one point are very different
"rom the computing requirements
elsewhere.

None of these organizations seem
to be very useful for detailed exper-
imental data analysis. Another and
more promising form of parallel pro-
cessing has now been developed,
but its only commercial realization to
date is expensive and not very cost
effective. It uses the same organiz-
ation used in the most effective air-
line counters. There is a queue of
customers and the customers go to
the first available clerk. Each clerk
can process any request independ-
ently of what any other clerk does.
One of the big differences with this
approach is that whole subroutines
or loops can be handled at a time, so
each processor can process on its
l)wn for a long time before it has to
communicate with the rest of the
system. This is extremely important
because while computer scientists
have been studying operating sys-
tems for parallel processing for some
time, invariably they wind up with an
operating system which can handle
parallel processing except that every
time a message has to go from one
process to another it takes about a
hundred times longer than they origi-
nally desired.

Whatis neededin parallel process-
ing is a way of cutting down the num-
ber of times that any processor has
to communicate with another, so
huge jobs can run before they have to
talk to each other.

Now | would like to finish with a
variant on this design which was de-
veloped-at New York University. It
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does not yet exist as a piece of hard-
ware. Only the basic concept has
been simulated. It deals with the sit-
uation where there are 4000 clerks
behind the counter. Then the single
queue of customers can be a bottle-
neck. People cannot get to the clerks
fast enough. The new approach is
that when one of these clerks fin-
ishes with a customer, the clerk
heads for the queue. If two clerks
collide on the way to the queue, one
clerk stands aside and the other goes
to the queue and fetches two cus-
tomers, gives one to his friend and
takes the other one back.

With 4000 clerks, each clerk that
actually makes it to the customer
queue is typically taking 32 or 64
customers and distributing them to
the colleagues he bumped into.

The ‘ultracomputer’ design has
4000 processors and 4000 memory
modules and a network of criss-
crossing wires and network nodes
that enables every processor to ac-
cess any memory module. But when
two processors make a request for
the same data location, those re-
quests will collide at a network node
and get coalesced into a single re-
quest. There are no delays even if all
4000 processors want access to the
same memory location, for example
when all the processors are trying to
work on the same loop. Rather than
merely accessing the loop index,
they want to increase it by one as
they process the loop body. For this
purpose the ultracomputer people in-
vented an operation called Fetch and
Add. When a request to fetch the
value of the index and increase it by
one is coalesced, it becomes a re-
quest to fetch the index and update it
by two. When the result comes
back, the value of the index goes
back to one processor and the value
of the index increased by one goes to
the other side, so that each proces-
sor gets a different value of the index.

| feel this ultracomputer design is
the best for the long range future of
parallel processing for scientific
work. Artificial intelligence, speech
processing and areas like that are
moving in a different direction. They
are thinking of parallel processing in
the sense of tree structures. And
they like this organization because it
is two dimensional and fits very nice-
ly on a chip. There is a kind of organ-
ization which is nice for a number of
artificial intelligence problems but is
not very useful for physics because
there would be a bottleneck with the
communications between all the pro-
cessors.

| have no doubt that in the years
ahead we are going to see more of
this kind of hardware and probably
all the processing frameworks | have
described.
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ere. Its effects are being amplified by
the very health and vigour of the
research, with several excellent pro-
posals for SPS fixed target experi-
ments and improvements to the pro-
ton-antiproton collider operation vy-
ing for support. LEAR is another nov-
el application of CERN's accelerator
ingenuity bringing a lively new com-
munity of users to CERN. To match
available resources, more very diffi-
cult decisions will have to be
made.

