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Thinking ahead in Europe

At its 21st Plenary Meeting on 25 May,
the European Committee for Future
Accelerators {ECFA) passed a recom-
mendation which essentially promotes
a high energy electron-positron col-
liding beam machine as the prime can-
didate for further study as Europe's
major high energy physics project for
the 1980's. This recommendation (the
full text of which is reproduced below)
was submitted to the CERN Scientific
Policy Committee at its meeting on 21
June. It seems an appropriate time to
summarize some of the options which
have been under consideration as
future European research facilities for
particle physics and to indicate why
ECFA is promoting the electron-
positron machine.

The term ‘major project’ is an impor-
tant one because under this heading
do not come such small/medium scale
projects which may prove feasible as
extensions of CERN's existing facilities.
There are three contenders which can
be so described — projects involving
different use or revamping of the
Intersecting Storage Rings, the project
to collide protons and antiprotons in
the SPS, the project to collide protons
and electrons at the SPS.

Possible projects which extend the
physics potential of existing CERN
facilities

Contender number 1, involving an up-
graded ISR, was a subject of a two
week Workshop in October of 1976
(see  November issue of CERN
COURIER). The physics interest of
higher energy proton-proton colliding
beams would be to augment the
knowledge gleaned mainly with the
existing ISR. This includes the informa-
tion on low and high transverse
momentum phenomena and on lepton
and photon physics.

There are several schemes to
achieve the ISR upgrading. One
scheme, known as SCISR (SuperCon-
ducting ISR), proposes changing the

conventiona! magnet rings for super-
conducting rings. The existing ISR tun-
nel dimensions and the location of in-
jection beam lines and experimental
areas dictate a peak energy of around
100 GeV perbeam (4.5 T field from the
superconducting magnets would be
equivalent to 108 GeV) with four in-
tersection regions. Injection at 25 GeV
from the PS and phase displacement
acceleration could give 10 A per beam
at top energy and a luminosity in the
1032 per cm? per s region.

SCISR looks the most attractive of
the upgraded ISR schemes, at the mo-
ment, but there are other possibilities
which aim to collide ISR protons with
SPS protons. The SPS protons would
have a peak energy of 270 GeV, since
the power dissipation limits the
storage ring type operation of the SPS
magnets to this level, and could collide
with ISR protons with energy of 60
GeV by stringing the two conventional
magnet rings into one ring (a scheme
known as MISR-Moved ISR). Collisions
could take place at long straight sec-
tion LSS5 of the SPS which has been
kept free.

The second leg of the Workshop on
the future of the ISR will be held later
this year and preferences as to the
future of the ISR (or, of course, as to
the desirability of giving preference to
other projects) are likely to emerge at
that time.

Contender number two is the pro-
ject to collide protons and antiprotons
in the SPS. It has become thinkable
following the work on the new techni-
ques of electron cooling at Novosibirsk
and of stochastic cooling at CERN
which should make it possible to build
up and hold intense beams of an-
tiprotons. This will then give lumi-
nosities which are adequate to do
good physics. The techniques were
covered in some detail in the
December 1976 and March 1977 is-
sues of the COURIER.

The project has been pushed par-

ticularly by Carlo Rubbia and studies
on the project are being carried out un-
der Simon der Meer. The aim is to
achieve a luminosity of 10%* per cm?
per s in a low beta insertion in LSS5
(and possibly LSS4) of the SPS with a
collision energy of 270 GeV per beam.
It requires accumulating some 102
antiprotons per day which could be
done without interfering with the
physics programmes which run at pre-
sent (though of course when proton-
antiproton experiments are in action
the rest of the SPS programme would
stop).

The great physics attraction is that it
may be the quickest and most econo-
mical way of reaching the energy
region where the intermediate vector
bosons, W and Z with masses around
70 GeV, and possibly Higgs bosons,
are predicted to exist. The quark and
antiquark content of the proton and
antiproton will almost certainly give a
higher production rate for these parti-
cles than proton-proton collisions.

Unfortunately, the hadronic nature
of the interactions are likely to involve
a high background from which the par-
ticle signals will have to be extracted.
The Z and the W should be observable
and some of their properties could be
decipherable. But to uncover detailed
information will very probably require
the advent of other machines.

The scheme so far developed to
produce the antiproton beam involves
ejection at 26 GeV/c from the PS, an-
tiproton production on a target off the
beam line which leads to the ISR, injec-
tion and storage of the antiprotons at
3.6 GeV/c in a 25 m radius shuttle ring
where stochastic cooling is applied,
deceleration to about 0.45 GeV/c and
transfer to a cooling ring (of the same
average radius) where electron cooling
(more efficient at this low energy) is
applied, transfer back to the shuttle
ring when an intensity of 10'? is
reached, acceleration to about 5 GeV/c
or higher and, finally, anticlockwise in-
jection into the SPS taking the route of
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the beam line which was used to con-
vey protons from the PS to the West
Hall and doubling back down the SPS
gjection beam line to the West Hall.

Preliminary experiments on the two
cooling techniques are being prepared
under the acronym ICE (Initial Cooling
Experiments). They will use the g-2
magnet ring rebuilt in the former
Gargamelle building with the neces-
sary insertions for the electron cooling
and with the stochastic systems and
lots of diagnostic equipment. |t is
hoped that experiments can start at
the end of this year.

It is worth recalling that the Fer-
milab is pursuing a similar scheme and
hopes to start cooling experiments at
about the same time. Given the para-
meters of the two existing acceleration
systems it looks as if CERN potentially
has an edge on antiproton yield per
unit of time.

The last of the three options is a
scheme to add an electron ring at the
SPS so as to achieve proton-electron
collisions at high energies. This project
has gathered the name CHEEP and has
been promoted particularly by Bjorn
Wiik. Kurt Hubner is heading amachine
study. Electron-proton possibilities
have also been considered at
Berkeley/Stanford as a second phase
of the PEP project, at Brookhaven as an
option on Isabelle, at Fermilab where it
was dropped to concentrate on the
Doubler, and at CERN as an option on
the LSR (see below). DESY have also
planned a contribution to the neces-
sary techniques by adding a Van de
Graaff proton injector so that electron-
proton beam-beam effects can be
studied in DORIS. The CERN scheme
achieves higher collision energy than
other schemes under consideration at
present.

The attraction of CHEEP is that it
gives such high interaction energy and
high luminosity for modest investment
(cheap) and can study the lepton-
parton interaction in a way which is not
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accessible at proton-proton or elec-
tron-positron rings. It can study the
weak interaction at much higher
energies than are presently available,
covering the W and Z predicted mass
range. It could add more on neutral
currents and reveal new quarks and
new leptons. It could give information
to help select between gauge theory
models of the strong interaction.

The design has the electron magnet
ring suspended from the roof above
the proton magnet ring in the SPS tun-
nel with the beams brought into colli-
sion in LSS5 (and possibly also in
LSS4). An intricate geometry at the in-
tersection point makes it possible to
bring longitudinally polarized electrons
into interaction, which has physics ad-
vantages.

Both the electron beam and the
proton beam have sixty bunches. With
1.5 x 10" electrons and 2 x 10"
protons, the luminosity could reach 0.5
x 10% per cm? per s at 270 GeV proton
energy and 25 GeV electron energy.
With some limitations the proton
energy can span from 145 GeV to 400
GeV (or higher) and the electron
machine could give 30 GeV if more r.f.
power is added.

For the injection system it has been
proposed to use a b GeV fast cycling
synchrotron. Components of the NINA
electron synchrotron which closed
down at Daresbury at the beginning of
April might be made available for the
injector. {The fate NINA is surely the
most popular of accelerators — it has
been incorporated in half a dozen other
accelerator schemes up to now |)

One final point on CHEEP. The
electron ring would make a fine injec-
tor should high energy electron-
positron rings ever come to the CERN
site.

All these contenders for extensions
of the research potential of the existing
CERN machines remain under discus-
sion. By the end of this year, the sec-
ond leg of the ISR Workshop and

a meeting on the electron-proton
scheme (see page 200) will have taken
place and experiments on the antipro-
ton cooling scheme will be ready to
begin. From this melting pot it is hoped
that priorities will emerge so that the
necessary resources can be allocated
by CERN.

In these belt-tightening days, it is
almost certain that such resources will
have to be found within annual budget
levels approximately the same as
those under which CERN is now oper-
ating. To buy some new physics, it will
probably be necessary to sacrifice
something which is under way at pre-
sent.

Possible major projects for Europe in
the future

When thinking of the desirable
facilities for high energy physics re-
search in Europe a decade or more
ahead, there are three main chapter
headings — a proton synchrotron ‘fix-
ed target’ machine in the thousands of
GeV range (several TeV), a proton-
proton colliding beam machine in the
range of hundreds of GeV perbeam, an’
electron-positron colliding beam ma--
chine in the range around 100 GeV per
beam. All three possibilities have been
thought about and the last two have
been studied in some detail.

A factor, which is influencing the
selection of projects, to a greater ex-
tent than it has done in the past, is the
desirability of achieving a balanced ar-
ray of research facilities world-wide.
This is one consequence of the large
investments, in money and manpower,
which are now needed to construct a
major facility and a consequence of the
close international collaboration in the
field. It was agreed at the Study Group
on future accelerators, which met in
Serpukhov in May 1976 with repre-
sentatives from all the regions involved
in high energy physics, that new
regional facilities should be selected in
close collaboration between the



regions to ensure coverage of the
broadest possible programme of re-
search. The Study Group also recom-
mended joint utilization of such facili-
ties by scientists of different countries.
(See June issue 1976 for more
details.)

The physics potential of a multi-TeV
proton synchrotron was studied in the
tourse of 1975 and the deliberations
of the Study Group were published as a
CERN Yellow Report 76-12 edited by
L. Camilleri. Such a project has not
been pursued further. In the USA a 1
TeV machine is in prospect at the Fer-
milab (the Energy Doubler/Tevatron)
and is currently in its research and
development phase. In the Soviet
Union a 2 to 5 TeV proton synchrotron
(UNK) is under study — see Sep-
tember issue 1976.

Proton-proton storage rings, with a
peak energy of 400 GeV fed by the
CERN SPS, have received quite de-
tailed study in a group led by Kjell
Johnsen. Their physics potential was
covered in the same report, 76-12,

entioned above. Such rings would
cover the W and Z predicted mass
region (though with the complications
of hadron-hadron interactions), prob-
ably answer the questions on the rate
of rise of the total cross-section, add
more on scaling which is already in
trouble at the ISR, perhaps see also the
strange hadronic events recently
detected in cosmic ray research, add
more on the high transverse momen-
tum / jet phenomena...

