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Nobel Prize 1982

The most prestigious award in phys-
ics goes this year to Kenneth G. Wil-
son, the James A. Weeks Professor
of Physical Science at Cornell Univer-
sity, Ithaca, New York. The prize is
made nominally in recognition of his
work in the study of critical phenom-
ena and phase transitions, but the
techniques used in this work have
shown their worth in many other
fields, including elementary parti-
cles.

In addition to this work, Wilson
has made numerous other contribu-
tions to particle physics. These in-
clude the development of techniques
for analysing the behaviour of nu-
cleons when probed deeply in violent
collisions, and in preparing the way
for the formulation of gauge theory
on alattice, an attempt to formulate a
theory of inter-quark forces which
breaks loose from the traditional
straitjacket of perturbation theory.

The Nobel award recognizes Wil-
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son’s major contributions in the ex-
ploitation of the so-called ‘renormal-
ization’ group approach.

Physics frequently uses different
pictures to explain phenomena tak-
ing place on vastly different scales.
In seeking to understand ocean cur-
rents or meteorology there is little
point in starting from the basic inter-
action between neighbouring mole-
cules in a fluid. On the other hand the
study of molecular dynamics takes
little account of whether the mole-
cules are confined in a test-tube or
the Pacific Ocean.

However there are some phenom-
ena which are by nature not local. For
example when a fluid boils, it sud-
denly develops density fluctuations
over its whole volume, notjustin one
isolated spot. This is characteristic
of all critical phenomena (changes of
state), and any theory must handle
the required scaling in a natural
way.

Cornell’s physics faculty toast the
announcement of the award of the 1982
Nobel Physics Prize to Kenneth Wilson.

(Photo Cornell)

Renormalization was introduced
into physics with the modern formu-
lation of quantum electrodynamics,
where troublesome infinities kept
cropping up in the calculations. In
renormalization, these infinities are
removed according to a well-defined
prescription.

Such prescriptions are not unique.
While quantum electrodynamics has
its conventional renormalization, in
principle there is an infinity of possi-
bilities, each with its own set of para-
meters. Each possibility is equally
valid, and produces the same final
predictions — the theory is renormal-
ization invariant.

Like the operations behind many
other invariances in physics (transla-
tion, rotation), these renormaliza-
tions can be expressed in terms of
repeated operations, described by
the mathematical apparatus of group
theory.

The groundwork for the renormal-
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Behind the prize

Kenneth Wilson was born in
1936 in Waltham Massachu-
‘setts, was educated at
Harvard, and obtained his
doctorate at the California
Institute of Technology,
where he was a student of
Murray Gell-Mann. He came
to Cornell in 1963, became
professor in 1970, and suc-
ceeded to the James A.
Weeks Chair in 1974. Among
his other awards are the Hei-
nemann Prize, the Boltzmann
Medal and the Wolf Prize.
He has to his credit a mile
run in 4 minutes 17 seconds.
He is the third Cornell high
energy theorist to win the
coveted Nobel award. Hans
Bethe won it in 1967 for
work on energy production
in stars, and Richard Feyn-
man, now at Caltech, re-
ceived the accolade in 1965
for his contributions to quan-
tum electrodynamics.

ization group was laid in 1953 by
Stueckelberg and Peterman and its
relevance for condensed matter
physics was suggested by Leo
Kadanoff.

The group provides a natural
framework for handling a wide vari-
ety of physical problems involving a
change of state, butinitselfitis nota
theory. Itis rare for the Nobel physics
prize to be so intimately linked with a
mathematical technique, and the at-
tribution of the prize is also some-
thing of an accolade for the
renormalization group.

Wilson committed himself to the
method and exploited it with great
success. One notable spinoff
(among many others) was the expla-
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nation for the ‘'Kondo Effect’, which
had remained one of physics’ mys-
teries for some 40 years.

If a nonmagnetic metal is contami-
nated by a small percentage of mag-
netic material, simple theories pre-
dict how the magnetic susceptibility
could decrease with temperature.
However in practice it is found that
the susceptibility behaves in another
way, which now can be under-
stood.

Most of this side of Wilson's work
has found applications in the fields of
solid state and condensed matter
physics. But it is a striking illustration
of the breadth of the man’'s intellect
that he is nevertheless on the payroll
of Cornell’'s Laboratory of Nuclear
Studies. He is one of the rare exam-
ples of a modern theoretician who
has not been content with narrow
specialization and has mastered vast
areas of physics.

‘The search

The European Committee for Future
Accelerators, ECFA, organized a
Conference from 27-30 September
under the title ‘The Challenge of
Ultra-high Energies’. The aims were
to discuss possible new acceleration
techniques and, if possible, to help
identify the most promising and en-
courage furthef research on them.
Appropriately enough this search for
the new took place in the dignified
setting of New College Oxford. The
fact that New College is many cen-
turies old should have helped put
things in perspective.

Abdus Salam set the scale in his
opening talk when he called for
centre-of-mass energies of 100
TeV. Far from accepting the predic-
tions that beyond the next range of
energies which will become available
to particle physicists, we are heading
into a physics desert at still higher
energies, he maintained that we
could find a physics jungle. The prob-
lem is therefore to find the best tools
to hack through such a jungle.

The present techniques used in ac-
celerators and storage rings have
served magnificently and with in-
creasing efficiency over the past fifty
years. Gus Voss pointed out, in re-
viewing their limitations, that from
the technical point of view they could
continue to be built to the extent of a
storage ring circling the Earth. The
problem is fiscal not technical; we
must find new acceleration tech-
niques which will make it possible to
reduce costs.

Several things are clear — we must
have colliding beams for these high
energies; superconducting magnets
are unlikely to be the economic
route; at 100 TeV, we must have
linear colliding beams for electron-
positron collisions (the cross-over
point for economic advantage over a
ring is now pitched around 160 GeV
per beam); and linac costs and size
must be pushed down, particularly
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for new

accelerator techniques

New College, Oxford, established in the
fourteenth century. A dignified and not
entirely inappropriate setting for the recent
conference on achieving ultra-high energies.
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by achieving higher acceleration gra-
dients. Maury Tigner proposed that
another couple of restraints should
be fed into the equations — we
should aim to achieve 10°% to 10* eV
per dollar, we should have an effi-
ciency of 10 per cent in converting
power ‘from the wall plug” into pow-
er in the beam since it would be diffi-
cult to have access to much above
100 MW from the grid. To do all
these things, the constant theme
throughout the Conference was the
achievement of high accelerating
gradients.

Collective  accelerators, intro-
duced by Andy Sessler, were the
first to be considered. They make
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use of the electric and magnetic
fields associated with one set of
charged particles to achieve the ac-
celeration and focussing of the de-
sired particles. Probably the most
famous variant is the electron ring
accelerator, discussed by U. Schu-
macher, where positive particles are
held in rings of electrons. The rings
are accelerated at field gradients
more gentle than those needed to
shake the positive particles loose
and the effective accelerating gra-
dient for the positive particles is pro-
portional to the ratio of the particle
masses. After fifteen years of devel-
opment, this concept has been
shown to work, but it is expensive

Photo-eng raved GyEmenyWalker

and inappropriate for high energies.
It may find use only for low energy
heavy ions.

Other ‘collective’ concepts were
discussed, including a proposal from
F. Winterberger called the ‘superac-
celerator’, which uses an accelerat-
ing principle rather like the effect
which results in toothpaste finishing
up on the other side of the bathroom
when the tube is squeezed hard. But
the talks which really brought partici-
pants to the edge of their seats were
those on plasma beat-wave acceler-’
ation by T. Tajima, C. Joshi and D.
Sullivan.

The essential idea is to use the
interference between two laser
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John Lawson, one of the father-figures of
accelerator technology, gave a talk entitled
‘The physics of particle accelerators” at the
recent conference on ‘The Challenge of
Ultra-High Energies’, organized at Oxford.

beams of different frequencies fired
into a plasma to ‘organize’ the plas-
ma in such a way that it would con-
front an incoming particle with ex-
tremely high accelerating fields. The
two beam requirement is necessary
to generate beat waves travelling
through the plasma at particle veloci-
ties rather than the speed of light.
The two beams bunch the plasma so
that there are successive zones of
high positive charge and high nega-
tive charge. The theoretical sums in-
dicate accelerating fields of several
GeV per m.

The talks communicated the first
experimental evidence from work at
the University of California, Los An-
geles, that plasmas were in fact lock-
ing beat waves into place and creat-
ing the different charged particle
density zones. A multiline carbon di-
oxide laser of only about 10" W per
cm? excited electron density fluctua-
tions resonantly over a 2 cm length
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for 25 ns, Raman scattering was also
demonstrated, producing relativistic
electrons in the direction of the laser
beam. These are absurdly early days
to get excited about these possibili-
ties, but, perhaps more than any
other topic at the Conference, this
scheme seems to be one which mer-
its investment in research because it
has the accelerating gradients we
dream about.

The very high electric fields in laser
beams themselves are a lure to new
acceleration techniques. Unfortu-
nately it is not easy to ensure that a
charged particle beam is able to use
these fields. Routes covered by Clau-
dio Pellegrini were the inverse free
electron laser and Cherenkov accel-
eration. Firing a laser along the direc-
tion of charged particle acceleration
doesn’t help because desired electric
field is perpendicular to the direction
of motion. However if we bend the
particle trajectories in an undulator,
they see a component of the electric
field of the laser beam and accelerat-
ing gradients of some 500 MeV per
m can be imagined. Unfortunately at
the higher energies, the need to bend
the particle trajectories reduces the
acceleration rate because of syn-
chrotron radiation losses. Concep-
tual designs up to 300 GeV have
been done using a free electron laser
as the source of laser light, but it is
difficult at the moment to see a use
for the technique at higher energies.
However experiments in several
centres have shown that the princi-
ple works, which is more than can be
said for many of the other concepts
presented at the Conference.

Inverse Cherenkov acceleration
might provide similar gradients, by
ensuring that the laser beam inter-
sects the charged particle beam in a
gas at the Cherenkov angle and
transfer energy. For example in hy-
drogen at 1 atmosphere pressure,
the Cherenkov angle is 17 mrad and

the calculated accelerating gradient
is around 500 MeV/m. An experi-
ment at Stanford accelerated elec-
trons of 50 MeV over 7 cm giving an
energy increase of 200 keV.

Bob Palmer discussed how to
shape the laser beam appropriately
using grating structures. In principle,
accelerating waves can be set up by
illuminating the grating at an angle by
two laser beams. Theoretically, a
very high accelerating gradient can
be achieved (10 GeV/m). Exotic
ideas on how to extend grating life-
times include coating them with ice
and shunting them progressively
through the beam region. The laser
specialists, however, doubt whether
any treatment will be effective. The
required laser power is beyond what
is presently available and exper-
imental support is as yet lacking.