Also, since more of CERN's re-
sources are needed for the accelera-

tors, the CERN contribution to the
LEP experiments will be less than a
third of that typical for the ISR and
SPS experiments. A greater share of
the support for experiments will fall
on the home institutions. In some
ways this should be welcomed,
since there has been a tendency to
overcentralize detector develop-
ment and construction at CERN. It
does however put greater emphasis
on the need for adequate technical
and financial support in the universi-
ties and research institutes of the
Member States. ECFA will review

The members of Plenary
ECFA, which normally meets
twice a year, are chosen by
the thirteen Member States
of CERN and include a dele-
gation from CERN itself. The
meetings of Plenary ECFA
are open and are also at-
tended by observers from
the European Science Foun-
dation, the European Physical
Society and two non-Member
States: Israel and Finland.

On a smaller body, ‘Re-
stricted ECFA’, one physicist
represents each of the Mem-
ber States and one repre-
sents the CERN physicists.

It meets more frequently to
discuss the affairs of high
energy physics, to advise the
Chairman on the work of
ECFA and to prepare for the

tor General of CERN and the
Director of DESY are ex-offi-
cio members of Restricted
ECFA. Recently, Restricted
ECFA has held more of its
meetings in the Member
States and has preceded

Plenary meetings. The Direc- -

]

Constitution of ECFA

them with a discussion meet-
ing with members of the local
high energy physics commu-
nity.

The Chairman is elected
by Plenary ECFA for a three
year term, not normally re-
newable. Through the Chair-
man, ECFA has a voice on
the CERN Council; he is an
ex-officio member of the
CERN Scientific Policy Com-
mittee (SPC) and Committee
of Council, attends meetings
of the Finance Committee,
and advises the Director Gen-
eral. The Chairman has also
been invited to attend meet-
ings of the DESY Extended
Scientific Council.

Since its formation by the
IUPAP Commission for Parti-
cles and Fields in 1976, the
International Committee for
Future Accelerators (ICFA)
has had three West European
members : the CERN Director
General, the Chairman of the
CERN SPC and the Chairman
of ECFA.
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this as part of the 1984 survey.

Other current activities of ECFA
range from the use of computers and
networks to the accelerators of the
far future. A series of Working
Groups have been defining stan-
dards for a wide range of software
and hardware used in data analysis
and data acquisition. Copies of re-
ports can be obtained from the lead-,
er of the Working Groups, Egil Lille-
stol at Bergen, or from Peggy Rim-
mer at CERN. Another aspect of this
activity is a study aimed at linking the
European high energy physics
groups in a communications net-
work, HEP-NET. This Group has a
participant from each Member State;
agreement has been reached on a
number of tasks and work has
started on a file-transfer protocol
conversion which would allow file-
transfers between CERNET and the
italian, Scandinavian and UK sys-
tems. ({Information can be obtainec
from Mike Sendall at CERN.)

For the future, an energy range
thought not long ago to be a feature:
less desert is blooming with all man:
ner of exotic species and the theore:
ticians bemuse us with tales of grea
discoveries to be made beyond the
TeV horizon, where clues to a super
unification of the basic forces o
Nature might be found. Even withou
these temptations, experimenters
have to go and see. With 10 T mag
nets, a 10 TeV per beam proton
antiproton collider is an attractive
long-term possibility for the LEP tun
nel after the electron-positron pro
gramme. A ‘Desertron’, a larger rin
in the American desert, might gt
somewhat higher but it is hard 1t
contemplate the size and cost of .
proton machine of significant!
greater energy, and equally difficul
to believe that more than 1Te!
could be reached in an electron-pos
tron collider... unless a new way i
found which increases the accelerat
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Comparison of proton-antiproton (top) and
proton-proton (bottom) total cross-sections
at different collision energies {lower
horizontal axis). The points on the right
with large errors are the new results from
the SPS proton-antiproton collider, showing
that the total cross-section countinues to
rise, and extrapolates well with what is
seen at lower energies. The round data
points, centre, come from the Intersecting
Storage Rings.

CERN
Hadron horizons

An article in the May issue (page 136)
described some of the new hadron
scattering results which indicate that
at high energies there might be an
universal underlying behaviour, inde-
pendent of the quark composition of
the colliding particles.

Just over ten years ago, contro-
versy raged about the general trend
of hadron behaviour at higher ener-
gies. The dust only settled when the
first results appeared from the CERN
Intersecting Storage Rings.