The machine design has two rings of
superconducting magnets (4 T fields)
installed in an oval tunnel (5.8 km cir-
cumference, 1.45 km and 2 km
‘diameters’). Intensities are 7 A per
beam and special attention has been
given to the design of the intersection
regions to cover the different classes of
physics. A luminosity of 1.3 x 103 per
cm? per s would be possible with 12 m
free for detector installation in two low

beta regions and the four other general
purpose regions with 130 m free
would have 6 x 103" or 10%" (high beta
regions for small angle investigations).

An electron ring could be added to
collide bunched electron beams at 20
or 25 GeV against coasting protons
with a luminosity of 1032 in one or two
intersection regions. Polarized elec-
trons would be feasible with the ability
to rotate the polarization into the
longitudinal plane.

In the USA a proton-proton colliding
beam project of 200 GeV, Isabelle, has
been under preparation at Brookhaven
for several years. There is now con-
siderable optimism that this project
will soon get the go-ahead (see page
200). The design team also considered
a 400 GeV design with a 3.8 km cir-
cumference and 5 T magnets.

Electron-positron storage rings of
higher energy than the PETRA (DESY)
and PEP (Berkeley/Stanford) machines
which are now under construction,
were investigated by Burt Richter dur-
ing a sabbatical year at CERN 1975-
76. The physics interest was the sub-
ject of another Study Group, chaired by
Pierre Darriulat, whose deliberations
were published as a CERN Yellow
Report 76-18. There was also an ECFA
Study at DESY in February of this year
and preliminary looks at a possible
design of such a machine have been
under way mainly at CERN under
Eberhard Keil.

The machine would cover the
predicted mass region of the W and Z
particles (and perhaps the Higgs
bosons) and would produce such parti-
cles in cleaner conditions than hadron
collisions. (A high background problem
may be encountered, however, due to
the two-photon process.) It will pro-
bably be possible to determine many of
the new particle properties. The
machine will extend electron-positron
cross-section measurements to higher
energies with the implications of the
possible existence of other heavier

quarks. It covers the range where the
weak and electromagnetic forces are
predicted to become of comparable
strength bringing a new regime of par-
ticle behaviour under investigation. It
would probe down to dimensions of a
hundredth of a fermi and other
phenomena may well come to light
when these smaller dimensions
become accessible for the first time.

A first look at a design for an
electron-positron ring of 100 GeV
energy per beam has set a luminosity
aim of 10% per cm? per s. The other
parameters are then largely fixed. For
example, a ring of 50 km cir-
cumference would need over 100 MW
of r.f. power requiring some 2.5 km of
installed r.f. cavities. (If supercon-
ducting r.f. cavities operating in the
relevant frequency range could be
developed, the financial and physical
relief to such a project could be con-
siderable.)

Eight collision straight sections
were included in the design. The injec-
tion field at 20 GeV is 109 G rising to
544 G at top energy. The magnet
design uses conductor to determine
the field shape and avoids iron close to
the beam because of permeability ef-
fects. The vacuum system is also af-
fected by the low fields — distributed
sputter ion pumps would not be ade-
quate at the injection field. The beam
currents were set at 15 mA in 32
bunches per ring. Wiggler magnets
would control the luminosity variations
with energy. A version with, for exam-
ple, a peak energy of 70 GeV could be
built initially by leaving out some of the
r.f. system (a ‘missing cavity’ machine)
saving about 20 % on the initial con-
struction costs. ‘

The 100 GeV machine first came
into discussion with the acronym LEP,
for Large Electron Project, and has
since been called LEAP, for Large
Electron Accelerator Project including
the 70 GeV initial phase. It would cer-
tainly be a great LEAP for the high
energy physics community. No other
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region has such a project under study
at present.

ECFA recommendation

After deliberating on these various
possibilities the European high energy
physics community, via its ECFA re-
presentatives, has emerged with this
recommendation to the CERN Scien-
tific Policy Committee, which we re-
produce here in full:

‘The physics motivations are very
strong for a study of phenomena in
electron-positron collisions in the
range of 100 - 300 GeV centre of mass
(c.m.) energies, where weak and
electromagnetic interactions are ex-
pected to become of comparable
strength. A 200 GeV c.m. energy e+*e”
ring might have a radius of 7 km, and
possibilities for extension up to 300
GeV c.m. energy with future technical
development. This project would be
complementary to planned and pres-
ent facilities elsewhere in the world.

Rough estimates indicate that an
e*e” machine of 200 GeV c.m. energy
is a project on a scale which could be
realized as a European project in the
1980's, and would not necessarily re-
quire the interregional collaboration
considered for the Very Big Accelerator
(VBA) Project. However, the extension
to the range above 200 GeV c.m.
energy, which was considered as one
of the main options for the VBA, may
well require a more extended col-
laboration.

We recommend that:

{1) An e*e” storage ring of about 200
GeV c.m. energy, possibly with an in-
itial phase of 140 GeV, be considered
by the high energy physics community
as the prime candidate for a major
European project for the 1980’s.

(2) As a first step a location near the
Meyrin site should be investigated by
CERN.

(3) The technical, scientific and finan-
cial aspect of such a European project
be further studied to allow the high
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energy physics community, via CERN
and ECFA, to submit a proposal for this
project to the CERN Scientific Policy
Committee.

{(4) Technical research and develop-
ment of importance for the project
should be taken up or pursued at CERN
and the Laboratories of the Member
States, in particular on supercon-
ducting r.f. cavities, high power cou-
piing devices, etc.

{5) Studies of the design of the
machine and of its operation, on which
preliminary results were reported at
the ECFA study week at DESY, should
be pursued with high priority.

{6) The interest in non-CERN Member
States of joining such a project should
be actively explored.’

The recommendation will probably
have the effect of concentrating efforts
for possible future projects in Europe
on the electron-positron option rather
than having them spread over the dif-
ferent alternatives. It has a long way to
go before it reaches the stage of being
a project that can be seriously discus-
sed in terms of timescales and money.

It is a suitably sobering thought that
the SPS which was inaugurated in
May of this year was first recom-
mended by ECFA in 1963.

Around
the
Laboratories

DESY
Polarized beams for
PETRA

The polarization of electron and posi-
tron beams in storage rings due to the
emission of synchrotron radiation was
predicted theoretically by A.A. Soko-
lov and .M. Ternov in 1963 and con-
firmed early in the 1970s by experi-
ments at Orsay on ACO and at
Novosibirsk on VEPP-2. Also during
the early days of SPEAR operation at
Stanford (beam energies around
2GeV) analysis of the physics data
showed that the beams were
polarized.

The usefulness of polarized beams
for electron-positron physics increases
at the higher energies and it was
therefore a disappointment to find that
the polarization in SPEAR disappeared
after the machine was modified for
higher energies.

There are several possible sources
of depolarization associated with
various types of spin resonances.
These effects can be enhanced by the
quantum nature of the synchrotron
radiation, especially at the higher
energies, and the observations in
SPEAR were attributed to one of these
effects associated with the vertical
dimensions of the beam. Extrapolation
of this explanation to PETRA and PEP
energies in the 15GeV range made it
look unlikely that these machines
would have polarized beams.

However, the explanation was not
universally accepted and over the past
six months there have been many
animated discussions about the rela-
tive importance of the various depola-
rizing mechanisms. At DESY, where
there is a strong interest in having
polarized electron and positron beams,
a critical evaluation of depolarization
effects in PETRA has been carried out
using the extensive theoretical work on
stochastic depolarization that has



been published (mainly from the
Soviet Union) over the past few years.
B A recent concurrence at CERN of Ya.
S. Derbenev from Novosibirsk, who
has made major contributions to the
subject, and J.D. Jackson from Berke-
ley, led to an improved understanding
of these depolarizing phenomena. This
has been applied to PETRA by Bryan
Montague, visiting DESY from CERN
for a few months, and indicates that
there is good hope of obtaining
polarized beams in PETRA.

The main reason for this renewed
optimism is the now general agree-
ment that the various contributions to
the vertical beam size give rise to dif-
ferent strengths of depolarizing effect.
The overall effect arising from the ver-
tical betatron motion in PETRA can be
made very much smaller than pre-
viously supposed, by careful choice of
the Q values (betatron tunes) and by
adjusting the operating energy to avoid
the strong spin resonances.

There remain, however, potential
depolarization mechanisms which
must be kept carefully under control.
At PETRA energies, the most critical
appear to be the one due to vertical
closed-orbit errors and the one arising
from the stochastic nature of the col-
liding beam-beam forces. The beam-
beam depolarization can be kept to a
sufficiently low level by operating the
machine somewhat below the tradi-
tional beam-beam limit at the expense
of a slight reduction in luminosity. The
closed orbit spin resonances are not so
easily avoided and peak vertical closed
orbit deviations in-PETRA must be kept
below 3 to 5mm —-a tight but feasible
requirement.

Vertical closed orbit errors may limit
the maximum energy for polarized
electron and positron beams in any
machine to not much more than
30GeV, even with the most refined
measurement and correction techni-
ques. The implications of the ideas

The DESY site now that the PETRA tunnel is
completed.

(Photo DESY)

from Novosibirsk, see page190, will
need detailed study to learn if they are
applicable in the tens of GeV range. In
PETRA it may be necessary to apply
special tricks above about 15GeV to
suppress certain harmonics and to
have a rapid means of polarization
measurement for checking their effec-
tiveness. A laser back-scattering pola-
rimeter is foreseen and the main re-
quirements and performance es-
timates have been evaluated by R.H.
Milburn from Tufts University during a
short visit to DESY. A similar device is
under construction for SPEAR.

Thus, with a little extra effort in the
construction, instrumentation and
operation, electron—positron storage
rings should provide transversely
polarized beams up to around 30GeV.
Various methods have been studied for
rotating the polarization vector parallel
to the beam direction. The PETRA
design already takes into account the
installation of such a facility by the
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choice of a beam height above the tun-
nel floor sufficient to accommodate
the necessary vertical bending. The
longitudinal polarization obtainable
with such a scheme will provide a
valuable addition to the physics poten-
tial of PETRA.

The usefulness of longitudinal pola-
rization for physics is not confined to
electron-positron rings. It is of even
greater importance in the proposed
CERN electron-proton colliding beam
projects like CHEEP and the LSR elec-
tron-proton option, where the beam
polarization provides an effective way
of distinguishing between the effects
of the weak and the electromagnetic
interactions in the energy range where
they become of comparable strength.