Moving away from lasers, another
concept, which appeared in several
variants, was what might be termed
the ‘two beam transformer’. Take a
high current, low energy beam and
somehow transform the power
which is stored in this beam to give
high energy to a low (but still imply-
ing adequate luminosity) current
beam. Previously, Andy Sessler had
described such a scheme (at the Los
Alamos Workshop earlier this year,
see May issue, page 142) with an
undulator driver coupled to the accel-
erating structure, which he feels is
not too great a leap from existing
technology.

A.N. Skrinsky talked about a ‘pro-
ton klystron” in which the enormous
stored energy of today’s highest en-
ergy proton beams would be passed
through a structure to excite it for the
subsequent acceleration of other
particles. Gradients of over 100
MeV/m could be feasible and many
types of particles could be acceler-
ated. There are not however too
many 400 GeV proton synchrotrons
lying around with nothing to do,
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waiting to be used as a klystron.
One of the most interesting talks
was from Tom Weiland on a two-
beam scheme developed together
with Gus Voss and called a wake
field accelerator. It involves an in-
tense ring of electrons accelerated in
an outer aperture surrounding a cen-
tral tube where the desired beam is
to pass. Fields generated by the pas-
sage of the ring percolate through
slots and create high accelerating
gradients at the central tube (which
can be envisaged to go as high as
600 MeV/m). Also the reflected
wave could be used to accelerate
particles of the opposite charge.

The Conference brought together
physicists from the fields of lasers
and plasmas as well as the large con-
tingent of accelerator specialists. It
seems likely that a much closer inter-
mingling of these different disci-

plines will be needed en route to new
acceleration techniques.

How to move ahead was the sub-
ject of an evening discussion. With
the big high energy physics Labo-
ratories feeling financial pressures
and obsessed with the requirements
of their immediate projects, it is not
easy to envisage the liberation of
money and manpower to pursue
‘way-out’ ideas for the distant fu-
ture. But some investment will be
necessary in the big Laboratories to
take advantage of their broad tech-
nological support. This sort of sup-
port is not available at most universi-
ties.

When considering the length of
time which would be needed to sift
through the different possibilities
and, hopefully, to push one or two of
them to the point of practical use, the
distant future may not be all that
distant. Dennis Keefe pointed out

that it has taken some fifteen years
to demonstrate the abilities and limi-
tations of the electron ring accelera-
tor concept. Some of the exotic
ideas presented at the Conference
could require much longer investiga-
tion.

Above all it is necessary to encou-
rage young physicists to work on
these challenging problems. It was
rather strange that new acceleration
techniques were being discussed by
an audience of experts whose aver-
age age was probably over fifty, and
it was probably no coincidence that
the liveliest papers were given by the
youngest participants. There is much
to be done, there is probably some
beautiful physics and engineering to
be encountered and there is the goal
of making it possible in the next cen-
tury to continue the adventure of un-
derstanding the nature of matter.

25 years of Nordita

This year the Nordic Institute for The-
oretical Atomic Physics — Nordita —
in Copenhagen celebrated the twen-
ty-fifth anniversary of its founding.
The institute reflects a great scien-
tific tradition, and continues to pro-
vide an important focus of research
for physicists from the Nordic
countries.

Nordita owes its existence to a his-
tory of close collaboration among
Nordic physicists. As a result of the
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Nordita — the Nordic Institute for
Theoretical Atomic Physics — this year
celebrates its twenty-fifth anniversary. Its
Copenhagen premises (left) are adjacent
to the Niels Bohr Institute.

(Photo C. Hansen)




One of Nordita’s earliest Directorate
meetings : seated from left to right,

J. Holtsmark, |. Waller, G. Funke,

S. Rosseland, H. Wergeland and N. Bohr :
standing, O. Klein, A. Bohr, J. Lindhard,

E. Hylleraas, J. Beggild, L. Nielsen, C. Mgller,
S. Rozental and P. Jauho.

; f“,

influence of Niels Bohr in his epoch-
making studies on atomic physics in
the 1920s and 1930s, the Institute
for Theoretical Physics of Copenha-
gen University (later to become the
Niels Bohr Institute) had a strong
Nordic flavour from its inception in
1921.

After the upheavals of the Second
World War, a high priority was given
toinvestmentin the natural sciences.
Among the Nordic countries, there
was a strong desire to develop the
tradition of cooperation in atomic
physics and the peaceful uses of
atomic energy. In 1945, Sweden of-
fered to subsidize the establishment
of an international institute for theo-
retical and applied nuclear physics,
which it wished Niels Bohr to lead.
Despite its appeal, this project could
not be realized due to strict secrecy
surrounding information on atomic
energy.

During the immediate postwar
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years, the idea of a Nordic institute
for theoretical physics was much
discussed. The development of
these ideas went hand in hand with
the establishment of CERN. An early
proposal by H.A. Kramers in the Ne-
therlands that CERN be located at
Copenhagen, and the offer of a site
by the Danish authorities, received
strong support from Norway and
Sweden. When the final choice of
Geneva was made, the Nordic repre-
sentatives at CERN — Torsten Gus-
tafson and Egil Hylleraas — ap-
proached Bohr with a proposal to go
ahead with the plans for a Nordic the-
oretical institute.

The negotiations which were to
lead to the establishment of Nordita
began at a meeting early in 1953 at
Goteborg in Sweden, at which a
committee was set up comprising
Bohr, Gustafson, Hylleraas and S.
Rozental. Soon this committee was
able to present a proposal containing

the guidelines for the future estab-
lishment of Nordita. Although initially
only Denmark, Norway and Sweden
took part in the negotiations, there
were high hopes that Finland and Ice-
land would collaborate.

The proposal was well received in
Denmark and Sweden, but despite
strong support from Norwegian the-
oreticians, the situation in Norway
was complicated because of the in-
terests of atomic energy.

During the establishment of CERN,
it was decided provisionally to set up
the CERN theory group in Copen-
hagen for five years (1952-57).
Further decisions on the Nordic Insti-
tute were postponed until plans were
clearer on the CERN theory front.

Each year the CERN Member
States selected a young theoretician
to participate in the group under Niels
Bohr and which included Christian
Mgller, Aage Bohr, Gunnar Kallén,
Ben Mottelson and Stefan Rozental.
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During this time, the Copenhagen in-
stitute, together with the new theory
group, functioned as an international
centre, attracting eminent scientists
from all over the world.

The transfer of the CERN theory
group to Geneva in 1955 coincided
with a significant effort by Nordic
statesmen. It was clear that there
was broad agreement for the idea of
a Nordic Institute for Theoretical
Atomic Physics. In November a
meeting in Stockholm gave addition-
al strong support to the proposal for
a Copenhagen centre, and Finland
also added its support. Early the fol-
lowing year, it was agreed that the
establishment of Nordita be recom-
mended to the research councils of
the Nordic countries. In the meetings
of the Nordic Council’s economic
committee, the proposal received
strong backing, although Norway at
first appeared to be hesitant. How-
ever after further discussions, and
after the valuable intervention of
Swedish Prime Minister Tage Erlan-
der, the Norwegian Government lent
its support. At a meeting of the Nor-
dic Council in Helsinki in February
1957, the Nordic Council agreed to
the establishment of Nordita, togeth-
er with a liaison body for atomic en-
ergy affairs.

At its first meeting on 25 June
1957, the Nordita directorate el-
ected Niels Bohr as Chairman and
Torsten Gustafson as deputy. Deci-
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sions an staffing were taken, and the
Institute beganits work on 1 October
1957.

Initially, Nordita's interests cov-
ered a broad field of modern physics,
with special emphasis on nuclear and
particle physics and the theory of
relativity. In 1966, a Finnish proposal
to extend Nordita's research into sol-
id state physics found strong sup-
port. This has now become one of
the main research areas. In more re-
cent years there has been a promis-
ing build-up of activity in astrophy-
sics.

Nordita functions as a research
centre, a meeting place and stimulus
for Nordic cooperation in theoretical
physics, and as an educational insti-
tution providing fellowship opportu-
nities for younger theoretical physi-
cists from the Nordic area. Through
its staff and visitor programme,
which is carried out in cooperation
with the Niels Bohr Institute, Nordita
plays a part in maintaining contact
between physicists in the Nordic
areas and the broader international
community.

Before Nordita. This 1931 photograph,
taken in the auditorium of the Copenhagen
Institute for Theoretical Physics at one of
its annual congresses, shows in the front
row from the left: O. Klein, N. Bohr, '
W. Heisenberg, W. Pauli, G. Gamow,

L. Landau and H. A. Kramers.

Around the
Laboratories

DESY
Status report

During 1982 several major changes
and improvements were made in
both the accelerators and the exper-
imental installations at DESY. The
rebuilt DORIS-Il electron-positron
storage ring came into action (see
September issue, page 275) and the
Crystal Ball detector arrived from the
US (see June issue, page 191). This
detector is now installed in one of
the two experimental regions of the
DORIS-II ring.

In the meantime the second inter-
action region of DORIS-II has been
occupied by the new ARGUS device
(see December 1981 issue, page
447). This was moved into the beam
on 6 September and was able to
record events just a few weeks
later.

The Crystal Ball detector has al-
ready been taking data for some
time. As a first task the upsilon re-
sonance was remeasured. In one run
of nine days in August, a few thou-
sand hadronic events were recorded
in the upsilon region. The integrated
luminosity was about 600 inverse
nanobarns. Using this data, the mass
of the upsilon was found very near
the value determined by the Novosi-
birsk group in an absolute precision
measurement (see October issue,
page 325). The Crystal Ball value is
based on beam energy data from the
machine group (no depolarization
measurements for an absolute cali-
bration are yet available).

At present ARGUS and Crystal Ball
are running at DORIS-Il energies
around the upsilon (9.45 GeV), be-
fore starting work at the somewhat
higher energies now available. The
peak energy is now 5.6 GeV per
beam. The mean luminosity over lon-
ger periods of time is continuously
improving. There were initially some
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Current line-up of detectors in the machines
at DESY. The 60 r.f. accelerating cavities
are now distributed symetrically in the
PETRA ring, and the power supply has
been boosted.

problems due to the vacuum system,
and the mean luminosity was not
reaching the expected values. Four
acceleration cavities had to be ex- JM"
changed due to chemical effects on

their walls. However the other excel-
lent properties of the machine were
not affected. A particular advantage
of DORIS-Il is the short time required
now for the injection of both elec-
trons and positrons.