Today there is less contiroversy,
but the topic has been given a new
lease of life by the ability to compare
proton-proton and proton-antipro-
ton behaviour under similar con-
ditions at the ISR, and by the new
energy range opened up at the SPS
proton-antiproton collider.

Total and elastic cross-sections
are important measurements of in-
ter-hadron affinity. The total cross-
section indicates how reactive the
particular particles are, while the
elastic cross-section describes how
the scattered particles simply
‘bounce’ off each other, without
changing their relative composition.
A systematic comparison of these
two important parameters of hadron
behaviour provides significant clues
about the underlying interaction me-
chanisms. Comparison of particle-
particle (proton-proton) and particle-
antiparticle (proton-antiproton) re-
sults is also revealing.

Over the years, the behaviour of
the proton-proton elastic and total
cross-sections has been measured
with precision at the ISR. New stu-
dies were mounted to profit from the
availability from 1981 of proton-anti-
proton collisions (see June 1981 is-
sue, page 196).
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For elastic scattering and total
cross-section measurements, these
included a CERN / Naples / Pisa /
Stony Brook group measuring total
cross-sections by the observed
reaction rate, a Louvain / Northwes-
tern team using the time-honoured
‘Roman Pot’ technique of movable
detectors to probe the extreme for-
ward scattering cones, and an Ames
/ Bologna / CERN / Dortmund / Hei-
delberg / Warsaw team working at
the Spiit Field Magnet.

These results, when taken togeth-
er, now give a good comparison of
proton-proton and proton-antipro-
ton scattering over the available ki-
nematic range.

Broadly speaking, the elastic and
total cross-sections in the two cases
appear to converge as the collision
energy is increased. The shape of the
elastic scattering spectrum is con-
ventionally described by a decreas-
ing exponential, the exponent being

related to the effective ‘size’ of th
colliding particles.

For both proton-proton and pr¢
ton-antiproton scattering, there ajf
pears to be a slight increase in th
exponential falloff at smaller momel
tum transfer. At lower energies, tt
falloff is also sharper in the proto
antiproton case, however the diffe
ence disappears as the collision e
ergy is increased.

Overall, the observed behavio
seems to be well described by tl
conventional model of ‘Regge’ e
changes, without recourse to ne
ideas, such as ‘odderons’.

When the ISR came into operati
just over ten years ago, the observ
rise of the proton-proton total cros
section was something of a surpris
Until then, it had been widely &
lieved that particle interaction rat
were levelling off at previously avi
able energies in preparation for
asymptotic limit. But the ISR show

CERN Courier, June 1¢



UAL

h Preliminary proton-antiproton elastic
scattering spectrum as measured by the

1* UA4 experiment at the CERN SPS

HI proton-antiproton collider. The observed
exponential decrease is sharper for small

s momentum transfers (between O and

I 0.2 GeV?), and then becomes less steep.

s At about 0.8 GeV?, there appears to be a

L ‘shoulder’, reminiscent of what is seen at

”g lower energies in the Intersecting Storage

* 1 Rings.
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. “shoulder’ in the elastic scattering

. spectrum. This looks like the vestige

* of one of the early discoveries at the

* ISR — a dip in the proton-proton

i scatte:‘ing spelc(tjr?f, strongly reminis-
t cent of optical diffraction.

ﬁﬁﬂfjf]tlfﬂffﬁ HJ[]L H However, even under ISR con-

ﬁ }l ﬁ | ditions its position moves with ener-

gy and the dip itself becomes less

. e L T ‘ = pronounced. This is underlined by

‘ ' ' o e ' ' the SPS proton-antiproton results,

which show that the shoulder has
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that asymptopia was still a long way
off. 100

With the advent of the SPS proton-
antiproton collider, another new en-
ergy range opened up. Proton-anti- e © 62 0eV
proton cross-section information
comes from the mighty UA1 exper- 100
iment (which measures as many
things as it can) and from the special
UA4 study (Amsterdam / CERN /
Genoa / Naples / Pisa, see Septem-
ber 1982 issue, page 27 1).