FERMILAB

Doubler string
tested

As we mentioned briefly in our May
issue, there were successful tests in
April on a string of four, twenty-two
foot long, superconducting dipole
magnets designed for the Energy
Doubler at the Fermilab. This was the
first large scale demonstration of
magnet protection for a supercon-
ducting magnet string and is an impor-
tant step on the way to construction of
the Doubler. Physicists who par-
ticipated in this work were Peter
Limon, George Kalbfleisch, Rae Stien-
ing and Paul Brinkza.

The string was powered to 4.3 kA,
giving fields equivalent to an energy of
1050GeV {1.05TeV) in the Doubler,
and the energy stored in the four
dipoles reached approximately 2 MJ.
Quenches, transitions of the magnet
coils from the superconducting to the
normal state, were induced at this cur-
rent to investigate the characteristics
of the safety system.

The tests have shown that — the
existing pressure relief system is ade-
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quate to prevent damage to the
cryostats during quenches; the stored
energy of four dipoles can be dumped
into an external resistor when a
quench is initiated with safety leads
provided at every quadrupole; the
voltages induced during quenches (up
to 1.8kV to ground) can be held safely
by the coil insulation system; a quench
does not propagate from the point
where it originates to adjacent
magnets; and the magnets do not ex-
hibit any ‘amnesia’.

The static heat load of the magnet
cryostats in the operating string has
been measured to be 8 W per magnet.
Newer cryostats have demonstrated
static heat leaks of about 5W per
magnet. The temperature rise along
the string is between 0.05 and 0.1K.
Vacuum observations in the cold bore
have indicated that the helium leak is
less than 107" torr I/s and that the
hydrogen partial pressure at 4.5K and
1070 torr is so far undetectable.

|

Portent of things to come — the four magnet
string for the Fermilab Energy Doubler that
recently completed successful magnet
protection tests. Other magnets will be added
to make a string of eight dipoles, followed by
installation of eight additional dipoles between
the legs of the support stands for a sixteen
magnet test.

{Photo Fermilab)

In June the string was replaced by
four new magnets. Following tests
with this assembly, four other magnets
will be added and subsequently the
string will be increased to sixteen,
equivalent to half of an Energy Doubler
cryogenic circuit.

Research has continued on the per-
formance characteristics of the cryo-
genic and magnet systems under Dou-
bler operating conditions. These tests’
are also being used to develop hard-
ware and software for monitoring
Doubler operation using the present
Fermilab accelerator control system.

At a Users Meeting in May, the
Laboratory Director Bob Wilson, in-
troduced the words ‘Tevatron’ to
describe the conventional ring plus
Doubler complex and also speculated
as to the maximum energy proton
machine which could be incorporated

on the existing Laboratory site — a
2.5TeV synchrotron dubbed the
‘Celestron’.




Graph of beam intensity in the four components
of the KEK proton synchrotron during the past
three years. The intensity is plotted as
percentages of the design values. The main ring
is designed to deliver 2 x 10'? protons per
pulse.

Meson Lab upgrade

The Meson Area at Fermilab was
committed to construction while the
Fermilab machine was still a 200GeV
project. Since then the Meson Labora-
tory staff has exercised its ingenuity
and powers of persuasion to coax the
switchyard line to 400GeV and then
the M1 and M2 charged beams along
with the M3, M4 neutral beams to
match the switchyard energy. Recently
a major effort was launched to imple-
ment the design parameters of the M2
diffracted proton beam which called
for targeting 10'° protons per pulse in
the Detector Building.

In April the design intensity was
reached during the running of a di-
muon experiment carried out by
Northeastern University. Radiation
measurements around the shield in-
dicate the beam can be routinely
targeted at intensities up to 10"

protons per pulse. Proposals being
submitted for the June Program Ad-
visory Committee meeting in Aspen
are already reflecting the usefulness of
this new facility for exploring the cur-
rently popular high transverse momen-
tum regions.

Further down the line, the Meson
Area target train is being revamped to
provide greater flexibility in targeting.
A new target holder with a greater
choice of targets is being built. An in-
genious system of magnets devised by
John Elias and Alan Wehmann will be
added to the train upstream of the
target. It makes it possible to vary the
angle with which the proton beam
strikes the target, without changing
the position of the beam on the target,
by turning a single knob.

By steering the beam towards either
the M1 or M6 beam line, experimen-
ters in those beam lines may be able to
obtain up to 10° pions per pulse. This
will make a new range of physics ac-
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cessible in these beams. Alternatively,
the protons may be steered away from
M1 or M6 to increase the number of
‘minority’  particles  (kaons, an-
tiprotons) in the beam. With these
changes M2 will have gained several
orders of magnitude in intensity, while
M1 and M6 will have gained an order
of magnitude and a new capability for
minority particle physics.

In the future a Mark Il target train
will be constructed with compatibility
for 1000GeV targeting. This will in-
clude the option of targeting at 0° in
either M1 or M6.

For the more distant future, the
Meson Department has initiated de-
velopment of a three-magnet super-
conducting beam line module. Using
Energy Doubler dipoles and an existing
Helium Liguefaction Facility, the
equipment and techniques are being
developed to install and operate such
magnets on a routine basis in experi-
mental area beam lines. Several such
modules will eventually be installed in
M®6. This would raise the energy for M6
to about 600 GeV and result in a very
large saving in power, since M6 is a
particularly complex beam. Installation
of the superconducting version of M6
is planned for early 1979.

KEK
Synchrotron
performance

In March 19786, the proton synchrotron
at the KEK Laboratory in Japan
achieved the energy of 10.4 GeV beam
and since then effort has concentrated
on improving control of the main ring
power supply and the r.f. system.
When 10 GeV was reached for the
first time, an analog control system
was used to produce the pattern of the
main ring magnetic field. It was far
from adequate and lost the flat top at
the end of the pulse because of too
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Beam profile (radial direction) in the KEK
synchrotron during the acceleration cycle. The
signals are picked up every 5ms. Injection,
acceleration, flat top and the time for the fields
to fall back to injection level each take 500 ms.

small a correction for magnet satura-
tion at energies over 9 GeV. This
analogue system was replaced by a
digital control system, with a mini-
computer, which worked successfully.

On 23 December 1976, KEK suc-
ceeded in accelerating protons up to
11.8 GeV. The maximum beam inten-
sities achieved so far from the main
ring are 2 x 10" protons per pulse
when a single pulse from the booster is
injected and 8.2 x 10" ppp when nine
pulses are injected.

The construction of a new 500 MeV
beam line started in August of last year
to enable the booster beam to be used
for research in various fields such as
neutron diffraction experiments, pion
and muon physics and cancer therapy.
The booster is operated at a repetition
rate of 20 Hz .while the main ring,
whose diameter is nine times that of
the booster, is operated at a repetition
rate of 0.5 Hz. The main ring can ac-
cept only nine pulses every two sec-
onds out of forty booster pulses.
Therefore about thirty pulses every
two seconds (1.2 pyA on average) are
available for other research by ejection
down the new beam line.

The machine was shut down from
August to October of last year to allow
the construction of this new beam line.
It is now almost complete and a
budget for neutron diffraction experi-
ments has been approved.

FRASCATI
New vector meson

The three detection systems in opera-
tion on the electron-positron storage
ring, Adone, at Frascati have seen a
resonant structure at an energy of
1820MeV with a width of about
40MeV.

The detection systems are in many
respects complementary and consist
of awide solid angle detector with high

efficiency for gamma detection (called
gamma-gamma 2), a solenoidal mag-
netic spectrometer with wide gap
spark chambers and shower detectors
(MEA) and a system of co-axial hodo-
scopes of scintillators covering a wide
solid angle (baryon-antibaryon).

The new resonance has been
detected during a survey of narrow
structures in the electron-positron
cross-section which has been under
way at Adone since last year. The
1700 to 1950MeV centre of mass
region has been explored in the periods
of September-October 1976 and
February-March 1977. The three
systems have collected a luminosity of
236 nb™" in this region and detected a
total of 1425 events with not less than
three charged particles {and a gamma)
in the final state.

The observed structure is a can-
didate for one of the vector meson
recurrences which should be located in
the energy interval explored at Adone.
Further analysis on the data are being
performed, in order to identify the
nature of this new vector meson. The
groups involved belong to the Labora-
tori Nazionali di Frascati and the INFN,
Sections at the Universities of Naples,
Padua, Pisa and Rome and of the
Istituto Superiore di Sanita.

NOVOSIBIRSK
Polarization studies

and experiments
on VEPP-2M

Investigation of the polarization of
electrons and positrons in storage
rings began at Novosibirsk in 1965.
The mechanism of radiative polariza-
tion, discovered earlier for homoge-
neous fields was studied theoretically
in detail and it was shown that the in-
teraction of the particle spin with
radiation is not essentially affected



The new 500MeV beam line at the KEK
synchrotron looking upstream. The beam line
will take protons from the booster, which are
not needed for injection into the main ring, and
will use them in neutron and meson physics and
for cancer therapy.

(Photo KEK)

One of the signals gathered on the Adone
electron-positron storage ring at Frascati
indicating a new vector meson at 1820 MeV.
The three detection systems at the storage ring
have all seen similar signals.
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when the fields are inhomogeneous, as
they are in storage rings. However, a
depolarizing effect appears due to the
stochastic orbital motion of the parti-
cles caused by quantum fluctuations of
the synchrotron radiation.

A second series of papers, from
1969, was devoted to the control of
the polarization, especially with a view
to obtaining longitudinal polarization
of colliding beams. In 1970 a theory of
spin motion was developed for fields
which are arbitrarily changing their
direction and value along the beam or-
bit. It was shown that, by switching
special fields in the straight sections, it
is possible to obtain the necessary
polarization direction at the interaction
point, in just as stable a way as
transverse polarization in the usual
storage ring vertical field. Specific ex-
amples to obtain longitudinally polar-
ized beams have been considered, in-
cluding colliding beams with either the
same or opposite helicities.

The study of spin dynamics in com-
plicated magnetic fields opens a new
approach to the problem of polariza-
tion conservation during acceleration.
This is especially topical for high
energy polarized protons. It turned out
that by switching sufficiently strong
longitudinal fields or special transverse
fields in the straight sections, the
depolarization connected with cross-
ing spin resonances can be completely
eliminated.

The development of a spin diffusion
theory in the resonance region, as well
as investigation of polarization stability
for colliding beams, could prove very
important for subsequent applications.