The DORIS-II ring is also being
used for experiments with synchro-
tron radiation. About one third of the | W
running time is devoted to this task.
The specialized HASYLAB laborato-
ry now has 22 fully installed irradia-
tion facilities in its big hall. In addi-
tion, five installations of the Euro-
pean Molecular Biology Laboratory
and one beamline providing radiation MMM J
to the bunker of the Frauenhofer Ge-
sellschaft continue to be available.
The latter is mainly used for the in-
vestigation of X-ray lithography. S

At the PETRA storage ring several
important modifications were car-
ried out this summer. The major im-
provement to the machine consisted
of doubling the power supplied to the
accelerating cavities. The 60 PETRA
cavities are now symmetrically di-
stributed, and are powered by
8 transmitters, each of them provid-
ing 1 Megawatt, produced in two
klystrons. This now provides 1.4
times the voltage previously availa-
ble to accelerate particles. The final
effect should be an increase of the
peak energy of the beam of about ten
per cent. PETRA will then surpass 20
GeV per beam. However tests have
been delayed due to a failure in the
external power supply network.
Tests at lower energies have shown

RF

14 CAVITIES

g new RF

16 CAVITIES

ETd

AGGELERATORS
EXPERIMENTS
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RF

S

The ARGUS group on the roof of their
control room, after celebrating the
positioning of their detector in the DORIS-II
ring, seen in the background.

(Photo DESY)
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A hadronic event as seen by the Crystal
Ball detector, newly installed in the DORIS-II
ring at DESY. Each triangle represents one
of the sodium iodide counters in the
spherical detector.

that there are no intrinsic problems. It
was also possible to try out four of
the new seven-cell cavities which
provide improved acceleration capa-
bilities compared with the five-cell
ones used at present. The four sev-
en-cell units were left in place and
form part of the total complement of
60 cavities.

The superconducting cavity built
at the Kernforschungszentrum Karls-
ruhe (KfK) was tested earlier this year
in Hall W at PETRA (see June issue,
page 176). These tests were very
successful and have been com-
pleted (see page 415). The cavity is
back in Karlsruhe. In PETRA’s Hall E,
new tests of superconducting cavi-
ties in collaboration with CERN are
now being prepared. A five-cell cav-
ity from CERN, operated at 500 MHz,
should be installed in January.

The absolute energy of the PETRA
beam and other important parame-
ters can now be measured using the
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beam depolarization method. The
degree of polarization (in general 60
to 70 per cent) is measured using
recoil photons from laser light. The
depolarizing resonance is found with
the help of small radial magnetic field
oscillations produced with the mag-
nets of the PETRA feedback sys-
tem.

During PETRA’'s summer shut-
down, the PLUTO detector was re-
moved from the NE interaction re-
gion and the big CELLO detector was
moved in again. During the PLUTO
run (which began in September
1981) the CELLO detector was im-
proved in several ways. The granu-
larity of its big lead liquid argon
shower counter (electromagnetic ca-
lorimeter) was increased by 50 per
cent by conveniently rearranging its
cells. A beam pipe counter was ad-
ded. It consists of two layers of drift
tubes and provides precise vertex
reconstruction and better momen-

tum resolution. In addition, the for-
ward and backward spectrometers
were adjusted to the requirements of
PETRA’s minibeta quadrupoles and
to the absence of solenoid compen-
sation coils.

As approved by the DESY Physics
Research Committee in its Septem-
ber session, CELLO will now remain
in place at least up to the end of
1984.PLUTO, which has been active
at the DORIS and PETRA machines
since 1974, will be used to test (with
cosmic rays) a newly developed drift
chamber system. The last runs at
PETRA were very successful and the
PLUTO group is now busy analysing
the collected data, in particular the
reactions produced in photon-pho-
ton collisions. PLUTO had been pre-
pared for these investigations with
the addition of two magnetic spec-
trometers in the forward and back-
ward regions.

Between January and August
1982, each of the four PETRA inter-
action regions received a total inte-
grated luminosity of 51 inverse pico-
barns. About 75 to 80 per cent of
this was finally used by the JADE,
MARK-J, PLUTO and TASSO exper-
iments.

The TASSO apparatus (Hall SE)
was improved this year. Forward
and backward spectrometers and a
vertex detector were added. The
vertex detector includes eight layers
of drift chambers and is integrated
with a new beryllium vacuum pipe.

No major hardware changes were
made at the two remaining detectors
JADE and MARK-J. Already at be-
ginning of this year, MARK-J had its
drift chamber tubes extended down

"to about 10 degrees to the beam,

therefore improving the coverage of
solid angle.

The four PETRA interaction re-
gions are equipped with minibeta
quadrupoles. Space for these qua-
drupoles was made available by
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eliminating the solenoid compensa-
tion coils. The required compensa-
tion of the solenoid fields of the de-
tectors is done between CELLO,
JADE and TASSO by an appropriate
orientation and adjustment of the
fields (see July/August 1981 issue,
page 237). In fact CELLO has a field
twice that of JADE and TASSO. All
three fields are oriented in the same
sense, as seen by a beam particle
orbiting around the ring. At DORIS-II,
the field of the ARGUS solenoid had
to be compensated locally, since
there is no field on the opposite side
at the Crystal Ball.

At present, in addition to the data-
taking by the six big high energy
groups (ARGUS, CELLO, Crystal Ball,
JADE, MARK-J and TASSO) and to
the HASYLAB investigations with
synchrotron radiation, there is in-
creasing activity at DESY to prepare
hardware for the proposed HERA
machine. Superconducting proto-
type magnets are being tested, a
400 Watt liquid helium cryosystem
installed and several study groups
are looking at details of the project.

CERN
Twilight of the ISR

The lifetime of the Intersecting Stor-
age Rings at CERN is being curtailed
in order to liberate money, manpow-
er and space for the construction of
the LEP electron-positron ring. How-
ever the ISR is in the midst of an
active experimental programme and
in a special meeting on 20 Septem-
ber, physicists met to discuss how
to make best use of the remaining
time available on this unique ma-
chine.

It took a decade of detector im-
provements at the ISR to go from the
first evidence for anomalously high
yields of secondary particles from
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violent (high transverse momentum)
collisions to the clear clustering of
hadrons seen this year in calorimeter

experiments (see October issue,
page 327). These clusters (‘jets’)
have also been seen at the SPS pro-
ton-antiproton collider.

The SPS collider probes a much
higher energy, but the ISR has other
attractions. Its luminosity (collision
rate) is much higher. It can cover a
range of collision energies. And the
measurable momentum fraction car-
ried by the produced hadrons is high-
er than that at the SPS collider. The
ISR and the SPS collider therefore
cover different, and very much com-
plementary, kinematical regions.

According to our present knowl-
edge of quark and gluon distributions
inside nucleons, gluons dominate at
lower momentum fractions. This
means that the SPS is predominantly
a gluon-gluon collider, while the ISR
can probe quark-quark scattering.

The detection system at Intersection 8 of
the CERN Intersecting Storage Rings, with
its walls of uranium/scintillator hadron
calorimeter, a good example of the
sophisticated instrumentation now available
at the ISR.

(Photo CERN 221.7.82)

The ISR also enables identical de-
tectors to make a direct comparison
of proton-proton and proton-anti-
proton interactions. This is an acid
test of quark behaviour and could
throw considerable light on the
nature of the fundamental interac-
tions. The antiproton runs with the
ISR so far have really only scraped
the surface of some rich physics.

Now that clear jets have been
seen, the existing detectors at the
ISR can envisage a full programme of
jet investigations. Systematic study
of these jets provides a good testing
ground for quark/gluon (strong inter-
action) theory, and the ISR will con-
tinue to provide useful information
right up to the minute it is switched
off.

The ISR has had a monopoly of
direct photon physics, which investi-
gates the electromagnetic radiation
(photons) coming from excitation of
the (electrically charged) quarks. The

CERN Courier, December 1982



Two views of the charged particle momenta
produced in an event at the Axial Field
Spectrometer at the CERN Intersecting
Storage Rings carrying large transverse
energy. Such clean jet-like events dominate
the sample with more than 12 GeV of
transverse energy deposited in oné quadrant
of the calorimeter.
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study of the accompanying hadrons
provides important information.
Comparison of photon production in
proton-proton and proton-antipro-
ton collisions is especially interest-
ing.

The ISR demonstrated the appar-
ent rapid increase in the production
of heavy flavours at higher energies,
and the new detector configurations
now available will be able to extend
this study. The big rise in charm pro-
duction from fixed target to ISR ener-
gies was at first a mystery, but satis-
factory explanations can now be
proposed as the underlying mechan-
isms are further studied. However a
lot of work remains to be done and a
search for beauty could still pay divi-
dends.

As well as handling protons and
antiprotons, the ISR can also handle
heavier particles, and in 1980 a short
run was made with colliding beams
of alpha particles. This gave some
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interesting results (see May 1981
issue, page 163) and further studies
could follow up this pioneer work.
These ion collisions could give clues
to the much sought-after quark/
gluon plasma.

In addition to the programme with
colliding beams, a gas jet target is
being prepared at Intersection 7 for
use with a coasting antiproton beam
in one ring. This would allow a sys-
tematic study of charmonium states
and is scheduled as the final curtain
to ISR physics.

At the meeting on 20 September,
Harald Fritzsch drew an analogy. He
reminded the audience of the rich-
ness of the Testament Mathémati-
que of Evariste Galois, frantically
written during the night which pre-
ceded his untimely death in a duel.
How much more would we have
learnt from Galois’ fertile mind if he
had been given another night?

Looking for neutrino
oscillations

Three experiments are being pre-
pared for data-taking next vyear
which will use a new low energy neu-
trino beam from the 28 GeV Proton
Synchrotron _(PS). The rich pro-
gramme of neutrino physics using
the intense beams from the 400 GeV
SPS proton synchrotron has been
under way since the commissioning
of the SPS in 1976 and has now
amassed a wealth of information.

But in the bizarre world of the neu-
trino, high energy is not the only way
to discover new behaviour. Recently
there has been renewed speculation
on whether the neutrino, long
thought to be a massless particle, in
fact has a small residual mass. In
addition, the different types of neu-
trino encountered in nature (electron
and muon types are common and a
third tau type is also expected to
exist) might notin fact be immutable.
Oscillations between different neu-
trino states could be possible, analo-
gous in certain respects to what hap-
pens with the neutral kaons.

To explore these possibilities
further, a new low energy neutrino
beam is to be provided by the
PS. Modules from the CERN/Dort-
mund/Heidelberg/Saclay (WA 1) and
CERN / Hamburg / Amsterdam /
Rome / Moscow (CHARM) neutrino
counter experiments in the West Ex-
perimental Area of the SPS are being
set up immediately after the decay
tunnel of the neutrino beam, about
150 m from the target. Data re-
corded in these upstream detectors
will be compared with that from the
larger detectors downstream. The
PS neutrino beam will also pass
through the BEBC bubble chamber,
where an Athens / Padua / Pisa /
Wisconsin group will carry out an
additional search.

The WA 1-type upstream detector
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consists of six modules of the im-
proved iron-scintillator calorimeter,
weighing 280 tons. The down-
stream detector contains 21 mo-
dules and weighs 1140 tons. Three
modules of the CHARM calorimeter
are installed upstream, together with
an iron muon filter, provided by the
Institute of Theoretical and Exper-
imental Physics, Moscow. Each mo-
dule contains six marble target slabs
8 cm thick interspersed with a fine-
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grained array of scintillator counters,
proportional counters and streamer
tubes. The downstream detector
has ten modules.