Results show that the proton-anti- 100
proton total cross-section continues
to rise, reaching about 65-70 milli-
barns, broadly in line with extrapola-
lions from lower (ISR} energies. This
seems to indicate that the cross-sec-
tion grows as fast as allowed by the
general principles of the theory.

Both experiments now report a re-
latively sharp exponential decrease
{exponent about 17) for small mo- ., -
mentum transfers (between O and ! N ¢ f/
0.2 GeV?). At larger momentum
transfers the exponent falls to about A % E?’
13.5. It is not yet evident whether A
there is an abrupt change between i
these two regions of behaviour, or 01
whether there is an identifiable trans-
ition region.

At larger momentum transfers
(about 0.8 GeV?2) there is a definite
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tern of emerging tracks, for exampile,
at the exit plane of the emulsion. It is
thus possible to scan rapidly to a ver-
tex in the emulsion and to follow the
produced particles out to the exit
plane where the superimposed pre-
dicted pattern confirms that the right
event is under investigation. This ra-
pid scan is quite fascinating because,
éas the paths of particles are traced
from their production to where they
leave the emulsion, there is a real
impression of following the event in
time as it actually happened.

A disparity between the multiplici-
ty recorded in the downstream de-
tectors and the muitiplicity seen near
the vertex is the trigger for careful
observation and measurement of the
tracks in the emulsion. Within five
minutes an experienced operator can
identify whether an event is to be
retained. Because of this, it is feasi-
ble to think of looking at over 50 000
events in a year with some ten meas-
uring systems distributed amongst
the teams in the collaboration. These
improvements in analysis techniques
have probably gained a time factor of

)several tens compared to nuclear
emulsion physics of twenty years
ago.

F.Bal, S. Tentindo and G. Vander-
haege in particular were involved in
the development of the CADIM at
CERN. There was some pioneering
work several years ago, but the re-
cent developments were triggered
by the spectacular advances by
K. Nin and his colleagues at Nagoya
University in Japan. Similar devices
are now being built in many European
Universities.

Decay of an upsilon prime by successive
photon emissions, as seen in the Argus
detector at the DESY DORIS Il ring. The
higher energy photon converted into an
electron-positron pair, giving a good fix on
the mass of the intermediate P-state
upsilon.
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DESY
Upsilons at
DORIS I

The high luminosity at the DORIS I
electron-positron ring is being used
at present to improve statistics on
decays of the upsilon prime meson.
This is a beauty quark-antiquark
bound state with no orbital angular
momentum (S-wave) at 10.016
GeV. Its decays are well suited for
study by the Crystal Ball sodium iod-
ide detector moved in from Stan-
ford.

One important search is for two
consecutive gamma rays leading
to the ground state upsilon at
9.460 GeV, when the intermediate
state is a P-wave upsilon (carrying
one unit of orbital angular momen-
tum). These states cannot be formed
directly in electron-positron colli-
sions. In fact the P-wave state

should consist of three neighbouring
levels, separated by only about
10 MeV.

To study these states, the energy
of the photons must be measured
with high accuracy. This helps to
understand the forces at work be-
tween quarks, in much the same way
that earlier this century optical spec-
tra provided valuable clues to atomic
structure.

Intercepting these S-P-S upsilon
cascades is difficult and only rela-
tively few have been reported so far.
First sightings were at the CUSB de-
tector using the CESR electron-posi-
tron ring at Cornell {(see September
1982 issue, page 274). However itis
hoped that statistics will soon permit
measurements sufficiently accurate
to satisfy at least some theoreti-
cians.

In the other interaction region at
DORISII is the Argus detector,
equipped with lead-scintillator sand-
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LEP construction work under way at CERN.
The housing for the injector linacs takes
shape near the 28 GeV proton synchrotron.