Recently, the stability of radiative
polarization at very high energies has
been considered, taking account of
specificity of particle motion in a
storage ring and of radiative effects. As
a result, it seems possible that experi-
ments with polarized electron-positron
colliding beams could be performed at
energies up to hundreds of GeV with
optimal tuminosity.
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Experiments which proved radiative
polarization of beams started in
Novosibirsk in 1970, first on VEPP-2
and later at VEPP-2M. The degree of
polarization was measured by a new
method suggested in the Institute con-
sisting of detecting elastic scattering
of the particles inside a bunch.

A jump in the counting rate is
observed after rapid beam depolariza-
tion, using a noise-modulated high fre-
guency longitudinal magnetic field re-
sonant with a spin precession fre-
quency. The limiting value of the pola-
rization measured by this method was
close to the theoretical value of 92 %.
This indicates how small the depolar-
izing factors outside the spin reso-
nances are. It was later shown that a
number of resonances with betatron
oscillations of first and second order
could be crossed without destroying
the polarization.

The proposal to use a longitudinal
magnetic field for resonance stabiliza-
tion has been studied on VEPP-2M
near an integer resonance, when a fre-
guency of anomalous spin precession
equals a resolution frequency. Measu-
rements showed that this method
eliminates the depolarizing effect of a
strong resonance even if it is crossed
slowly.

By the technique of detecting elas-
tically scattered electrons and posi-
trons from inside bunches, it was
shown that the polarization of colliding
beams does not differ from that of a
single beam in the usual range of cur-
rents. The achieved luminosity of po-
larized beams was 2 x 10%° per cm?
per s. In 1975-76, two experiments
with polarized electrons and positrons
were performed to study anisotropy of
muon and kaon production.

Observation of rapid resonance de-
polarization of the beam makes it pos-
sible to measure the spin precession
frequency of a particle which, for a
relativistic particle, is proportional to
its energy. This fact may be used for
precise absolute calibration of the
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average energy of the particles in a
storage ring. At VEPP-2M such cali-
bration was used for very accurate
measurements on the phi mass, on the
sum of the kaon masses and for acom-
parison of electron and positron ano-
malous magnetic moments as
described below.

Physics results from VEPP-2M

Experiments on VEPP-2M started early
in 1975, VEPP-2 is used as a booster
to inject electrons and positrons at the
energy required for the experiment.
Additional filling takes place every 10
to 15 minutes providing continuous
runs with an average luminosity close
to the maximum. VEPP-ZM has
three low beta straight sections.
Luminosities-at different energies are
— 0.02 x 10% per cm? per s at 200
MeV per beam, 0.25 x 10% at 380
MeV, 1.3 x 10°°at 500 MeV, 1.5 x 10%°
at 620 MeV and 1x 10%® at 670 MeV.

In autumn 1974 the first detection
system — OLYA — was installed. It
consists of four identical guadrants
surrounding the interaction region and
covering a solid angle of 0.64 of 4 m.
Each quadrant has four 2-coordinate
wire chambers with core memory and
gight scintillation counters, four of
which are used for triggering (the
energy threshold for pions is 45 MeV),
while the other four form a scintillation
sandwich with lead, to distinguish
between electrons and mesons. Time-
of-flight between counters of opposite
quadrants is used to suppress cosmic
ray background.

The first experiment with OLYA was
a search for narrow resonances. The
energy interval from 760 to 1340 MeV
was scanned in 0.5 to 1.0 MeV steps.
The integrated luminosity per point
was 200 to 300 per microbarn. No
narrow resonances were found, in the
two pion plus neutrals’ system, larger
than 100 eV.

From 900 to 1340 MeV events with
two and four pions were studied. Max-

imum deviation of the experimental
values of the pion form factor from the
Gounaris-Sakurai curve was observed
at 1200 MeV close to the predicted
rho prime (1260 MeV) meson. How-
ever it is considered premature to in-
terpret these results as observation of
rho prime production. Analysis of the
glastic channel of electron-positron
annihilation must also take into ac-
count the inelastic channels whose
contribution to the pion form factor
may be of the order of the observed ef-
fect.

The OLYA detector was also used to
measure the excitation curves of the
phi meson in the two kaon and three
pion channels with an integrated lu-
minosity of 40 per nanobarn. After
data processing, 2732 events of K K
and 949 of three pions have been
selected. For precise determination of
the phi mass an absolute calibration of
beam energy was performed using
resonance depolarization as men-
tioned above. The calibration accuracy
was 107 and this set the phi mass at
1019.50 £ 0.13 MeV.

A shift of the resonance peak in the
three pion channel allowed a deter
mination of the relative phase of the
omega-phi interference which is sen-
sitive to a model of SU{3) violation. The
data confirms the Orsay results giving
evidence for opposite signs of the
omega and phi corresponding to the
mass mixing model.

Another experimental straight sec-
tion of VEPP-2M was used to measure
the average mass of the two charged
kaons. It was performed at the phi
meson energy. As the kaon kinetic
energy constitutes only 1.5% of the
total energy, photo-emulsions can be
used to provide high accuracy mass
determination. The beam energy was
calibrated to 2 x 107® and analysing
about 300 events gave the following
result: mass of the K* plus the mass of
the K™ is twice 493.670 + 0.029 MeV.

The observation of resonance de-
polarization, mentioned at the begin-



ning of this article, has also allowed a
precise comparison of the anomalous
magnetic moments (AMM) of the
electron and the positron in VEPP-2M.

In the absence of transverse electric
fields in a storage ring, electrons and
positrons have a common equilibrium
orbit and strictly equal average ener-
gies. Electron and positron spins then
move in the same average magnetic
ield and any difference in their AMM
would result in a difference in the fre-
guencies of their spin precession. Fre-
quencies were measured at the mo-
ment of each beam depolarization by a
jump in the counting rate of counters
which detected elastic scattering in-
side each bunch.

The accuracy to which a difference
in frequencies of the electron and
positron depolarization could be deter-
mined was limited by the reproducibi-
lity of the magnetic field as well as by
the width of the frequency spectrum of
the spin motion. Both beams were
seen to be depolarized simuitaneously
and any possible difference in
depolarization frequencies is less than
1078 confirming the equality of AMM

’)f electron and positron with the same
accuracy. This result is two orders of
magnitude better than previously
achieved.

ARGONNE
Record beam polariza-
tion and intensity

Polarization of the 11.756GeV/c pro-
ton beam in the Argonne Zero Gradient
Synchrotron (ZGS) has now reached
nearly 70 %, following careful,
systematic studies during the April-
May operating period. Only about 5%
depolarization now occurs during ac-
celeration from injection all the way to
the full ZGS energy. A record polar-
ized beam intensity of 4.2 x 10
protons per pulse was also achieved.

The VEPP-2M electron-positron storage ring at
Novosibirsk which has been used for some
novel work on beam polarization and for some
refined physics experiments.

{Photo Novosibirsk)

The increase in the intensity of the beam in the
Argonne Zero Gradient Synchrotron during the
months for which the machine has been
operated for polarized protons. The growth of
intensity has been roughly exponential,
although there seems to be a break in the curve.
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A dimuon event recorded in the large detection
system of the CERN / Dortmund / Heidelberg /
Saclay collaboration set up in the neutrino
beam from the SPS.

1. The event seen from the direction of the
neutrino beam end-on to the detector. The drift
chamber readings are picked out as crosses and
show one muon, after passing through several
chambers, exiting from the detector on the left,
while the other curls round in the magnetic
fields and passes all along the detector.

2. The same event as viewed from the side of
the detector. The same information on the
trajectories of the two muons can be seen.

70% polarization was achieved at
6 GeV/c during 1974 but, during the
first 11.75GeV/c operation in February
19786, there was a 25 % depolarization
in going to the full ZGS energy. In the
recent machine studies, the main
cause of depolarization between 6 and
11.75GeV/c was found to be imper-
fection depolarizing resonances, which
are caused by horizontal fields due to
misalignments or imperfections of the
synchrotron magnets. While these
resonances were known to be very
serious in a strong focusing syn-
chrotron, they were expected to be in-
significant in the weak focusing ZGS.
However, while each resonance typi-
cally causes only a 1% depolarization,
twenty-two are passed in accelerat-
ing to 11.756 GeV/c giving a large
depolarization.

These resonances can be corrected
by applying a small pulsed horizontal
field of a few Gauss which exactly
cancels the effect of the imperfection
fields. These fields are so small that
only the beam polarization itself is sen-
sitive enough to measure them.
Moreover, since each resonance
causes only a 1% polarization loss,
which is difficult to measure precisely,
it is hard to determine the exact correc-
tion field which removes all depolariza-
tion.

These corrections were finally made
using a depolarization enhancement
technique developed by an Argonne/
CERN/Michigan accelerator research
team while they were simulating

strong focusing depolarization effects
at the ZGS during the Summer of
1976. The depolarization is enhanced
by slowing down the acceleration cy-
cle near the resonance. Using this
technique, 19 of the 22 imperfection
resonances were carefully corrected
permitting the polarization to reach
70 %.

The remaining depolarization of
about 5% may be due to the intrinsic
depolarizing resonances. These very
strong resonances, which can totally
destroy the polarization, are passed by
quickly shifting the ZGS tune using
pulsed gquadrupoles with a very fast
rise time. It has been shown, both ex-
perimentally and theoretically, that
decreasing this rise time reduces the
remaining -depolarization. However,
these pulsed quadrupoles are now
operating at their limit. Plans are under
way to upgrade them, which may in-
crease the polarization further to
almost the 75 % which is present at in-
jection. This may also improve the
polarization stability which sometimes
becomes a little strained during
Midwestern thunderstorms.

The polarized beam intensity in-
crease was mostly due to improve-
ments in the polarized ion source and
the low energy beam transport line.
The stability and reliability of the
source has also improved and on many
days the 24 hour average intensity was
3 x 10" per pulse. The April-May run
is the eleventh consecutive polarized
beam operating period during which a

new intensity record has been es-
tablished.

CERN
More on muons

In recent months we have carried two
important muon stories — the dis-
covery of trimuon events at Fermilab
and the measurement of the muon
magnetic moment at CERN to a new
level of accuracy. We can add more to
both stories.

World statistics on muon production
in high energy neutrino-nucleon in-
teractions received a tremendous
boost when the CERN / Dortmund /
Heidelberg / Saclay collaboration at
the SPS, led by Jack Steinberger, an-
nounced its first batch of results.

In 55000 examples of muon
production using neutrinos, 256
events were seen with two muons of
opposite sign, 43 with two muons of
the same sign, and just 2 with three
muons. The corresponding figures in
12000 examples of muon production
by antineutrinos were 40, 6 and 1
(although the group has reservations
about this last observation and prefers
to call it a ‘half-event’).