A module of the CERN/Hamburg/
Amsterdam/Rome/Moscow (‘CHARM’)
neutrino experiment is eased into the
upstream experimental area for the new
CERN low energy neutrino beam. Data from
this upstream detector (and others) will be
compared with what is seen in the main
detectors some 600 m downstream.

(Photo CERN 212.9.82)

In the right channel

Studies of ‘channelling’ have discov-
ered a potentially powerful new me-
thod of producing polarized photons
which could be exploited in a wide
range of experiments.

Lately, a lot of attention has been
given to the provision of strong mo-
noenergetic sources of photons for
use in a wide variety of structure stu-
dies. Synchrotron radiation, brems-
strahlung and positron annihilation
are currently considered as the main
sources of these photons.

For synchrotron radiation, ‘wig-
gler’ magnets are being installed in
electron-positron storage rings to
boost the emitted radiation. These
wigglers force the particles to oscil-
late, and thereby radiate. The energy"
of this radiation is usually below
1 MeV, so that it is not suitable for
a wide range of experiments.

However 2 few years ago a new
source of radiation — channelling
radiation — was found in which the
extremely strong steering effect
from channelling forces electrons or
positrons to oscillate up and down
between adjacen: crystal planes.
Just like 3 wiggier magnet, this oscil-
lation ma<as the charged particles
emit polarized -5 3t on of a specific
energy in a narrow angle in the for-
ward direction.

Experiments performed previously
at energies ¢ a few GeV founrd =
peak for pos.:'z-s (a Soviet-US
team) while studies with electrons in
the USSR revealed a broad photon
spectrum.

Last summer the Aarhus / CERN /
Strasoourg channelling group, colla-
borating with the UK photon group,
undertook an investigation of chan-
nelling radiation from 5-50 GeV elec-
trons and positrons using a seconda-
ry beair from the CERN SPS 400 GeV
proton synchrotron. ior positrons at
moderate GeV energ.es this experi-
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The principle of a channelling radiation
experiment. When a beam of positrons is
channelled between crystal planes, the
particles oscillate and emit radiation. Usually
the energy of this radiation depends on the
size of the oscillations — the inset

(‘Microscopic View’) shows how two
incident beam positrons radiate different
energies. However under certain conditions
the positrons produce highly monoenergetic
photons. The energy is even better defined
by collimating the resultant photon beam.

Photon spectrum obtained from 5 GeV/c
positrons channelled between the planes
of a 100-micron thick silicon crystal. The
peak can be even better defined by
collimating the photon beam. At 20 GeV/c,
there is no energy peak.
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ment also found a peak. At higher
energies, only a broad enhancement
was observed, as was also the case
for electrons across the whole ener-
gy range. Thisis because the emitted
photon energies are dependent on
the oscillations between the planes.
However there exists a ‘magic’ posi-
tron energy — for most crystal
planes in the 1-10 GeV range — at
which the emitted photon energy is
independent of the size of the oscil-
lations. The Soviet-American posi-
tron experiment was performed near
such an energy.

This year, further investigations by
the channelling group, now at the 28
GeV PS proton synchrotron, have
scanned the 1-10 GeV energy range
and confirmed the existence of a
‘magic’ positron energy for each
crystal plane, producing a sharp pho-
ton peak. The radiation is so strong
that a crystal about 1 mm thick can
yield nearly one photon per positron
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in the narrow peak.

If the emerging photon beam is
collimated, a highly monoenergetic
supply of photons becomes availa-
ble. However this requires a highly
parallel incident beam, such as is av-
ailable from a linac, supplying more
than 10° particles per s. Hence a
comparable yield of monoenergetic
photons becomes available in the
MeV region, eminently suitable for
nuclear physics. The energy can be
varied continuously. For 1-10 GeV/c
positrons, the photon energy is in the
1-100 MeV region. Like synchrotron
radiation, the photons are plane po-
larized.

If a bent crystal is used to channel
the beam (see May 1980 issue, page
111), the resultant radius of curva-
ture is much smaller than that of con-
ventional synchrotrons, so that in-
tense synchrotron radiation is emit-
ted. The interaction between the
emitted radiation and the beam parti-

cles will give a highly polarized posi-
tron beam, opening up further possi-
bilities.

KARLSRUHE/DESY
Experiment on

superconducting
cavity completed

Earlier this year (June issue, page
175), we reported the start of an
experiment with a superconducting
radio-frequency accelerating cavity
installed in the PETRA storage ring at
DESY. This experiment, by a group
from the Kernforschungszentrum
Karlsruhe, has now been completed
with very encouraging results.

The performance of the cavity (ac-
celerating field gradients of 2.3
MV/m and a Q-value of 109 were
not affected by deliberate exposure
of the high field region to 1.5 W of
synchrotron radiation. It was also
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not affected by six weeks of normal
PETRA operation with the cavity at
helium temperature and detuned
away from the fundamental mode.

After an additional two months of
normal PETRA operation with the
cavity kept at 80 K, an accidental
exposure to clean, dry nitrogen oc-
curred. Initially, this affected perfor-
mangce very badly, but after pumping
at a temperature of 50 C for a day
and subsequent recooling, the origi-
nal performance level was restored.
The field could even be raised to
3.14 MV/m since a defect in the
room temperature part of the input
coupling had been repaired.

The higher order mode spectrum
excited by the beam was measured
in great detail, and all modes which
previously had been identified in la-
boratory measurements were found.
Surprisingly a lot of modes are ex-
cited above the beam cutoff energy.
In those modes for which computed
values exist, there was agreement
between theory.and experiment to
within 10 per cent. The higher order
mode output coupling system
worked so well that even at the high-
est obtainable PETRA beam cur-
rents, less than 1 W higher order
mode power was dissipated into the
helium while several hundred W
were coupled out.

The experiment indicates that a
superconducting r.f. cavity can be
operated reliably in the taxing envi-
ronment of a storage ring.

BROOKHAVEN
Glueballs?

Since 1978, a Brookhaven/City Col-
lege of New York collaboration has
had indirect evidence for glueballs —
particles made up of gluons but no
quarks. This evidence came from ne-
gative pion-proton collisions produc-
ing two phi mesons and a neutron —
a reaction forbidden by conventional
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selection rules. Based initially on 100
and later on 170 events, the ‘forbid-
den’ signal was seen in the spectrum
of the two phis below 2.5 GeV, using
the MPS | spectrometer.

The spark chambers of MPS | were
replaced by a new system of narrow
drift space drift chambers with digi-
tized readout which allowed an order
of magnitude increase in data gather-
ing power. In a short run with the
improved detector this spring, 1200

The upgraded MPS spectrometer at the
Brookhaven AGS where candidate signals
have been seen for ‘glueballs’ — particles
made up of gluons, but no quarks.

(Photo Brookhaven)

clean two-phi events were obtained.
A partial wave analysis found two
resonances, with isospin zero, spin
two and positive parity.

The first resonance is at 2160
MeV and a width of 300 MeV, and
the second at 2320 MeV and width
220 MeV. As they are totally forbid-
den by conventional selection rules,
they are considered strong candi-
dates for glueballs. The results were
presented by Sam Lindenbaum at the
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On the left is the 16 MeV electron linac
test structure, 30 cm long, which has been
operated at Novosibirsk reaching 55 MeV
per m accelerating gradients. Also shown
are a cut-out view of the accelerating
structure and a single cell.

!
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recent Paris Conference.

In principle, the selection rules can
be broken by multi-step processes,
but elsewhere there is little evidence
for this, suggesting that single step
processes dominate. The fact that
the ‘forbidden’ signal is so strong
indicates that the observed states
are primary glueballs and not some
multiple effect which mimics glueball
behaviour. This could open a new
chapter in particle spectroscopy.
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NOVOSIBIRSK
Preparing for VLEPP

As we reported in the December
1979 issue, page 403, the Institute
for Nuclear Physics at Novosibirsk
has plans to build a colliding linac
beam system known as VLEPP. The
ultimate aim is to collide electrons
and positrons at an energy of 500
GeV per beam after a first phase with

150 GeV beams which will enable
physics to be done at energies
beyond LEP. The total length of the
first phase system is estimated at
about 3 km growing to 10 km for the
full 500 GeV beams.

The scheme has the two linacs fir-
ing at each other in a straight line.
Bunches of 10'? polarized particles
would collide at a repetition rate of
10 Hz. If the beam cross-sections at
the collision points (five will be in-
stalled in series and could be oper-
ated separately) can be kept to a few
square microns, a luminosity of 1032
per cm? per s would be achieved.
After passing through the collision
points the bunches are deflected, by
a pulsed magnet, through a spec-
trometer to measure the collision en-
ergy. They then enter a long helical
undulator where they radiate about 1
per cent of their energy as circularly
polarized photons. The emerging po-
larized particle beam can be used for
fixed target experiments while the
photons reach a convertor from
which electrons (or positrons) are
generated. After modest accelera-,
tion, storage and cooling rings pre-
pare the particles for injection into
the big linac.

To make the scheme realizable,
several aspects of accelerator tech-
nology will have to be pushed fur-
ther. Progress at the Stanford Linear
Collider (see June 1981 issue, page
199) is being watched closely and
there is a programme of research and
development at Novosibirsk itself.
Animportant feature of the design is
a very high accelerating gradient
along the linacs (100 MeV per m) so
as to keep the overall size of the col-
lider reasonable. The hope that such
a gradient can be achieved is based
on single cell cavity measurements,
carried out in 1978, when gradients
of 150 MeV per m were achieved in
specially designed structures.

In May of this year an accelerating
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The VLEPP scheme to achieve very high
energy electron-positron colliding linac
beams. The numbers indicate — (1) The
electron injector, (2) Preaccelerator for 1
GeV, (3) Debuncher, (4) Storage ring, (5)
Cooling ring prior to injection, (6) Buncher,
(7) Linac accelerator, (8) R.f. power sources,
(9) Pulsed deflecting magnet, (10) Focusing

lenses, (11) Collision points, (12) Helical
undulator, (13) Emerging beam of circularly
polarized photons, (14) Converter to give
new particles, (15) Residual electron beam,
(16) Fixed target electron or positron
experiments, (17) The extension for higher
energies after the first phase, (18) Energy
measuring spectrometer.

100 GeV
1km

e

nlage

structure 30 cm long was tested and
a gradient of 55 MeV per m was
reached. Special klystrons were de-
signed and constructed to feed pow-
er to the structure at levels up to
20 MW with 5 cm wavelength. The
klystron power now seems to be the
limiting factor in achieving higher ac-
celerating gradients. The VLEPP pro-
ject needs 1 GW pulsed r.f. genera-
tors spaced 5 to 10 m along the
linacs to provide some 1000 GW in
the first phase and some 4000 GW
at full energy. The power consump-
tion from the mains are 15 and 40
MW respectively. A prototype gen-
erator has been operated. An elec-
tron beam of the desired quality was
achieved and the power was pushed
to 0.5 GW.