(Photo CERN 185.4.83)

Louis Rosen Prize

The Board of Directors of the
LAMPF Users Group is establishing
and supporting a new award, the
Louis Rosen Prize. This prize, con- ;
sisting of $ 1000 and a certificate, J
is to be awarded annually for the i
outstanding PhD thesis based on
AMPF research. The judging will ik
e done by the Board of Directors. Vi il 4 L et iy
Theses should be submitted to
the Users Group Office at LAMPF
by 31 August for consideration.
To be eligible, a thesis must have
been completed since the previous - :
August. Announcement of the et Ay
winner of the prize will be made ;
at the annual Users Meeting in

s o f3

it o

November. Sl e R R
i %] V
Dick Lundy (left} explains to US Energy i — -, i i N -
Secretary Donald Hodel the construction 7 -y ) > - ’ g
of a Fermilab Energy Saver/Doubler magnet. -y , h Y ot -: - - R ) ’.\;\

(Photo Fermilab)

Accelerator Summer School

This year sees the third US Nation-
al Summer School on High Energy
Particle Accelerators. It will be held
at Brookhaven National Laboratory
and the State University of New
York at Stony Brook from 6-16
July. The school aims to provide
current knowledge and build up
expertise in the area, to stimulate
accelerator education in university
physics, and to foster interaction
between particle and accelerator
physicists. Even at this late stage,
interested persons are invited to
contact the School Administrator,
Paula Hughes, Accelerator Depart-
ment, Brookhaven National Labo-
ratory, Upton, New York 11973,
USA.
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RUTHERFORD APPLETON LABORATORY

: - HIGH ENERGY PHYSICS
Five Year Fellowship in
High-Energy and Nuclear Physics RESEARCH ASSOCIATES

LAWRENCE BERKELEY LABORATORY'S Nuclear Science There are vacancies for Research Associates to
Division has a position open as Divisional Fellow for a per- work with experimental grou in high ener -
son with outstanding promise and creative ability, and with . G ? he R gh fpsd A 9 | ene E]ybphy
an interest in experimental physics pertinent to high energy, Sics. Lroups _rom the Ut_ error ppleton Labora-
nucleus-nucleus collisions. Experimental programs in this tory are working on experiments at CERN, DESY and
area are presently being carried out at LBL's Bevalac, SLAC
CERN’s ISR and SPS; in addition, LBL is currently develop- )
ing plans for a new heavy ion facility. Candidates with a i
background in either nuclear or high-energy physics are Candidates should normally be less than 28 years
welcome. The appointment will be for a term of five years P H _
with the intention of promotion to a senior staff position. O.Id' Appomt.ments are made for 3 years, with pos
_ _ , , , sible extensions of up to 2 years. RAs are based
Applicants are requested to submit a curriculum vitae , list ith h | lab h hei
of publications, statement of research interest, and the el .er at t € accelerator laboratory w ere their ex-
names of three referees to: periment is conducted, or at RAL depending on the
Nuclgt:";i'igczugi'\"ision requirements of the experiment. We have in addi-
Mail Stop 70A/3317 tion home-based programmes on development of
Lawrence Berkeley Laboratory detectors, microprocessor systems, etc. Most ex-
Berkeley, CA. 94720 periments include UK university personnel with
as early as possible, and before the closing date of i i in-
Sontori 50,198 L AWRENCE BERKELEY LABORA- Whom particularly close collaborations are main
TORY is an equal opportunity/affirmative action employer. tained.

Please write for an application form quoting VN 045

LAWRENCE io
BERKELEY . .

R ffice, R20,
LABORATORY ecruitment Office, R20

Rutherford Appleton Laboratory,
Chilton, Didcot, Oxfordshire OX11 0QX,
ENGLAND.

(  POSTDOCTORAL OPPORTUNITIES IN Advertisements in CERN COURIER

EXPERIMENTAL 2ﬁr:1dfeﬁ?sements are published in bothNIIEzr;ihslg Z:Z"}Sf:rﬁ:
1
NUCLEAR PHYSICS editions. Second language versions accepted without extra
The experimental nuclear physics group of the Los Alamos charge.