The dimuon statistics show a
marked asymmetry — one muon nor-
mally being much more energetic than
the other. Also, the higher the energy

1 2 3 4 5 6 7 8 910111213141516171819
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of one muon, the greater the angle
between it and the second. This,
together with the limited amount of
observed transverse = momentum,
points to an explanation where one
muon is produced leptonically while
the other is the result of the decay of a
charmed hadron.

The results are in broad agreement
with what would be expected on the

Ibasis of a charm quark / parton model.
The charmed qguark component of the
produced hadron arises partially (total-
ly in the antineutrino case) from the
quark-antiquark ‘sea’ of the target
nucleon and one interesting prediction
to emerge from the experiment is that
there must be about 30 times as many
valence quarks as there are ‘sea’
guarks at any time.

Dimuon events of like sign are con-
sistent with a background attributable
to concurrent decays of pions and
kaons, although a few of these events
could be unaccounted for.

The two trimuon events seen in
neutrino interactions have very dif-
ferent characteristics, while in the
single event ‘'seen’ with antineutrinos,
jone of the muons only had time to
cross two drift chambers before escap-
ing. In general, bona fide muons have
to cross four drift chambers to qualify
for inclusion in the statistics.

As well as measuring the anoma-
lous magnetic moment of the muon
very accurately (see May issue, page
148), experiments at the CERN muon
storage ring have come up with the
most precise determination so far of
the lifetime of the negative muon and
have confirmed that relativistic time
dilation is exact.

Because of special relativity, a fast-
moving muon appears to live much
longer than a stationary one. In the
CERN experiments, the speed of the
muons is such that they live for more
than 60 ps. Knowing the muon speed,
the special relativity formula can
be applied to give the corre-

The wealth of data on dimuon events collected
in the neutrino experiment, is evident in this
graph. It plots the angle between the two
muons, in the plane perpendicular to the
incident neutrino or antineutrino, as a function
of the energy of one of the muons. The higher
the muon energy, the higher the angle is likely
to be. This muon is correlated with the hadron
shower coming from the interaction at 180°
and seems to be clearly of hadronic origin
{probably the decay of a charmed particle). The
other muon is probably produced leptonically
by a ‘conventional’ interaction.
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sponding lifetime at rest — a mere then these distances must be less than

2.1948 microseconds for the nega-
tive muon.

This agrees with previous measure-
ments on static muons to within 0.2 %,
and provides the most accurate test so
far of the wvalidity of the special
relativity time dilation equation. It had
been suggested by some people that
special relativity might run into trouble
at very small distances but the CERN
experiments show that, if this is so,

a hundredth of a fermi!

The lifetimes at rest of positive and
negative muons are found to agree to
within 0.2 %, effectively confirming
that CPT is holding good for weak in-
teractions.
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Physics monitor

Jet set

Proton-proton scattering experiments
at the CERN ISR and at Fermilab now
show all the signs of highly inelastic
collisions between small, hard objects
hidden deep inside the protons. This is
analogous to the classic experiment of
Rutherford which showed for the first
time that the nucleus is a small object
hidden deep inside the atom.

If a target appears uniform to a
beam of particles being thrown at it,
the resulting scattering will look very
much like a diffraction pattern with a
central maximum and with an intensity
dropping off sharply at wider and wider
scattering angles. However if the
target has some small impenetrable
points buried in it, occasionally one of
the particles from the beam will hit one
of these points head-on and will
bounce off at a very wide angle, pos-
sibly even backwards. Such wide angle
scatterings are not to be expected from
a ‘grey’ target of even density and are
immediately indicative of some deep
inner structure.

In the same way, if a proton presents
a uniform target to an incoming beam,
it should show a diffraction-like pat-
tern of elastic scattering which would
be a measure of the overall extent of
the proton. This is indeed the dominant
phenomenon at the ISR and in 1972 a
diffractive minimum was observed for
the first time in proton-proton scatter-
ing.

The existence of a substructure
within the proton was first noticed on
the electron linear accelerator at Stan-
ford in high energy electron-proton ex-
periments and was confirmed later at
CERN in neutrino experiments using
Gargamelle. These investigations gave
the first information on the structure
inside the proton, proposed by
Feynman and others as being due to
pointlike constituents called ‘partons’.

The idea of parton constituents has
more than a passing resemblance to
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the quark model and the neutrino
measurements made using Gargamel-
le enabled these two pictures of proton
structure to be reconciled. While the
quark model gives the intrinsic proper-
ties of the proton constituents (spin,
charge, etc.), the study of deep in-
elastic scattering gives the momentum
distribution of the constituents —
something which the quark model is
unable to predict.

So, when probed in deep inelastic
electron as at Stanford or in neutrino
scattering experiments at proton La-
boratories, the proton no longer beha-
ves (under the influence of the electro-
magnetic force or of the weak force) as
a solid particle with dimensions of the
order of 1 fermi but as a collection of
small, solid, quark-like objects.

But what happens in strong interac-
tions ? In 1972, experiments at the ISR
showed that they too can produce
energetic particles at wide angles to
the original beam, showing that the
proton has a grainy inner structure for
strong as well as electromagnetic and
weak interactions. When these grains
hit each other and interact as in the
ISR, then the sparks really fly ! Actually
the grains must sometimes hit each
other at lower energies, but it is only at
higher energies that the interaction
really becomes noticeable.

The big question is whether these
strong interaction effects are produced
by the same quark / parton con-
stituents as are responsible for the
high momentum transfer phenomena
seen in lepton-proton scattering ? This
is proving difficuit to answer, partly
because of the difficulty of sorting the
grain interactions from-the rest of the
hadronic debris.

If nothing else were happening, the
results of a deep scattering between
two inner proton constituents should
result in two coplanar ‘jets’ of second-
ary particles shot out at large angles to
the incident beam direction and fairly
well collimated along their directions
of motion. These ‘jets’ need not neces-

sarily be opposite each other. It they
are the result of incoherent scattering
of proton constituents, they will be op-
posite only in the centre-of-mass
frame of the constituents, which is not
necessarily the same as the proton-
proton centre-of-mass system.

In practice the situation is blurred by
the more usual types of strong interac-
tions and early experiments at the ISR
such as those of the Pisa / Stony Brook
and Aachen / CERN / Heidelberg /
Munich collaborations found it difficult
to distinguish between wide angle
scattering and everything else which
was going on. Then experiments using
double arm spectrometers, such as
those of the CERN / Columbia /
Rockefeller / Saclay collaboration, dis-
covered that the observation of one
secondary particle with large trans-
verse angular momentum made it
much more likely that other large
transverse angular momentum parti-
cles would be picked up, both in the
direction of the trigger particle and in
the opposite direction.

Pioneer work by these collaborations
together with observations by the
CERN / Columbia / Rockefeller /Saclay/.
Strasbourg and British / Scandinavian
groups paved the way for the first
reports of evidence for definite jet
structure by a CERN group using the
Split Field Magnet at the ISR. Sup-
porting evidence is now coming from
the CERN / Collége de France /
Heidelberg / Karlsruhe and British /
French / Scandinavian collaborations.

The components of the jets are con-
fined not so much in angle but more in
momentum. The observed particle
momenta perpendicular to the jet axis
is limited but is fairly independent of
the jet momenta. This means that par-
ticles with only a small component of
momentum along the jet axis can still
move off at a large angle to the axis. To
take this into account, and to get over
the difficulty of the jets not necessarily
being back-to-back, experiments have
to try to measure momenta over as
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1. The theoretical picture of meson-baryon
scattering as it was seen in the mid '60s. Both
diagrams had to be included in any calculation,
although the resonance was supposed to be a
good low energy approximation and the
exchange was good for high energy reactions.

wide a solid angle as possible. This has
only lately been achievable at the ISR
with the help of special instrumenta-
tion like the Split Field Magnet.

This technique together with the use
of high momentum triggers has now
enabled ISR teams to isolate the wide
angle scattering products. Further
progress will be made by using higher
momentum particles as triggers,
eliminating as much as possible of the
unwanted hadronic background, and
by determining as much as possible
about as many secondary particles as
possible.

It is too early to say whether these
constituents which cause the jets are
definitely the same quark / partons
seen in lepton-nucleon scattering and
which also characterise hadron forma-
tion in high energy electron-positron
collisions. The form of the interaction
between the constituents is also not
known, although theorists make sure
that there is no shortage of candidate
mechanisms, many of which account
for different aspects of the observed
behaviour. The rich structure seen in
ISR experiments has still to be fully ex-
iplored.

Complementary experiments at Fer-
milab capitalise on the different ex-
perimental techniques available there
and shed additional light on the
problem. In particular, the intense inci-
dent beams enable higher momentum
transfers to be monitored. The results
show a strong excess of positively-
charged secondary particles, which is
just what would be expected from the
quark constituents of the proton (two
positively charged quarks and only one
negatively charged).

Fermilab experiments also use pion
beams to study large momentum
transfers, and it is found that pions are
more adept than protons at producing
wide angle scattering. This could be
because the pions, with only two quark
components instead of three, are able
to produce constituent-constituent in-
teractions where a larger fraction of
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the momentum is available.

A particle with high transverse
momentum can be produced in a
number of ways. Either it is one of
several coming from a jet with very
high transverse momentum indeed, or
it can be the lead particle in a jet where
most of the transverse momentum has
been given to one particle.

If, as at the ISR, the wide anglescat-
terings are monitored by looking for
outgoing single particle triggers with
large transverse momentum, then the
second . mechanism is detected in
preference to the first. This means that
much valuable information is being
lost and is known in the trade as ‘trig-
ger bias’. To overcome this problem,
experiments at Fermilab have col-
lected all the energy coming off in a
definite solid angle and have been able
to trigger on a whole jet, as opposed to
a single particle. This has boosted the
observed transverse momentum yield
by a factor of about 100.

Rutherford’s epic experiments with
alpha particles which gave us the first
indication of the nuclear atom marked
only the beginning of a long road of in-
vestigation into nuclear structure. If
the inner structure of the proton proves
as difficult to unravel, many models
will come and go and many more ex-
periments will have to be done before
we begin to understand what is going
on. .

Just a few years ago, physicists
thought that very high energies could
bring simplicity to strong interactions.
This could still be possible, but it looks
as though it is the logarithm of the
energy, and not the energy itself,
which needs to be large ! However, if
the detection techniques can be made
sophisticated enough, then looking at
large momentum transfers might be
the place where hadron physics starts
to become simple, with the exchange
of gluons between quarks providing
the basic interaction. We have travel-
led very deep into the proton since
Rutherford showed us the way.