CORNELL
CLEQO’s counters

Identification of charged particles by
measuring their ionization in matter is
one of the oldest techniques in nu-
clear physics. In elementary particle
physics this technique has also been
used in bubble chamber and counter
experiments, but it has only recently
been possible to develop the fast,
large solid angle devices that
can complement the momentum

Diagram of one of the octants of energy
loss counters in the CLEO detector at
Cornell’'s CESR electron-positron storage
ring.
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measurements made in large drift
chamber spectrometers.

Particle identification by measur-
ing ionization is complicated by the
fact that the energy lost to ionization
in passing through matter has large
fluctuations, first calculated by Land-
au. These large fluctuations imply
that many measurements must be
made in order to determine the most
probable ionization value that is char-
acteristic of the particle type.

The JADE chamber at PETRA and
the TPC chamber at PEP measure
both the ionization and the momenta
of tracks in the same device. In the
CLEO (Cornell / Harvard / Ithaca Col-
lege / MIT / Ohio State / Rochester /
Rutgers / Syracuse / Vanderbilt) ex-
periment at Cornell’s CESR ring, ion-
ization is measured in dedicated en-
ergy loss counters contained in each
of the eight octants surrounding the
drift chamber and superconducting
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coil. The last of these were installed
in the summer of 1981, replacing
Cherenkov counters that were used
while the energy loss counters were
being developed and built.

Each counter consists of 124 mo-
dules, each of which has 117 wires
for sampling the ionization. Below 1
GeV/c momentum, bands corres-
ponding to the ionization produced
by pions, kaons and protons are vis-
ible. At higher momentum, it is not
possible to identify individual parti-
cles with the presently achieved 6
per centresolution;itis only possible
to separate particles statistically.

The energy loss counters, working
together with time-of-flight count-
ers, can identify charged kaons over
the momentum range 0.45 to 1.0
GeV/c. This is a very interesting
momentum interval because it in-
cludes a large fraction of the kaons
resulting from decays of heavier par-
ticles. These have been detected by
the CLEO group by reconstructing
them from their decay products, us-
ing identified kaons.

The substantial D° (charmed
meson) production from the fourth
upsilon resonance is especially
significant as a possible stepping
stone to reconstructing B (beauty)
mesons, the particles resulting from
a beauty quark combining with
lighter quarks. Measurements of the
momentum distributions of elec-
trons and muons from the fourth up-
silon reported by the CLEO and the
CUSB (Columbia / Stony Brook /
Louisiana State / MPI-Munich)
groups at CESR establish a lower lim-
it of 90 per cent for the branching
ratio of the decay of a beauty quark
into a charmed quark (see November
issue, page 367). These ¢ quarks
should appear in charged or neutral D
mesons, possibly from the decay of
D*mesons. Hence it may be possible
to reconstruct B mesons by working
backward from D mesons.
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STANFORD
Particle physics
institute

SLAC hosted 376 physicists during
this year’s annual Institute on Particle
Physics. This year marked the tenth
anniversary of the Institute, which
attracted participants from fourteen
countries in Europe, Asia and Latin
America as well as the US. Faithful to
its sucessful tradition, the Institute
consisted of a seven-day school fol-
lowed by a three-day topical confer-
ence. The courses, addressed main-
ly to postdoctoral experimentalists
(but attended as well by seasoned
theorists!), had the theme of Physics
at Very High Energies, while the topi-
cal conference brought results from
current experiments.

Both theorists and experimental-
ists focused on what should be
learned from the future machines. R.

Gary Feldman (with microphone) and David
Leith consider a point at this year’'s SLAC
physics institute.

(Photos Joe Faust)

Cahn (Berkeley) presented a brilliant
summary of old and new physics at

hadron colliders, and J. Dorfan
(SLAC) explored the experimental
consequences of the standard model
and of the supersymmetric theories
presented in the lectures by L. Suss-
kind (Stanford). Drawing from both
theory and accelerator science, B.
Wiik (DESY) captivated the au-
dience’s attention with a presenta-
tion of the physical motivation and
technological challenges of electron-
proton colliders. In the same vein, R.
Stiening (SLAC) talked about elec-
tron-positron linear colliders and R.
Diebold (Argonne) presented the
plans for a 20 TeV x 20 TeV hadron
collider. The semilogarithmic Living-
ston chart, showing the evolution of
accelerator energies with time, was
often presented but with a new
twist: some speakers also indicated
their retirement year on the plot, re-
flecting the desire for a speedy pace
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After-dinner entertainment at this year’s
traditional SLAC physics institute.

of new construction. Standing prob-
lems in weak interactions, such as
lepton scattering, proton decay and
neutrino oscillations were reviewed
in the courses by M. Strovink (Ber-
keley) and H.H. Williams (Pennsyl-
vania).

The afternoon discussion ses-
sions, followed by social hours and
dinners on the SLAC lawns, contri-
buted to the productive and conge-
nial atmosphere of this School.

The eighteen lecturers contribut-
ing to the Topical Conference pre-
sented experimental results from ex-
periments at all accelerator centres.
Results from the CERN proton-anti-
proton collider attracted intense at-
tention, both for their physics con-
tent and as examples of new large
spectrometer systems. The modern
accent on lepton production and lep-
ton beams was reflected in the re-
sults from neutrino experiments and
the big electron-positron colliders.
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The final session, stimulated by
the recent possible observation of a
magnetic monopole by B. Cabrera
(Stanford), digressed from the cen-
tral topic of the meeting, with lec-
tures by F. Wilczek (Santa Barbara)
on properties of monopoles and by
Cabrera on experimental aspects of
his search. The topical conference
closed with a fascinating expose
linking particle physics and cosmo-
logy given by G. Steigman (Bartol
Research Institute).

The tenth SLAC Institute on Parti-
cle Physics lived up to the expecta-
tions of all those that have come to
appreciate this unique educational
and professional gathering as a year-
ly opportunity for refreshing their
knowledge and renewing their en-
thusiasm for physics.

(We thank Giora Tarnopolsky for
this report.)

ARGONNE
Pulsed neutron source
in demand

The Intense Pulsed Neutron Source
(IPNS-I) is in heavy demand for ex-
periments. This source is a 500 MeV
proton synchretron producing neu-
trons by spallation in a heavy metal
target. The research programme
started last year and the machine is
providing fluxes of 7.5 x 10" neu-
trons per cm? per s over the energy
range 0.001 to 10 eV with a pulse
repetition rate of 30 Hz.

Major instruments for use by ex-
perimental teams now include two
powder diffractometers, a single
crystal diffractometer, two chopper
spectrometers, a small angle scat-
tering diffractometer and a crystal
analyser spectrometer.

Over 100 scientists are involved in
the programme, attracted by the
high neutron beam intensities,
matched only by the Japanese neu-
tron source at the KEK Laboratory.
The studies cover an impressively
wide field, including investigations
on the effect of radiation on insula-
tors, on the structure of chemicals
used as catalysts in the petrochemi-
calindustry, on the structure of tooth
enamel, and to search for an electric
dipole moment of the neutron.

Supersymmetry
confronts experiment

At a well attended workshop earlier
this year at CERN, experimentalists
and theorists discussed the pros-
pects of detecting new particles or
other phenomena resulting from ’su-
persymmetry’.

Supersymmetry, or fermion-bos-
on symmetry, is relatively new, hav-
ing been studied only in the last ten
years or so. By extending the space-
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time symmetry of standard relativity,
it puts to one side the time-honoured
prescriptions of the Pauli Exclusion
Principle.

In the orthodox picture of particle
physics, the basic particles (quarks
and leptons) are fermions, carrying
half units of intrinsic angular momen-
tum (spin) and obeying the Pauli Ex-
clusion Principle, which limits the
way the available energy levels can
be occupied. The force carriers (pho-
tons and other field quanta) are bos-
ons, carrying integer spin.

Supersymmetry requires counter-
parts to the familiar particles. These
additional particles have similar
properties, except that they carry dif-
ferent spin. This means that the su-
persymmetric ‘twins’ of convention-
al particles have different statistics
— fermions become bosons and vice
versa. Hence sleptons and squarks
from leptons and quarks, while pho-
tons and gluons give photinos and
gluinos.

As yet supersymmetry has no ex-
perimental evidence to back it, but
theorists continue their studies un-
daunted, claiming that the idea is so
elegant and appealing that it ‘just has
to be true’. It could also help explain
problems in other areas.

One of the main goals of present-
day theory is the prospect of ‘grand
unification’, which extends the sym-
metry of the successful ‘electro-
weak’ synthesis of the electromag-
netic and weak forces to bring in
the strong interactions as well.

Attractive as this idea might be, it
suffers from the notorious ‘gauge
hierarchy problem’. The electromag-
netic and weak interactions are pre-
dicted to blend at an energy of about
100 GeV. Below this energy, the
symmetry of the unified electroweak
picture is broken into conventional
weak interactions and electromag-
netism. This unification energy has
to be increased by a prodigious
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amount, about a dozen orders of
magnitude, before all the interac-
tions are expected to become of
comparable strength in the full sym-
metry of grand unification.

One possibility is that supersym-
metry becomes valid in part of this
yawning energy gap, thus solving
the gauge hierarchy problem in a nat-
ural way. But supersymmetry be-
comes broken at lower energies, giv-
ing the conventional picture.

This offers the exciting possibility
that a whole new world of particles
could be awaiting discovery, and
that the physics ‘desert’ predicted
by some theorists could turn out to
be a mirage.

The CERN workshop was organ-
ized by Demetrios Nanopoulos, Au-
rore Savoy-Navarro and Charling
Tao, and the proceedings are avail-
able as a CERN preprint, ref.
TH.3311/EP.82/63.

A special seminar at the Institute of
Theoretical and Experimental Physics,
Moscow, recently marked the sixtieth
birthday of the eminent Soviet theoretician
Karen Ter-Martirosyan.

People
and things

Successful proton-antiproton
run at CERN

October and November saw a very
successful run for proton-antipro-
ton collisions (270 GeV per beam)
in the CERN SPS machine. Physics
experiments were able to accumu-
late substantially more data than
they logged in the initial runs with
the collider last year. Thanks to
the operations team being able to
provide up to three circulating
bunches of protons and of antipro-
tons, to the commissioning of the
low beta systems around the two
experimental areas, and to the
sterling work of the Antiproton
Accumulator and the faithful PS
providing the precious antiprotons,
peak luminosity was pushed above
10?6 cm=2 s~', with low back-
grounds. This was good news for
the intermediate boson hunters.
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Members of the ‘CHARM’
(CERN/Hambourg/Amsterdam/Rome
Moscow) neutrino experiment at the CERN
SPS proton synchrotron photographed at

a recent collaboration meeting held at ITEP,
Moscow. The impressive results from this
experiment and its future plans were
presented at a special symposium, attended
by many notable Soviet theoreticians,
including Bruno Pontecorvo.