National Laboratory has postdoctoral opportunities available in
programs of current interest to the Laboratory’s Physics Divis-
lon. Basic research pr_o§r§m§ include heavy-ion collisions at low, Space | Actual size {mm)
medium and very high incident energies, low energy antipro- (page) width by height 1 3 5 10
ton-nucleus collisions, neutrino mass and oscillation measure-
ments, medium energy proton and pion scattering, neutron

Cost per insertion (Swiss Francs)

insertion | insertions | insertions | insertiol

physics, very low energy reactions of astro physical and fusion 1 185x 265 1550 1500 1450 1350

reactor interest, kaon-nucleus physics, and high pressure equa- ! 185 x 130

tion-of-state experiments. These positions offer an excellent op- /2 850 820 800 75C
tunity for cc?mmun'cation witﬁ our large theoretical ph sti)s 90x 285

portunity 1o ! & phy - g2 90x 130 480 450 430 41¢

divisions and our unsurpassed computer facilities offer superb
research opportunities.

The Los Alamos National Laboratory is operated by the Supplement for:
University of California for the Department of Energy. Our loca- — each additional colour 1500 SwF
tion in the mountains of northern New Mexico offers a pleasant — Covers:
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TRANSIFL

A leading manufacturer of advanced data acquisition systems

TRANSIAC, a major supplier of high-energy and fusion physics research equip-
ment is now represented in Switzerland by SEN Electronique, which is proud to
present these latest state-of-the-art products:

TR1024 Budget Priced

High Resolution
Multilayer
Graphics Terminal

Extra sharp 1024 x 780 pixel CRT
display

Faster graphics drawing at 1 microse
per pixel

Overlaying of multiple image or buf
fer menus and graphics with multipl
memory planes

Terminal instruction set conformin

entirely to that of Tektronix® 401
Serijes at a fraction of the cost

Utilization of Plot-10", 1SSCO°
DI-3000° programs, exactly as yo
use them now

Take advantage of TRANSIAC's proprie
tary hardware enhancements to use th
NEC 7220 Graphics Controller Chip

providing horizontal scrolling, ver
tical scrolling, zoom, etc.

ANSI Standard X3.64 VT100° compati
bility soon available

* Optional CAMAC packaging

These are several other of TRANSIAC's fine products:
2001 - 100MHz 8-bit Transient Recorder 3016 - 16-channel 16-bit DAC
2008 - 25MHz 8-bit Single Board Transi- 6001 - Microprocessor Crate Controller

ent Recorder 7001 - Semi-autonomous Data Acquisition
2010 - 20MHz 10-bit Transient Recorder Controller and Digitizer
2012 - 5MHz 12-bit Transient Recorder 7004 - 32-channel Fast Gated Integrator
2108 -~ 20MHz Signal Averager TRAQ I Data Acquisition System

SEN ELECTRONICS S.A.

Avenue Ernest-Pictet 31; Tel. (022) 44 29 40 — TiIx 23 359ch — CH-1211 GENEVE 13

OFFICES THROUGHOUT THE WORLD
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priups|  Electronic
components
and materials

Use Vacuum Photo Triodes
immune to1Tesla
multi-directional fields

Modern solenoid-enclosed detection systems with their high
operating levels of magnetic field demand a new approach to
calorimeter design.
Using the experience gained from our Vacuum Photo Diode
AV29*, we have developed a new series of Photo Triodes. These
will allow you to detect the low light levels associated, for example,
with lead glass. Triode gains of > 10 lift the signals out of the noise
of the following preamplifiers**, a requirement of Rousseau et al***
For maximum cost effectiveness, our 2'" and 3'' triodes come
in versions for axial fields (0 to 20°) and transverse fields (up to 70°).