Baryonium explained ?

The appearance at CERN of two
narrow proton-antiproton resonances
is giving additional inspiration to
theoreticians who have long been
worrying about their picture of
baryon-antibaryon interactions.

Ten years ago, people used to think
of meson-nucleon interactions as
either the result of an intermediate
nucleon resonance decaying back into
a nucleon and a meson, or as the result
of the exchange of some meson
between the two particles.

Then D. Horn, C. Schmid, G.
Veneziano and others showed that
these two mechanisms are really dif-
ferent disguises of the same basic in-
teraction. This ‘dual’ picture of the
meson-nucleon interaction can be re-
presented by ‘duality diagrams’ where
some of the participating quarks go
straight through while others are ex-
changed. This way baryon resonances
and exchanged mesons occur simul-
taneously.

Although fine for the meson-meson
and meson-nucleon interactions, this
attractive picture breaks down for the
baryon-antibaryon case. Duality dia-
grams here have to include interme-
diate states or exchanged mesons con-
taining two quarks and two antiquarks.
Until recently, these ‘exotic’ quark con-
figurations did not correspond to
anything that had been discovered.
Application of duality ideas to baryon-
antibaryon interactions was, therefore,
frequently referred to by ominous
names like the 'Rosner Paradox’ or the
‘Duality Catastrophe’.

Since then, theoreticians have been
hoping that the experiments would
come up with something, and have in
the meantime been polishing up their
models of baryon-antibaryon interac-
tions.

When the duality model was first
proposed, people were not too con-
cerned about quark ‘colours’ {of which
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we believe there are three varieties)
and concentrated only on their flavours
{(of which we know four varieties —
up, down, strange and charmed). As a
result, their duality diagrams did not
show whether the two particles simply
scattered off each other or whether
they annihilated into mesons.

When colour is brought into the pic-
ture, the difference between the two
cases soon becomes clear. The duality
diagram has to be extended by giving
each baryon a colour-type degree of
freedom. This brings a very different
meaning into the diagrams in spite of
the identical flavour structure. The first
one (scattering) has exotic single parti-
cle intermediate states, while the sec-
ond (annihilation) has just multi-
meson intermediate states.

However the original problem still
remains: where are all the ‘exotic’
mesons ? Peaks, which might be the
answer, are seen in proton-antiproton
experiments but these phenomena are
usually very broad, typically extending
over some 200 MeV. The first really
narrow resonance in the proton-
antiproton system was investigated in
a bubble chamber experiment by the
CERN / Liverpool / Mons / Padua /
Rome / Trieste collaboration. There
had been signs of it at Brookhaven
even before this. It has a mass of
1936MeV and a width of just 9MeV.

Now a CERN / Collége de France /
Ecole Polytechnique / Orsay collabora-
tion working with the Omega spectro-
meter has made a thorough investiga-
tion of the interaction of a negative
pion with a proton which gives a fast
proton, p., shooting forwards. Iden-
tifying this fast particle on-line pro-
vides a very selective trigger for the
spectrometer.

Among many other channels, the
collaboration has studied the reaction
™p > parpp. In the final state proton-
antiproton system, two narrow reso-
nances have been found, both with
widths of the order of 20MeV and ap-
pearing at both 9 and 12GeV/c pion

198

2. Duality diagram for meson-baryon
scattering when the quark composition is
invoked. An exchanged meson and an
intermediate baryon resonance occur
simultaneously.

3. Duality diagram for baryon-antibaryon
scattering. Although an exchanged meson
occurs as for the meson-baryon case, the other
intermediate state (seemingly a four quark

system which is indicated by a question mark)
is worrying.

4. Extended duality diagram for baryon-
antibaryon interactions, showing the direction
of colour flow (dotted lines). The first case
(scattering) has exotic single particle
intermediate states, while the second
(annihilation) has multimeson intermediate
states.

9 Annli hi \atlion

beam momentum. Moreover the re-
sonances, occurring at 2020+3 MeV
and 2204+5MeV, are seen mainly in
association with A° {1232) and N°
{1520) production in the pr system,
with the A° and N° coming off
forwards and the proton-antiproton
resonances coming out backwards.

The theorists are predicting the ex-
istence of many such states with nar-
row widths, high spin values (higher
than S=3) and a tendency to decay
into a baryon-antibaryon pair plus
mesons. In analogy with the electron-
positron system called positronium
and with the now familiar charmonium
picture of the J/psi family, these new
states are called baryonium.

They are also predicting that the
quantum numbers of baryonium states
can be exotic, and could show up in
further experiments using deuterium
targets. In a picture where mesons and
baryons are made up of quarks tied up
with strings, baryonium can be made

up of higher order diagrams with three
strings joining together.

Do quark stars exist ?

These days theorists are giving a lot of
attention to the problem of the non-
appearance of isolated quarks. Even
though the quark picture explains
many different aspects of particle
behaviour, nobody has convincing
evidence for a free quark and much
theoretical work, involving such exotic
things as bags, strings, solitons, etc...
has attempted to explain why (see for
example the December issue 1975).

One answer might be that quarks, at
least under normal laboratory condi-
tions, can’t exist in a free state and
have to be permanently confined in-
side nuclear matter. Perhaps the at-
tractive force between the quarks
grows dramatically as the quarks move
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5. Quark/string structures for meson (a),
baryons (b) and ‘Baryonium’ (c) where baryon
and antibaryon are in combination.

away from one another. However at
very high densities with quarks packed
closely together, such mechanisms,
which confine quarks and make sure
that nobody sees them, might no
longer dominate and matter could
behave like a gas of free quarks. The
transition point at which quarks are
freed must occur at densities higher
than those normally encountered with
baryon states under laboratory condi-
tions.

Neutron stars or stable cold stars
could provide densities high enough
for free quarks to exist, but initial
calculations using the ‘quark bag’ pic-
ture showed that neither of these alter-
natives were probable. New calcula-
tions by George Chapline and Michael
Nauenberg using notions of quantum
chromodynamics and general relativity
suggest that a new regime of cold stars
— possibly formed as a result of the
collapse of neutron stars — could exist
and consist mainly of free quarks.

The model, in principle, aliows free
quarks to exist both in neutron stars
and in other bodies where matter has
been compressed to higher densities
than exist in neutron stars, so that
there would be a smooth transition of
quark matter from neutron stars to
higher density stars.

Chapline and Nauenberg point out
that the parameters required to enable
free quarks to exist inside neutron stars
do not look physical, and propose in-
stead that free quarks can exist in a
new type of cold star, where matter
has been compressed even more than
in neutron stars. And if such quark
stars do exist, how on earth (literally)
will we observe them ?

Still on quarks, here is an enter-
taining thought from Jogesh Pati and
Abdus Salam. They suggest that one of
the first people to hit on a possible
solution to the problem of the non-
appearance of quarks was Archi-
medes. Their model of partial quark
confinement is therefore dubbed ‘The

Archimedes Effect’ in honour of the
Ancient Greek who loved to ponder on
matters of the moment while sup-
ported in part by the mass of water he
displaced.

Just as Archimedes was lighter and
freer inside his bath than outside it, so
Pati and Salam surmise that quarks
and gluons, massive and elusive to find
as isolated particles, are relatively light
and free inside hadrons. This
hypothesis of partial confinement,
which is also part of the SLAC bag
theory of quark containment, is
nothing new in physics. Apart from
Archimedes, other examples of bodies
behaving effectively as free particles
but with effective masses different to
their physical masses occur in the
theory of metals and in models of
nuclear shells.

Pati and Salam admit, however, that
the mathematical treatment of partial
confinement for quarks promises to be
more difficult than that for Archimedes
himself.
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People and things

Project authorizations

The Aladdin project, for a 750 MeV
electron storage ring devoted to
synchrotron radiation research,
promoted by the Physical Sciences
Laboratory at the University of
Wisconsin, received final approval
from the National Science Board on 20
May. Wisconsin has been a pioneer of
this research with nine years of
operation of a 240MeV ring,
Tantalus 1. The new ring will
considerably extend the research
potential.

The process of obtaining
authorization for Isabelle, the 200 GeV
proton-proton storage rings proposed
by the Brookhaven National
Laboratory, has begun in the United
States Congress. Though money for
the project did not appear in the initial
budget, the House Science and
Technology Committee on 11 May
introduced legisfation for a partiai
authorization of $10.5 million for
Fiscal Year 1978 (beginning on 1
October 1977) to be included in the
ERDA budget. Several further steps are
needed prior to the passage of the
necessary bill by the House and Senate
but the process of obtaining approval
has begun.

ECFA ep Study Week

A Study Week, covering both the ac-
celerator technology and the physics
potential of large electron-proton col-
liding rings, is being organized by the
European Committee for Future Ac-
celerators with the support of the
Rutherford Laboratory. It will be held
from 10-15 October at a residential
College located near Rutherford and
the format of the meeting will be
similar to that on electron-positron col-
liding rings organized by ECFA at
DESY, which proved very successful.
There will be a mix of general talks and
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detailed work on various topics by
smaller working groups. A total of
seventy can be accommodated at the
College and physicists interested in
participating should contact John
Thresher at the Rutherford Laboratory
(Chifton, Didcot, Oxfordshire 0OX11
0QX) not later than 1 August.

Photographing the heart

Techniques used in the data collection
system for the CERN Omega
spectrometer have been applied in an
instrument to study the behaviour of
the heart. The instrument was
developed by the Rutherford
Laboratory and the Oxford Department
of Engineering Science and has been
described in the ‘Journal of
Physiology’. It involves a high
definition TV camera and associated
fast electronics. The behaviour of
isolated heart muscle specimens under
various conditions, such as response to
cardiac drugs, can be measured more
accurately than before by monitoring
displacement of two small (20 um)
pins inserted in a uniform undamaged
part of the muscle.

A ‘radiation camera’ to take three
dimensional pictures of the heart is
under development at the Lawrence
Berkeley Laboratory under Steve
Derenzo with Haim Zakland as
engineer and Tom Budinger as
research physician. It has a detection
system consisting of a ring of 280
crystals, which surround the patient,
able to record positron emissions from
the rubidium-82 isotope (specially
developed at LBL by Yokio Yano for
heart imaging). 9000 measurements
from a 30 ¢cm diameter area can be
taken and, via computer processing, a
sequence of slices through the heart
region can be monitored (tomoscanner
technique — see March issue page
65) to build up three dimensional
images. Labelling amino acids may

also make the brain accessible to the
same technique. The camera is
expected to be operational by October
when all the components of the
system will be assembled together.