Paul Dirac 80

The resurgence of interest in mag-
netic monopoles this year is espe-
cially well timed, as it coincides
with the 80th birthday of Paul Di-
rac, one of the chief creators of
modern quantum mechanics. He
also predicted the existence of the
positron, the antiparticle counter-
part of the electron. But in a paper
published in 1931 (even before
the existence of the positron had
been confirmed by Anderson),
Dirac went further and showed
that basic arguments could also
support the existence of free mag-
netic charges. The magnitude of
these charges would be simply
related to other physical constants.
Earlier this year, Blas Cabrera at
Stanford reported evidence for just
such a Dirac monopole passing
through his apparatus (see
July/August issue, page 220).
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Although this observation has yet

to be confirmed, it is worth noting
Dirac’s own words in his 1931
paper. After having recognized the
possibility that magnetic mono-
poles could exist within the formal-
ism of quantum mechanics, he said
‘under these circumstances one
would be surprised if Nature had
not made use of it’.

Letters of Intent for
Stanford Collider

Oppenheimer Prize

For their contributions to elemen-
tary particle physics, Maurice
Goldhaber of Brookhaven National
Laboratory and Robert E. Marshak
of the Virginia Polytechnic Institute
and State University are the joint
recipients of the J. Robert Oppen-
heimer Memorial Prize, awarded
annually by the Center for Theo-
retical Studies at the University of
Miami since 1969.

Nine letters of intent to propose
detectors for the SLAC Linear Col-
lider were received for considera-
tion by the Laboratory’s Experimen-
tal Program Advisory Committee,
who will advise SLAC’s Director on
possible ‘marriage, murder and
merger’ moves to arrive at more
complete proposals.

Three letters considered new
detectors, five letters offered mod-
ifications to existing installations
(Crystal Ball, MAC, TPC, Mark Il
and HRS), and the ninth could
coexist with most larger detectors.

SLAC Summer Institute

The traditional SLAC Summer Insti-
tute on Particle Physics will be held
next year from 18—29 July.
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Further information from Anne
Mosher, Bin 62, SLAC, PO Box
4349, Stanford, California 94305,
USA.

Running at CERN

The annual CERN ‘Cross’ — a

5.6 km run over a hilly circuit in
the West Experimental Area —
was won overall this year by polar-
ized target specialist Tapio Niini-
koski in a record time of 18 min
30 sec. Second was Dave Dallman
of the UA 1 experiment in 18 min
38 sec, with EP Division Personnel
Officer Werner Zapf six seconds
further away in third place. By to-
day’s standards, this is no ‘fun
run’, and does not attract the
hundreds of weekend joggers seen
at other outings. Also contrary to
what usually happens elsewhere,
the older men outperform the
youngsters — the winner of the
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Men's (no age limit) category
turned in a time of 19 min 15 sec,
equivalent to sixth place in the
‘Veterans’ (over 37 years) class,
won by Niinikoski.

Lightening the fare on the same
bill were also races for women
and juniors, with the Houlmann
family earning the collective trophy
(fifth place in the Veterans, another
fifth in the Ladies’ 1.8 km race,
and a first in the Boys under 14).

The big annual running event at
CERN, attracting hundreds of par-
ticipants, is the traditional relay
race round the Meyrin site — a
3.9 km circuit covered by teams
of six runners. The teams have to
belong to some kind of identifiable
unit (experiment, group, service,
etc.) to avoid. élite combinations.
Most teams can find one good
runner, but making up the six is
not always easy! For the past two
years, this race has been won by

a team from the UA 1 experiment.
This year UA 1 managed to field
five teams, so that a good propor-
tion of the experiment’s 140-odd
physicists were active that day.

The CERN Courier would like to
hear from race organizers at other
Laboratories with a view to estab-
lishing some worldwide compari-
son of performances.

On behalf of the UA 1 “Strollers’, Dave
Dallman accepts from LEP Project Director
Emilio Picasso the team trophy for this
year’s traditional relay race round the CERN
site.
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Staff and Postdoctoral Positions for
Accelerator Physicists and Engineers

Argonne National Laboratory has several openings for
qualified scientists and engineers interested in developing
advanced concepts for accelerator facilities to be used in
nuclear and particle physics. Previous experience with
accelerators is advantageous but junior candidates with
good academic records and a strong interest in accelera-
tor physics are encouraged to apply. Salary and position
will depend upon qualifications and experience.

Principal current activities in the Physics Division include

superconducting accelerator for heavy ions. Related
activities in other areas of the laboratory include design
of advanced proton accelerators for spallation neutron
sources, accelerator development using a rapid cycling
synchrotron (proton source for the Intense Pulsed Neu-
tron Source, IPNS), research on stochastic cooling in
collaboration with Fermilab, and accelerator research
with a high intensity picopulse electron linear accelerator.
We offer superior benefits, as well as excellent potential

for professional recognition. Interested persons should

the GeV Electron Microtron (GEM) project which is devel- write:

oping designs for a national C.W. 4 GeV electron accel-
erator facility, and the ATLAS project, the world's first
Director of the Physics Division
Building 203
Argonne National Laboratory
Box D-PHY-88
Argonne, IL 60439
Or telephone: Dr. Harold E. Jackson
(312) 972-4013

An Equal Opportunity/
Affirmative Action Employer

TRIUMF
Meson Research Facility

University of Alberta

Simon Fraser University
University of Victoria
University of British Columbia

Competition No. 375-102

ION SOURCE AND ACCELERATOR PHYSICISTS

The Cyclotron Division at TRIUMF has two openings for exper-
ienced accelerator physicists.

1.) An experienced physicist is required to assist the Division
Head at a senior level. The duties will be primarily experimental
and will require knowledge of RF cavities, electrostatic and
magnetic fields, ion optics, beam diagnostics, ion sources,

DESY in Hamburg is seeking an experimental
physicist for participation in the storage ring
development program of the laboratory, in parti-
cular the application of superconductive techni-
ques.

Applicants should have a degree in physics.
Experience in cryogenics would be useful.
Appointments are initially for three years, with
the possibility of becoming indefinite.

Please write to Professor P. S6ding
Deutsches
Elektronen-Synchrotron DESY
Notkestrasse 85
D-2000 Hamburg 52
(West Germany)

vacuum systems, and the techniques to achieve precise align-
ment of mechanical structures. The successful candidate
should have a demonstrated ability to supervise the required
support groups for new developments from the proposal
through to the commissioning stage.

2.) An ion source physicist is required to work on the develop-
ment of intense polarized H™ ion sources. Previous experience
with polarized ion sources or an equivalent experimental exper-
tise either in Atomic or Plasma Physics is required.

Candidates should have a degree at a Ph.D. level or equivalent
in Physics or Engineering Physics. Candidates with little pre-
vious expertise but excellent academic records and a strong
interest in the above subjects are encouraged to apply. Salary
will depend upon qualifications and experience.
Please reply in writing, outlining qualifications and experience
to:

TRIUMF Personnel (Competition No. 375-102)

4004 Wesbrook Mall,

University of British Columbia

Vancouver, B.C. V6T 2A3

Canada
Applicants should reply as soon as possible but not later than
January 15, 1983. We offer equal employment opportunities
to qualified male and female applicants.
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Experimental
@) Physicists

CERN offers appointments to experimental physi-
cists for one or two years under the Fellows and
Associates Programme. Fellowship appoint-
ments are two year postdoctoral appointments
for CERN Member State nationals aged 25-33.
Scientific Associate appointments are for a few
months to a vyear. Scientific Associates are
generally on leave of absence from a permanent
position in their home country (Member or Non-
Member State) although applications are also
invited from younger Non-Member State candi-
dates who are not yet in permanent employment.
This programme is also open to theoretical
physicists and to applied scientists and engineers.

For further information and details of the appli-
cation procedure please write to:

Fellows and Associates Service
CERN
CH-1211 Geneva 23

An Informal
Introduction to Gauge
Field Theories

IAN J. R. AITCHISON

Dr Aitchison has written a coherent, self-contained introduction at
graduate level to the theoretical principles and physical ideas behind
gauge field theories. He has adopted an informal field-theoretical
approach in which the discussion centres on simple and illustrative
special cases. The unifying theme throughout is symmetry: hidden
and manifest, global and local, especially the relation between local
symmetry and dynamics. £12.50 net/$22.50

An Introduction to
Gauge Theories and the
| ‘New Physics’

ELLIOTT LEADER and ENRICO PREDAZZI

The beginning graduate student in high energy or elementary
particle physics has until now been faced with an absolute morass of
data on the ‘New Physics’. This book fills a gap in providing an
intelligible introduction to the whole field of elementary particle
physics in which the emphasis is on the physical ideas. The
treatment of gauge theories stresses the physical content without
becoming bogged down in mathematical technicalities.

Hard covers £35.00 net/$65.00

Paperback £15.00 net/$27.50

CAMBRIDGE
UNIVERSITY PRESS
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High Energy Physics

Postdoctoral Research
Associates

The Physics Department at Brookhaven
National Laboratory has openings for new: or
recent PhD’s working in experimental high
energy physics. The experimental groups
carry out research primarily at the BNL

Alternating Gradient Synchrotron, and at
CERN'’s Intersecting Storage Rings. Current
experiments include studies of rare K decays,
new particle: searches, neutrino physics, and
studies of high transverse momentum par-
ticles and jets.

All appointments are for two years with a
possible third-year extension.

Physicists interested in working any of these
areas should apply to: .

T. L. Trueman, Deputy Chairman, Physics
Department Brookhaven National Labora-
tory, Associated Universities, Inc.,, Upton,
L. 1, N.Y.11973.

An Equal Opportunity Employer m/f

I) I] I Brookhaven National Laboratory
QD QD D Associated Universities Inc.

Scientific
Instrumentation

Brookhaven National Lahoratory

A position exists within the Instrumentation
Division of Brookhaven National Laboratory for
an electronics engineer or physicist trained to
the Master’s or Ph.D. level to work on signal
processing and electronic circuits for nuclear
particle and photon detectors. The efforts are to
be applied to scientific experiments in high ener-
gy physics, materials science, and biology at
Laboratory facilities, namely the Alternating
Gradient Synchrotron, the High Flux Beam Re-
actor, and the National Synchrotron Light
Source.

Candidates should provide resume and three
reference letters to:

V. Radeka, Head, Instrumentation Division,

Brookhaven National Laboratory, Asso-
ciated Universities, Inc., Upton, L.I., NY
11973.