For samples and details please contact:
Philips Electronic Components and Materials Division,
5600 MD Eindhoven, The Netherlands, Telex 35000 NLJEVEO

{
“ used in the CERN Axial Field Spectrometer where light from Nal (Tl)scintillators‘-’
is detected in a 0,3 T magnetic flux density at 70

** Rutherford Appleton Internal Report RL82-082 by R. Stephenson

*** |EEE Transactions on Nuclear Science, 1982 Nuclear Science Symposium,
Washington D.C., October 20 - 22 1982.
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Speliman’s High Power
resonant inverter outperforms
units 9 times its size

Power for X-Ray Systems d ‘ Power for
lon Implantation

¢ Indestructible in
Vacuum Arcs
¢ Lowest Stored Energy
e Up to 200KV
Up to 10KW

'typuca! * ?SKV Pulse

e 0 to 75KV in less than 5mS
» Low Capacitance Filament Supplies
. Up to 30 Kw

Power for
Lasers

e Current Driven
for Pulsed Lasers

Typical Voltage Pulse Waveform

The most important breakthrough Other Applications
in “igh W'tage Power s“pply e Kiystron and TWT Supplies ® E-Beam Systems

= e Capacitor Chargers
technology in more than 20 years P 9
Features
¢ Extremely Compact Design ® 0.01% Voltage Regulation

Speliman’s new series resonant inverter produces pure « 0.02% RMS Ripple ¢ High Frequency Operation

sinusoidal current to generate high voltage power without

the disadvantages inherent in conventional technologies. .. 0ptions
eliminating line frequency magnetic components. .. elim- ¢ Remote Voltage Programming ® Wide Range of Additional
inating vacuum tubes.. . eliminating oil. This high frequency Options ¢ |[EEE Bus interface ® Voltage and Current Test Points

approach reduces size and weight while the sinusoidal

shape of the current waveform eliminates electromagnetic
interference and provides failsafe current limiting and e man
short circuit protection. Low stored energy and 50 KHz

ripple frequency contribute to the unit’s indestructibility under H| h Voltage Electronics Cor

vacuum arcing. 7 Falrchlld Avenue. Plainview, New York 11803 (516) 349-8686 TWX: 510-221- 2155
Engineering opportunities available. Write to personnel department.
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RESOLVEZ VOS PROBLEMES DE NEUTRONS
GET YOUR NEUTRON PROBLEMS SOLVED OUT

counter 2He
compteur & He

reliable
robuste

autonomy : 30 hours with 12 V Ni-Cd accumulator
autonomie : 30 heures sur accumulateur Cd-Ni 12 V

m |cr0processor
m ICI’ODTOCGSSEU r

Systéme CEA Débit d'équivalent de dose
automatic reading CEA System Equivalent dose rate
automatique

10" 10° m-rem/h

Equivalent de dose 5
Equivalent dose 0 — 10° m-rem \

Réalisations Publicitaires Industrielles

9 (6 5 kg) Temps de cumul

Timing 0-10h

nardEu x Agence Commerciale : Z.A. de Courtabeeuf - Av. d'Islande EVOLIC 4 - 91940 LES ULIS
Commercial Branch : Tél. (6) 928.69.46 - Télex : 691 259 F

FLOWMETERS

if you need

Bellows valves

Calibrated and non-
calibrated instruments for
liquids and gas

type 1100
Available from our stock
in Zurich

HeranS lenses, irs,

Quartz giass cuvettes, hatches,
disks, prisms,
rods, tubes

Triple prism in isotopic and homogeneous
SUPRASIL quality, deposited on the moon in
a retro-reflector-system as part of the
Apollo program.

Please contact:

; : A — =
Ask for further information b tt.l
mibattig

Alfred Battig AG

Oe:li:(og;argt{ E,’ISZS 2(8) CH-8400 Winterthur/Switzerland
el. 8/057 2040 Phone: 052/25 27 69 Telex: 76617 valve ch
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Now, for the first time,
high energy resolution from
PIN silicon photocells.