EPICS joins HRS

A second large, high precision magnet-
ic spectrometer has been installed at
the 800MeV proton linear accelera-
tor, LAMPF, at Los Alamos. The
installation of the first one, the High
Resolution Spectrometer (HRS), was
reported in the May issue 1976. The
new one, known as EPICS for
Energetic Pion Channel and Spectro-
meters, will be used in experiments on
pion scattering on nuclei and is
designed to give very accurate
measurements (energies to better than
50keV and angles to better than
10mrad) on the pions in the energy
range from 100 to 500MeV. It has a
total weight of about 300 tons
including two 90 ton dipoles. Tests of
the system are now under way and
experiments are due to start in the
Autumn.

On people

On 4 May, V.F. Weisskopf from MIT,
Director General of CERN from 1961
to 1965 and one of its main sources of
inspiration, received the Ludwig
Boltzmann Prize (the first to be
awarded) which was instituted in
1976 on the occasion of the 15th
anniversary of the Ludwig Boltzmann
Society. This highest science award of
the Austrian State is intended to
honour contributions to Austrian
research and research policy. In
presenting the prize, Hertha Firnberg,
Austria’s Minister of Science and
Research, praised Vicky Weisskopf
(‘this eminent Austrian and citizen of
the world’) as a scientist helping to
solve the human and social problems
of our time.



Degrees of Doctor Honoris Causa have
been conferred on two CERN scientists
in recent weeks. On 27 May, Leon Van
Hove, theoretician of high repute and
now Research Director General of
CERN, received the degree at the
University of Helsinki. On 3 June,
Georges Charpak, renown for his
development of new particle detection
techniques, received the degree at the
University of Geneva.

T. Nishikawa has succeeded S. Suwa
as Director of the KEK Laboratory in
Japan. Dr. Suwa led the Laboratory for
the past six years (the maximum
allowed — the office can be held for
three years, renewable once) and now
moves to head the Physics

Department. Dr. Nishikawa’s place as .

head of the Accelerator Department is
taken by T. Kamei (previously leader of
the Control Group). K. Kikuchi, who
was in charge of administration in the
Accelerator Department becomes
Director of the Scientific and Technical
Services Department. A reorganization
in April has created a new Department
grouping technicians and some
engineers under the leadership of K.
Kikuchi. A Programme Coordinator’s
Office was started at the same time
under A. Kusumegi.

On 1 July Robert Sachs, Director of
Argonne National Laboratory, takes
over as Chairman of the Physics
Section of the National Academy of
Sciences for a three year term of office.
The Academy advises the USA
Government on science and
technology.

Betsy Ancker-Johnson has been
appointed Associate Laboratory
Director for Physical Research at
Argonne. Doctor Ancker-Johnson has
had a distinguished career in industry,
education and government service and
moved to Argonne in May from the
position of Assistant Secretary for
Science and Technology in the
Department of Commerce.

Vicky Weisskopf
Leon Van Hove
Georges Charpak
Betsy Ancker-Johnson

AWh~

The 1977 Oppenheimer Memorial
Prize, awarded by the Center of
Theoretical Studies at the University of
Miami, has gone to Feza Gursey and
Sheldon Glashow for their
contributions to elementary particle
physics theory.

Boyce McDaniel, Director of the
Laboratory of Nuclear Studies at
Cornell which carries out research with
the 10 GeV electron synchrotron of the
Wilson Synchrotron Laboratory, has
been appointed Floyd R. Newman
Professor of Nuclear Studies at
Cornell.

Aerogel at DESY

TASSO, one-of the new detectors be-
ing built “for the PETRA electron-
positron storage ring at DESY, will be
equipped with two hadron arms each
containing a three-layer Cherenkov
detector. The innermost layer (to
separate protons, pions and kaons of
momenta above 1.5GeV/c) will con-
sist of aerogel with a refractive index of
7.02 or less. About 2m? of aerogel is
needed and a special laboratory has
been built to produce it. Detailed
studies of production methods are un-
der way, many samples of various
sizes and refractive indices have been
made. Their light transmission was
tested with a laser beam and with
Cherenkov radiation from an electron
beam. Several pieces, 5cm diameter
and 3 to 6 cm long, have extremely low
indices between 1.007 and 1.008.
Transparency and homogeneity are
very good.

MHD magnert at Argonne

With the experience of two large
superconducting magnets for bubble
chambers (the Argonne 12 foot and
Fermilab 15 foot) behind them, an
Argonne team has successfully tested
the world'’s first large superconducting
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Construction of the Mark Il detector at SLAC to
be used initially on the SPEAR electron-
positron storage ring and then on its more
energetic successor, PEP. The photo was taken
during the stringing of the sense wires, about
40 um in diameter, between the field shaping
wires of a drift chamber.

{Photo Joe Faust)

magnet for use in a magnetohydrody-
namic (MHD) generator. Such genera-
tors, which use a stream of high
velocity hot conductive gas rather than
the armature of a conventional
generator, may improve the efficiency
of conversion into electrical power by
as much as 20 %. The Argonne magnet
weighs 45 tons and is about 4 m long
and 2m in diameter. It reached its
design field of 5T in May.

HEP information

The Milan journal ‘Le Scienze’, the
[talian edition of ‘Scientific American’,
has just published a volume entitled ‘Il
Mondo Subnucleare — La Fisica delle
Particelle’ (The Subnuclear World —
Particle Physics). Its twenty papers,
introduced by P. Caldirola and E.
Fiorini, cover two decades of research
and discovery, from the collapse of
parity conservation to the finding of
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the J/psis. A paper by V.F. Weisskopf
(Le Scienze, 1968) on the three
spectroscopies lays the foundation of
this survey together with three classic
contributions to ‘Scientific American’
(1959-1965) from G. Chew, M. Gell-
Mann, A.H. Rosenfeld, S.B. Treiman
and E.P. Wigner. The other papers
have appearedin ‘Le Scienze’ between
1970 and 1977. The volume
represents the most up-to-date
collection of articles in the field
published in Italian. (Le Scienze, S.p.A.,
Milan, 231 pages, A4, 5600 lires.)

The French Institut National de
Physique Nucléaire et de Physique des
Particules (IN2P3) has published a
Textbook on Elementary Particle
Physics” — the first of a series which
under preparation. It is entitled ‘Weak
Interactions” and is edited by M.K.
Gaillard and M. Nikolic. It evolved from
lectures given at the International
School of Elementary Particle Physics

(Basko Polje). Copies are available
from Service des Relations Extérieures,
IN2P3, 11 rue Pierre et Marie Curie,
75231 Parix Cedex 05. 374 pages. 40
FF toindividuals, 60 FF to libraries plus
10 FF postage.

All fives at the Booster

The CERN PS Booster has reached the
5th Anniversary of first acceleration to
800 MeV design energy on 16 June
1972. This has provoked reflections on
the theme of five. There are five
bunches per Booster ring ; the machine
is nursed by five sections (magnets,
power supplies, rf. and kickers,
electronics, controls); it has achieved
several five-fold increases between the
first and fifth years of operation (in
operating hours, in PS intensity, in
vertical and horizontal phase space
density) and a five-fold decrease in
unscheduled downtime. Moving to five
squared — this is the Booster radius in
metres and is the number of children
born to Booster staff since the start of
construction {a somewhat mysterious
relationship). Moving to root five —
this is the planned increase in
repetition rate and other Booster
parameters which will keep people
busy in the immediate future.

Polarized ions from LAMPF

A polarized ion beam has been
accelerated to 800 MeV for the first
time in the linear accelerator, LAMPEF,
at Los Alamos. Polarized negative
hydrogen ions are drawn from a Lamb-
shift type of source (built by E.P.
Chamberlin). The peak current
achieved in the first tests was 0.2 nA
with a polarization of 76 %. The source
will ultimately yield 0.5 pA of polarized
ions.




The Lawrence Berkeley Laboratory of the University of
California and the Stanford Linear Accelerator Center,
sponsors of

PEP

the Positron-Electron Colliding-Beam Storage Ring Project
at Stanford, California, invite applications for the following
engineering positions in the design and construction of ap-
paratus to support the planned experimental physics
program:

— Mechanical Engineers experienced in the design of
magnets, magnetic detectors, cryogenic or supercon-
ducting systems, particle detectors, high vacuum
equipment and systems.

— Electronic Engineers experienced in the design of
electronics circuits and data acquisition systems for
detectors such as scintillation hodoscopes, multiwire
proportional and drift chambers, and shower counter
and calorimeter arrays.

These are career positions, but requests for term appoint-
ments will be considered. Starting salaries will be commen-
surate with qualifications and experience. Assistance in
relocating can be provided.

For employment application forms or for further informa-
tion, contact:

Herbert Renner

SLAC Employment Office

P.O. Box 4349

Stanford, California 94305

U.S.A.

This work is supported by the U.S. Energy Research and
Development Agency.
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Matrix-Zeilen-Drucker

Zur Zeit der preisgiinstigste
Drucker seiner Leistungsklasse!
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Mod.CP 110

— «low cost» Impact-Drucker

— 110 Zeichen/Sek.

— 80 Kol./Zeile, 5x7 Matrix

— Schreibt vor- und riickwérts

— Rollen- oder Fanfold-Papier

— 1-Zeilen-Buffer

— Interfaces: Parallel, V24, Centronics-Compat.,
HP 2640/2644

Beliikonerstrasse 218 m“ Tel. 057 54655
CH-8968 Mutschellen nn Telex 54070

Gmelin Handbook of Inorganic Chemistry

Transuranium
Elements

New Supplement Series

Vol. 7a, 7b, 8 Part A: Elements

Vol. 31, 38,39 Part B: Metals and Alloys
Vol. 4 Part C: Compounds

Vol. 20, 21 Part D: Chemistry in Solution

In the framework of our New Supplement Series to the
8th edition, with the publication of volume 39 now
exists a comprehensive presentation of the transuranium
elements. Since literature on this important field has
grown so comprehensive that it is almost impossible for
the individual to gain an overview, the Gmelin Trans-
uranium Series now offers the scientist an extensive,
clearly presented and up to date survey of this special
field.

Individual chapters in this Gmelin volumes of the
Transuranium Series appear in English, French and
German, according to the native language of the authors.
A collective formula index to the transuranium elements
will appear in the course of 1977.

German-English table of contents.
English or German marginal notes in the text body.