An equal opportunity employer, m/f

I) I] l Brookhaven National Laboratory
QD [LD D Associated Universities Inc.




) s an example of our spectrum of
‘ multicompdsute conductors for highly
sophisticated magnet designs.
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CAMAC /NIM

SEN PRESENTS THE NEW MODULAR

MOTOR DRIVER SYSTEM

THE SYSTEM CONSISTS OF:

AUTOMATIC POSITIONING OF 4 STEPPER MOTORS
(3 or 4 phase) OR 4 DC MOTORS.

PRECISION: UP TO 24-BIT RESOLUTION
FOR THE MOTOR POSITIONING.

COMPATIBLE WITH 3 TYPES OF POSITION
ENCODERS.

BUILT IN pu PROCESSOR.
STANDARD SOFTWARE PAK.

MANUAL CONTROL THROUGH TERMINAL OR
MICROTERMINAL.

REMOTE CONTROL OF MOTORS WITH
OPTIONAL HANDSET MODULE
(HS 287 or HS 283)

e 4-CHANNEL MOTOR DRIVER (CAMAC COMMAND MODULE): 4 MD-2098/A

e POSITION ENCODER -DECODER (NIM): EN 284 /A

e DC or STEPPER MOTOR DRIVERS (NIM): MD 283 A or SMD 287/A

e HANDSET FOR MANUAL POSITIONING: HS 283 or HS 287 (OPTIONAL)

BLOCK DIAGRAM OF THE SYSTEM
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4MD 2098A
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MOTOR
DRIVER
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~ A

CAMAC DATAWAY

CAMAC MOD.

~——

TERMINAL
OR

MICRO ~
TERMINAL

Headquarters:

SEN ELECTRONICS S.A.

Avenue Ernest-Pictet 31; Tel. (022) 44 29 40 — TIx 23 359ch — CH-1211 GENEVE 13
OFFICES THROUGHOUT THE WORLD

o
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NIM MOD.

4 POSITION
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STP 287A
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HIGH-VOLTAGE 1kV......1IMV
INTERFERENCE EMI, EMC, EMP, NEMP

Generation and Measurement of Impulse Voltages and Currents,
HV-Power Supplies, -rectifiers, —resistors, —transformers,
Electromagnetic Compatibility, Simulators,

HV-Capacitors, Impulse Generators, Voltage Dividers,
Rogowski Coils, Shunts, Current- Viewing Resistors

7500 Karlsruhe 41, Briihlstrasse 78

FR-Germany
Tel.(0721) 44479, Telex 7826982

RADIAMETRE PORTATIF
PORTABLE RADIAMETER

DEBITMETRE X ET GAMMA A SEUILS D’'ALERTE

DOSE RATE INDICATOR FOR X AND GAMMA
RADIATIONS WITH ALARM THRESHOLDS.

G Geiger Muller counter, w : \
compensated type Nﬁ ﬁ AU )\
Geiger Muller compensé NO“N 4

Autonomy : 1200 hours

Autonomie : (1200 heures
en fonctionnement continu)

M Measurement of dose rate for X

RPI 1244

and Y radiations
Mesure du débit de dose X ety

I Indicator with audible alarm
Indicateur sonore d’alerte

Manufactured by... Systéme CEA
Fabriqué par... CEA System
Nardeux Alarm thresholds {0,5 -25-10-20m rad/h

Seuils d'alerte { 50 - 100 - 200 - 500 m rad/h

Siége social: BP 249 - Z.1. La Vallée du Parc - 37602 LOCHES CEDEX
MO LI X Head-quarters: Tél. (47) 59.32.32 - Télex: 750 808 F

Agence Commerciale: Z.A. de Courtaboeuf - Av. d’Islande - 91940 LES ULIS

Commercial Branch: Tél. (6) 928.59.46 - Télex: 691 259 F
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NEW

precision photomultiplier tubes
for high energy physics

R1246 - Fast Response 1.6ns Rise Time PMT.
Bialkali 2", 14 stages Sb-Cs head-on photo-
multiplier tube for high energy physics.
Spectral response 300-700nm.

HEMISPHERICAL PMT's —
1/2'' to 20" DIAMETER.
These PMT'’s provide good
quantum efficiency, cathode
uniformity timing character-
istics and light acceptance
significantly greater than
21 solid angle. The cost
per unit of cathode area is
very economical, approxi-
mately $0.50 per cm2 on
large tubes.
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0
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~—— measured o

R1262 — A GaAsP high gain first dinode PMT
capable of excellent single and multi-photon

discrimination.
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R1635 — Compact

10mm PMT.

Uses 35% of the cubic
space required by a 1/2"
tube. Fast-response,
good coincident timing,
excellent for low light
level detection where
space is limited.
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R1564— Proximity Microchannel Plate PMT.

For use in high magnetic field environments requiring
magnetic field immunity and high speed response
such as in hodoscopes and for decay time fluores-
cence measurement. The R1564 provides 200 pico-
second rise time plus excellent gain stability to 10~

coulomb accumulated

charge and beyond.

RELATIVE COUNTS

SERIAL NO. ---
SUPPLY VALTAGE

T T T T T T T

s
-2528 V

L L I 1 ! ! L

TInE( . 2NSOTV)

Take advantage of Hamamatsu's state-of-the-art hemispherical photomultiplier tubes for
precise detection of Cerenkov light in proton decay or neutrino-type experiments. Use
our more traditional end-on PMT’s in calorimeter, hodoscope and plasma applications.

CALL OR WRITE FOR LITERATURE

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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A+D PRODUCTS SA
2502 Bienne r. Albert Anker 23
Tél.032 236312/235582  Télex. 34834 ADPRO cenn counlsn
CIM Modules

A+ D PRODUCTS manufactures currently CERN
Instrument Modules (CIM)

A unique advertising medium for
scientific and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active
in this dynamic field of fundamental research, it is
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Written
in simple language and published simultaneously
in English and French it has become the natural
communication medium for particle physicists in

Please contact us for additional information Europe, the USA, the Soviet Union, Japan—every-
We also represent for Switzerland: where where the fundamental nature of matter is
Delta Elektronika BV (NL) studied.

Wallis Electronics Ltd (UK)
E/M Electronic Measurements Inc. (USA)

C2 Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,

Berkeley, Brookhaven, Cornell, Fermi, Los Alamos
] ‘ and Stanford in the USA, Darmstadt, DESY and
i CHARACTER Karlsruhe in Germany, Orsay and Saclay in France,
-

Frascati in Italy, Daresbury and Rutherford in the

DISPLAY MODUL I U.K., SIN in Switzerland, Dubna and Novosibirsk

120 Digits / 5 X 7-Dotmatrix inthe USSR, KEK inJapan, TRIUMFin Canada and
Peking in China.

The annual expenditure on high energy physics
in Europe is about 1000 million Swiss francs.
The expenditure in the USA is about $ 400 million.
There is similar expenditure in the Soviet Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a
market in this field, there is no surer way to make
your products known than by advertising in CERN
e with Vacuum fluorescent display — brilliant + clear COURIER.

e direct connection with ‘handshake’-methode / 4-Bit or 8-Bit
e Power Supply:  + 5 volts / 255 mA typ.

® Interface: TTL-compatible — ASCIl parallel with
strobe
® Various Functions:Cursor to move right or left — to shift right or
left — to rotate right or left All enquiries to:
® Dimensions: Characters — height 5 mm — pitch 3.5 mm Advertising Manager
. — module overall 180 x 59 x 33 mm Micheline Falciola
o Availability : - ex stock CERN COURIER
® most optimal relation in performance and price CERN
e we are the Futaba — representative for Switzerland — for other CH- 1211 GENEVA 23
types of displays please call us‘for more information. Tel. (022) 834103

Telex 236 98

- ELECOM ELECTRONIC COMPONENTS

Frank A. Ziegler, Postfach 19, 8907 Wettswil a. A.
Telefon 01/ 700 32 13/15, Telex 58906 ELECO CH
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The New
PFEIFFER TURBO PUMPS

Turbomolecularpumps usedtogen-
erate high and ultra-high vacuum
without any hydrocarbons have
proven their usefulness both for
scientific and industrial application.
The PFEIFFER TURBO has been the
pioneer for this type of pump.
Research and development over
nearly 25 years have over and over
again led to new and better solu-
tions.

As aresult of the optimization of the
rotor and stator design, a consider-
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* ® TCP300
POWHR-GURBLY
@

PREIFFER

» -

TCP 300 electronic drive unit

able increase in volume flow rate
has been attained for the turbo
pump models 170 and 330.

Both pumps are driven by the newly
developed electronic drive unittype
TCP 300. The TCP 300 has been
equipped for connection to the in-
terface unit TCI 001 which is also
a new development and which per-
mits the most important operating
data of the pump and the electronic
drive unit to be processed by a
computer.

TPU 330

Detailed information on pumps and
pumping units can be supplied to
you on request.

BALZERS

ARTHUR PFEIFFER
VAKUUMTECHNIK WETZLAR GMBH
Postfach 1280, D-6334 Asslar,
BR-Deutschland
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Presses Centrales
Lausanne SA

Commercants — Industriels
Conseils en publicité
Communes
a caractéristiques touristiques
ou agricoles

consultez-nous sans engagement.

Le dynamisme, \

la compétence de nos spécialistes,
notre équipement de photocomposition
et nos machines offset a feuilles
4,2 et 1 couleurs
sont a votre service.
Nous nous sommes équipés d'un TELEFAX pour mieux vous servir

PRESSES CENTRALES LAUSANNE SA

7, rue de Geneve
Téléphone (021) 20 59 01
Télex 25 404
Téléfax (021) 20 59 01
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We provide easily built-in
safety in Know-how.

Publicité dans le COURRIER CERN

Format A4 Publication mensuelle
Les'annonces paraissent simultanément dans chacune des deux
éditions anglaise et francaise. Les insertions dans la deuxiéme
langue sont publiées sans supplément.

Prix par insertion (en francs suisses)

Espace | Surface utile (mm)
(page) largeur x hauteur 1 3 5 10
insertion | insertions | insertions | insertions

/4 185x265 1550 1500 1450 1350
1 185x 130
/2 90 % 265 850 820 800 750
a 90x 130 480 450 430 410
Supplément:
— pour une couleur 1500 Fr.s.
— pages de couverture:
Couverture 3 (1 couleur) 1850Fr.s.
Couverture 4 (1 couleur) 2450 Fr.s.
Date de publication 1erdu mois
Délai de réception des
films positifs et textes 1e" du mois qui précede

Les frais de fabrication des films et
de traduction des annonces sont
facturés a part.

Trame offset 60 ou 54 suisse (150 anglaise et
francaise)
Les annulations parvenues apreés le
1er du mois précédent ne sont pas
prises en considération.

La publicité est limitée a 50% du volume de la publication.

Les commandes seront satisfaites dans |'ordre strict de leur

réception.

Ces tarifs sont valables pour I'année 1982.