The new 51723 PIN silicon photocell pro- occupies a small fraction of the space, and
vides the low junction capacitance and high  costs about half as much when used with
shunt resistance needed for high speed today’s solid state amplifiers.

response and iow noise. Its large, sensitive Applications include scintillation detec-
surface area (100mm?) is ideal for use with tion in the fields of High Energy Physics,
BGO and other scintillation crystals. This Medical Diagnostics and industrial instru-
detector is less than 3mm thick compared mentation. Hamamatsu engineers will
with 60mm or more for PMT’s, yet has a modify the S1723 or other detectors to
100mm? sensitive area. Thus, the S1723 meet your needs.

Call or write for product bulletin and prices.

HAMAMATSU

HAMAMATSU CORPORATION + 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 + PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.
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Instrument de mesure
d'éclairement corrigé
& photoélément
librément orientable.
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TEEHNOLOGY
Components and
Engineering
¢ Monopulse Comparators
¢ Pressurization Systems
¢ Microwave Absorbers
¢ Coax and Waveguide
e Waveguide Switches
* Open Wire Switches
* Coax Breakaways
¢ Coaxial Switches
¢ Phase Shifters
¢ Stub Tuners
e DC Breaks
¢ Combiners
e RF Loads

Contact Dielectric for all your
RF needs from mW to MW.

DIELECTRIC COVIMUNICATIONS

A UNIT OF GENERAL SIGNAL
Tower Hill Road ¢ Raymond, Maine 04071
Tel.: (207) 655-4555 < 800-341-9678
TWX: 710-229-6890

CERN Courier, June 1983

Analog light-guide transmission

Rated and actual values (2 channels); Resolution
and stability 1 x 10-4; Option 5 x 10-%; V24 inter-
section.

A/D converter offset: type 10 uV; Transmission:
serial, 9600 baud; Analog limit frequency:
1-channel 8 Hz, 2-channel 4 Hz.

Constant-output power supply units
" E.g.:0-3kVdc.,0-200mA,0-100W;
Stability 1 x 10-4.
H.v. capacitor chargers
for sawtooth operation up to 100 kV. Power up
to 20,000 Joules/s; Charging rate up to 200 Hz.
Cassette power supply units
18 types, 100 V to 30 kV.
Output power 30 and 60 W.
Stability and ripple 10-3, Option 10-5.
Plug-in modules
30 and 60 W up to 30 kV; Stability 1 x 10-3.

H.v. plug connectors
Coaxial up to 300 kV d.c. with cable.

Happinger Str.71
HE'NZ'NEE 8200Rosenheim
_ Tel:08031/6 41 41
Regel-und MeBtechnik  Telex.0525777
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Costruzionl Apparecchiature Elettroniche Nucleari s.r.l.
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Gas Mixtures Unlimited

In theory, it is possible to combine 150
individual gases to produce 11,175 two-
component mixtures and over half a mil-
lion three-component mixtures. What’s
more, there is virtually no limit to the
possible number of variations in the con-
centration of each component.

In practice, this means you can ask
Messer Griesheim for any gas mixture
you want, in precisely the quality you
need. And get it fast.

However specialised and demanding
your application - in science, education,
industry or research — you can depend
on the guaranteed composition of the
gas mixture you have ordered.

Messer Griesheim* high purity gases
and gas mixtures are supplied in handy
pressure cans and in steel cylinders with
specially treated linings to preserve the
stability of their valuable contents.

If you need a delivery, try us. if you
need advice, ask us. Whatever the case,
we’'ll step on the gas.

-
-
hid
*

v
.y
%

i ]
~

PrRugp R 3§

* Represented in Switzerland by
Schweisstechnik AG
Langwiesenstrasse 12,

8108 Dallikon/Zurich

Telephone 01/8 44 27 11

Gases + Cryogenics
Messer Griesheim

2.8009 e

Industriegase
Homberger Strasse 12 - D-4000 Dusseldorf 1
Telephone 0211/4 3031 - Telex 85849793 mgd d

- a member of the Hoechst group
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with measurement
without technology
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