Pour toute demande de renseignements, s'adresser a:

Micheline FALCIOLA / COURRIER CERN - CERN
CH-1211 GENEVE 23 SUISSE
Tél. (022) 83 41 03 Télex 2 36 98
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Stesalit resolves your individual
-problems in

fiberglass

for science and advanced
technic.

Please request detailed infor-
mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

CH-4249 Zullwil/SO
Telefon 061/80 06 01, Telex 63182

E
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Advertisements in GERN GOURIER

Format A4 Monthly publication
All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)

(page) width by height 1 3 5 10
insertion | insertions | insertions | insertions

/4 185x 265 1550 1500 1450 1350
185x130

/2 90 x 265 850 820 800 750

/a 90x 130 480 450 430 410

Supplement for:
— each additional colour 1500 SwF

— Covers:

Cover 3 (one colour) 1850 SwF

Cover 4 (one colour) 2450 SwF

Publication date 1st of month of cover date:
Closing date for

positive films and copy 1st of month preceding cover date

The cost of making films and of
translation for advertisements are
charged in addition.

Screen (offset) 60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

Advertising space is limited to 50% of contents and insertions

are selected on a strict first-come first-served basis.

These rates are effective for the year 1982.

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland

Tel. (022) 83 41 03 Telex 2 36 98

ORGANISATION EUROPEENNE
POUR LA RECHERCHE NUCLEAIRE

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. (Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland

How to visit CERN
7 Comment visiter le CERN

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

The minimum age limit is 16 years.

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

Please write or call: CERN

Ecrire ou téléphoner:

Visits Organization / Organisation des Visites
1211 GENEVA 23
Tel. 022/83 40 52 or/ou 83 41 02

‘Telex 2 36 98
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FASTBUS

-

&

The first FASTBUS Active Extender and Kluge Modules
are now available for your high-speed data systems

You've been hearing about it...FASTBUS...the
new high-speed data acquisition system designed to
handle large quantities of data at high transfer rates. A
companion to the present CAMAC standard, FASTBUS
best suits those areas requiring a multiprocessor archi-
tecture or a high bandwidth. Use it for image processing
or tomographic reconstructions, flight or other simu-
lation, adaptive control and artificial intelligence
requiring multiprocessing.

Now, FASTBUS is commercially available. Scientific
Systems International, our Los Alamos engineering
design and development division, is actively developing
these products. Our 2-layer Kluge Module and Active
Extender are only the first in a complete FASTBUS
product line. The 2-layer Kluge is a standard FASTBUS
module used for development and prototype of other
FASTBUS modules. The Active Extender provides
single-load, active buffering and isolation of each
defined Segment line.

For more information on KineticSystems FASTBUS,
call us today! Model FO11 KLUGE Module Accepts over three hundred 14

COMING SOON and 16 pin ICs. Provides power and ground planes and uses
* 4-layer Kluge Module ** Segment Termination wirewrap-type sockets.
* Ancillary Logic ** Manual Segment Controller Model F210 Active Extender Includes active-buffered Segment
* TRIAC Output Module ** Segment Display lines and direct-connected Auxiliary lines.

KINETICSYSTEMS

US.A. West Coast Office Europe (Service) Europe (Marketing)

11 Maryknoll Drive 7950 Dublin Boulevard, Suite 102 3 Chemin de Tavernay Gewerbestrasse 13

Lockport, lllinois 60441 Dublin, California 94568 1218 Geneva, Switzerland CH-4528 Zuchwil, Switzerland
Phone: (815) 838 0005 Phone: (415) 829 9020 Phone: (022) 98 44 45 Phone: (065) 25 29 25

TWX: 910 638 2831 TWX: 910 389 6898 Telex: 28 96 22 Telex: 34 94 95

CERN Courier, December 1982 : 435



436

Linnovation demande
l'information!

Indispensable pour
— Recherche et developpement
— Brevets
— Gestion

LISIT fournit de facon rapide et
efficace des informations scientifigues
et technigues par

— Recherches de littérature
— Fourniture de littérature
— Analyses de littérature
— Consultations pour le développement

- Institut
W Suisse pour
" ['Information

de la SAR
CH-3000 Berne 9, Waldheimstrasse 18
Télex 32938, Téléphone 031 24 03 33

NMR
Magnetometer

for the precise measurement
of magnetic fields.

An economical and easy to use
NMR Magnetometer for the accurate
measurement of magnetic fields.

With the Model 1000 you get these features:

1 to 68 kGauss field range

7 digits display in Gauss

0.01 Gauss resolution

+ 105 absolute accuracy, +5x 107 relativ
Automatic field tracking

Error voltage output for feedback control
Packaged in double-width NIM Module
BCD output

Accessories available include Probes, Multiplexer,
CAMAC Interface and NIM Module Display
Oscilloscope.

Please call or write for literature and pricing.

SENTEC S.A.
13, Avenue Ste-Clotilde, CH-1205 Geneva
Tel.: (022) 28 87 19 / Telex: 421 254 anec

In the USA and Canada:

ANAC Inc.
3200, Scott Blvd., Santa Clara, CA 95051
Tel: (408) 727-5221 / Telex: 172 108 anac snta

In Japan:

DAIEI MUSEN DENKI Co. Ltd.
10-10, 3 Chome, Soto Kanda, Chigoda-Ku, Tokyo
Tel: Tokyo 03-255-0931 / Telex: J 23923 daiei
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ULTRA-SENSITIVE
CAMERA TUBES

FOR SURVEILLANCE, INDUSTRIAL
AND SCIENTIFIC APPLICATIONS.

THOMSON-CSF offers, ex-stock, standard
size Nocticon® camera tubes (SIT generic type)
with input photocathode diameter of either
16 or 25 mm. These tubes permit conventional
low-light-television techniques to be used at
scene illuminations as far down as 107 lux, thereby
extending video techniques to many new fields:
o low-light-level TV for surveillance and new coverage
@ process control sensors
e ultra-fast exposure video recording for stroboscopic
applications and oscilloscopy
® microscope-coupled video cameras
e radiographic baggage inspection e spectroscopy
o streak cameras e laser tomography.
Our team of camera-tube specialists is at your disposal to
discuss these or any other applications that may interest you.

i/ THOMSON-CSF
" COMPONENTS

THOMSON-CSF 01visioN TUBES ELECTRONIQUES

38 RUE VAUTHIER / BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE / TEL.: (33.1) 604 8175

USA GERMANY ITALY SWEDEN
THOMSON-CSF THOMSON-CSF THOMSON-CSF THOMSON-CSF
COMPONENTS CORPORATION  BAUELEMENTE GrmbH COMPONENTI KOMPONENTER
RUTHERFORD NJ (201) 438-2300  MUNCHEN (89) 75.10.84 ROMA (6) 638.14.58 & ELEKTRONROR AB
BRAZIL UNITED KINGDOM SPAIN STOCKHOLM (8) 22.58.15
THOMSON-CSF THOMSON-CSF THOMSON-CSF JAPAN ©
COMPONENTES DO COMPONENTS AND COMPONENTES THOMSON-CSF 3
BRASIL Ltda MATERIALS Ltd Y TUBOS S.A. JAPAN KK. =
SAO-PAULO (11) 542.47.22 BASINGSTOKE (256) 29.155  MADRID (1) 419.88.42  TOKYO (3) 264.63.46 3
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Are you planmnming anmn exper-imenrnt at CERMNMA
Then you will need: .

1) stand—alone test systems
2) fast front-end processors
3) an efficient access to the CERN computer centre resources.

The CES range of ultra—fast processors offers you the optimum solution.

The range is based around the THS 99000/9900 family of microprocessors , which is the most popular family of processors at CERN
with over 200 units in operation all over the site and which has been selected also by IBM.A large amount of software covering
sost applications is therefore available and coses free of charge. The key features of the CES systems are :

—power ful The TMS99105 based ACC 2160/105 features a 167ns cycle time with full DMA operation.Benchmarks have deaon-
strated the processing power to be far in excess of the 68000 and to be of the level of the NORD 100. The
nore powerful ACC 2160/110 includes a floating point package already in the chip without any coprocessor
required.Multiprocessor support is standard; any combination of CES processors can be mixed within a crate,
in complete software transparency and with any processor having access to the cosplete memory bank.

—portable The hasic system (front-end processor) requires only one slot in any CAMAC crate; the largest system {multi-
user reaote work station) requires only twelve slots and can be delivered in a special mini-crate.The Crate
controllers can be either A2,L2,NORD controllers or stand-alone computers like the BTACC 2147 or STACC 2147.

—easy to use The processors can be used without any specialised knowledge.The test systems include EPROM resident NODAL,
editors, graphic applicationsjthe software for the front-end processors can be developed on and loaded from
any host computer;the CERNET connection of the remote work station includes the WYLBUR bridge for job suba-
ission and the INDEY processor.

-ftfail—-safe At any tise vou can switch between local rescurces and computer centre resources.locally, up to 12BKByte
are available for program development with floppy disc and Winchester disc connection.Program and/or data
back-up can be executed locally on the Winchester disk or remotelv on the host.A high speed (70ns) dual port
memory structure enables transfers of data/programs to the host computers through the portable CERNET con-
nection at the maximum network speed. These two modes of operation-local developement and local execution of
progrags compiled on the hosts-render the system extremely versatile.

Configurations
Stand-Alone test systeas:
‘ STACC 2147 THS9900  based CAMAC computer

5TACC  2147/105 THG99105 based CAMAC computer
STACC  2187/110 THR99110 based CAMAC computer
WIN 2130 5 Mbyte fixed Winchester disk
HCTR 2131 Winchester controller
WIN 2132 5 Mbyte removable Winch. disk
CPC 4110 12-slot minicrate
b-430- graphic console

Front-end processors:
AcC 21607105 TH599105 based aux. crate ctr.
ACC 2160/110 THE99110 based aux. crate ctr.

Portable CERNET interface:
Sender /Receiver network driver
ACC 21607103 single-user interface
STACC  2147/105 pulti-user interface

At CES, tomorrow’s systems are available NOW

- For more information contact us, or your local CES representétive:

T e S i ey e et CREATIVE HEGTRONIG SYSTENS

Relgium: Canberra Positronika  Tel:{54)321611 England: Sabre computers Int. Tel: (0883140242
France: AR+R Tel: (76) 905540 Bermany: Computer Peripherie Tel: {040) 802046

Netherlands: Canberra Positronika  Tel: (0401414355 Japan: Toye Corp. Tel: 03 2790771




Event recorded July 23, 1982
at the Mt. Blanc experiment

STOS Controller
8192 Channels

Rue Cardinal-dournet 27, 1217 Me
USA. (914) 425-2000; Heidelberg

yrin 1-Geneva, Switzerland, 82 33 55, Offices: Geneva, 98 97 97:
- W. Germany, (06221 2¢ 92' | '
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