Part A1, I (Vol. 7a): 1973. DM 244,—; US $ 107,40
ISBN 3-540-93248-8

Part Al, II (Vol. 7b): 1974. DM 495,—; US $ 217,80
ISBN 3-540-93276-3
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ISBN 3-540-93329-8
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ISBN 3-540-93286-0

Part D2 (Vol. 21): 1975. DM 448,—; US §197,20
ISBN 3-540-93288-7

Prices are subject to change without notice.
Each volume also available separately.

Springer-Verlag
Berlin
Heidelberg
New York

203



204

HIPOTRONICS DELIVERS

Part of an 8.4 MW HV DC Power Supply which
HIPOTRONICS recently delivered to Oak Ridge National
Laboratories for continued research in Nuclear Fusion!

When the requirements got tough
Hipotronics got the call. Oak Ridge
needed 168 kilovolts at 50 Amps for
the next phase of development of
their Fusion Reactor. So they turned
to Hipotronics, the leader in high volt-
age technology. They got exactly
what they wanted, a well regulated
high power supply that is rugged
enough to withstand repeated crow-
bar shorts with no damage to the
power supply.

Innovative design approaches are
everyday occurrences at Hipotronics
We design, manufacture and fabri-
cate every important component
and our facilities are the largest and
finest in the industry. That allows us
the flexibility to meet the most de-
manding specifications and condi-
tions of high technology programs
such as Neutral Beam Injectors and
High Power Lasers.

Hipotronics has also manufactured a
wide range of high voltage power
supplies for other applications:

s Capacitor Bank Charging

m Kiystron Tubes

m Travelling Wave Tubes

m High Powered Lasers

m Accelerators

Whatever your requirements, pulsed

or continuous duty, brute force or
finely regulated, call us.

Remember —
HIPOTRONICS DELIVERS!

HIPOTRONICS, INC.

P.O. Drawer A, Brewster, NY 10509
(914) 279-8031 Twx 710-574-2420
Amex Symbol: HIP
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PFEIFFER-TURBO

the optimized programme to produce hydro-carbon free

Turbo-molecular pumps, to make
vacuum production a mere trifle.
High compression ratio for hydrogen
and other light gases ® constant
pumping speed over a large working
range ® low vibration and noise level
@ high performance/weight ratio ®
easy installation due to horizontal or
vertical connection ® low operating
costs ® sturdy and reliable ® easy
handling @ simple maintenance.

PFEIFFER TURBO for cleanest vacuum
in: particle accelerators, their beam
guide systems and target chambers

® neutron generators ® UFs-techno-
logy ® plasma physics ® mass spectro-
metry and gas analysis ® electron

high and vltra-high vacvum.

TPU 200 on heavy ions accelerator of the
Gesellschaft fir Schwerionenforschung (GSI)
{Society for Heavy lons Research), Darmstadt.

BALZERS

BALZERS HOCHVAKUUM AG
Stampfenbachstrasse 48
Postfach 186
CH-8035 Zirich
Tel. (011603266 Telex 52 278

microscopy and micro probes @ vacu-
um coating and sputtering ® optics

@ semi-conductor production ® manu-
facture of high-frequency quartz
crystals ® manufacture of incandes-
cent bulbs and tubes ® space simula-
tion ® calibration systems ® metal-
lurgy ® production of hydrocarbon
free «fore-vacuum» for other HV and
UHV pumps, e.g. ion getter, sorption
and cryo pumps.

PFEIFFER TURBO available for pump-
ing speeds between 100 and 6500 I/s.

PFEIFFER TURBO: advanced vacuum technology
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The HELIFIER"helium
liquefier will produce 3 to 20 liters
of liquid helium per hour. Installa-
tion is simple and the unit operates
virtually unattended.

Adaptable to a variety of labora-
tory and operational uses, this

system can be used in the liquefier
or refrigerator mode, and it will
cost you less than comparable
systems.

Our HELIFIER helium
liquefier is designed for operation
of at least 6,000 hours before
service, and for variable speeds
for fast cool down.

The HELIFIER helium
liquefier gives you efficiency, relia-
bility and built-in safety features
at low life-cycle costs.

For more information, just call
or write Advanced Products
Department, Air Products and
Chemicals, Inc., Box 538, Allen-
town, PA 18105, U.S.A.

(2 At Proauicts

Introducing Helifier; the affordable
He liquefier that doesn’t need a sitter.
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Sketch

a superconductor.

We produce more types of superconduc-
tors than any other manufacturer. Now we make
more advanced superconducting systems.
From NbTi, NbsSn, VaGa. With monolithic or mul-
tifilament wires, mixed-matrix conductors or
tapes. Conductors with any reasonable cross
section or aspect ratio. In braids, cables,
sheathed and reinforced systems.

And we'll sell you one, even if we have to
design it first. Like the forced-flow porous-
sheathed cable (upper left) proposed for large
toroidal magnetic-confinement systems. Its
400-strand multifilament cable is 50% con-
ductor and 50% void space. For the forced flow
ofliquid helium.

Orthe extended-surface clad supercon-
ducting system (upper right) being developed
for large mirror fusion machines. The copper
cladding has spaced holes and channels for

liguid-helium flow. The channels also allow the
cladding to be formed into a square cross sec-
tion, around the multiflament core.

Or the high-purity aluminum-matrix
superconductor (lower left) containing 121 NbTi
filaments for use in light-weight, radiation-
transparent magnets.

We left room (lower right) for you to sketch
what you want. Send us your operating require-
ments. We may have an off-the-shelf system that
already will do your job. If we don'’t, we might be
able to invent a new system that does.

Call Dr. Erik Adam, Manager of Super-
conductor Sales and Development. Phone (201)
464-2400. Ask him for our detailed superconduc-
tor brochure. Cable: CRYOPLANTS MH. TWX:
710-984-7985. Or write Dr. Erik Adam, Airco Inc.,
100 Mountain Avenue, Murray

Hill, New Jersey 07974,U.S.A. /AIRCU,IHC



With BASIC & MACAMAC you can
forget about computers and progra
your Camac system directly.

The High-level Language Problem-orientated Macamac-Basic offers:

@ Real-time operation with interrupt handling

@ Prom resident package (8k bytes) = no loading er
@ 24-bit arithmetic, trigonometric and logic functions
@ Nested routines

@ Caliable assembler sub-routines for higher speed
@ Extensive error message library for easy program

@ Full use of stand-alone operating system

4500 SOLOTHURN 2  SWITZERLAND
tel: 065/31 1131 telex: 34228

PCP, inc.

ION MOBILITY
SPECTROMETER

e All-electronic trace chemical analysis using ion-molecule reactions.
e Threshold sensitivity in low parts per trillion range.

e Atmospheric pressure operation

e Operation with air or other choice of gases.

e Rapid response—fractional seconds.

® Positive or negative ion response.

e Responds to most materials, even those with very little volatility in the
ordinary sense.

e Molecular weight response to over 5000 amu.

e Couples readily to many inlet and front end separation devices at
atmospheric pressure.

e Threshold response down to low picograms.
e Dynamic range to 10° and more.

Instrumentation is available for direct purchase, or lon Mobility
Spectrometer analysis of your materials can be performed in our
laboratories. For further information and descriptive literature
please contact:

DENIMEX DEVELOPMENT CORPORATION

CH-1805, CHEXBRES, Switzerland
Phane: 021-56-14-24 Telex; (845) 24842 (DNIMXCH)
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Un groupe de niveau européen

dans

DNET la prestation de services

Nettoyage industriel

Nettoyage d’ateliers, bureaux, laboratoires, cliniques

Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008 - MARSEILLE 12 bis, boulevard Pebre

(91) 762850

75- FjARIS 4 et 6, rue du Buisson - Saint-Louis - Xe tél. (1) 6079484
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74 - ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (60) 419133
74 - ANNEMASSE 2, rue du Docteur Favre tél. (b0) 374237

Fournisseur du CERN & Genéve, du CEA a Marcoule, Pierrelatte, Cadarache,
La Hague, de I'ONU et de I'UIT a Genéve.

[t's
ELEMENTary Pneumatics:

Régulateurs de température
électroniques

E.182/E.195 pour
thermometres a résistance
Pt 100Q

one connection
leads to another!

The assembly of SERTO polyamide connecting ele-
ments could not be easier. A 90°-twist, and the
bayonet catch is engaged. O-rings seal off the
through-ports. Whole batteries are assembled in a
matter of minutes.

Connection to the tubing is just as simple. Whether
in control and monitor systems for air-conditioning,
in chemical plants, or otherwise in machinery: just
cut off the tube, push it in the union, and screw
tight. The job is done!

Connect-up is especially easy on pneumatic panels
and switch cabinets. A single hand movement, and
the battery is hooked on the carrier rail. Another
move, and it's off the rail again. Even the future is
in-built: With the SERTO system your manifold is
manifold! Modify and extend as needed.

Don’t miss your connection!

Avec ou sans indication différentielle
Raccordables pleine échelle

Régulateurs & deux ou trois positions

Plages de régulation: 0-50, 100, 200, 400°C
Régulation PD ou intermittente

Précision: 1%

Dimensions DIN: 96 x 96 mm

Roth + Co. SA

- - _ N 9244 Nied il SG Sui Tél.073/516868
GRESSEL AG CH 8355 AADORF 'Ie eruzwi - uisse Télex 77321

Appareil de régulation et de commande

phone 052/47 26 21 telex 764 36 gress
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Amongst the equipment we design and
supply are glove boxes for radiochemical
laboratories engaged in medical,
technical and research work. Equipment
made of stainless steel, steel plate and
perspex; available with «, 3, v —protection
and remote handling devices.

BUCHLER

Buchler GmbH & Co

Bereich Radioaktivitdt und Strahlenschutz

Postfach 1829 Harxbitteler Strasse 3 D-3300 Braunschweig
Telefon 06307/1865 Telex 0952533

There’s a new kid
in town.

MIK 11

the LSI 11* packaged in CAMAC

The most powerful CAMAC
microcomputer yet, three wide module
contains 4K RAM, Dataway Interfaces,

Serial Port & Clock.

All the power of DEC* software- Basic,
Fortran, RT-11, RX-11s & more.
Expands LSI-11 capability- RAM, EPROM,
Dual Port Memory, Floppy, DMA,
Synchronous Port & more.

Immediate Computer Network Capability,
Local & Remote.

STRANDARD ENGINEERING CORPORATION

44800 industrial drive-fremont, calif. US® 94538 tel.4§ 656- BS§7-7555 TWX 10 381 6048

e European Distributor: GEC-Elliott Process Automation

o, New Parks, Leicester LE 3 1 UF, ENGLAND

ial Tel. 0533 871 331 Telex 34551

d rk Digital Equip t Corporation
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ULTRASONIC CLEANING EQUIPMENT

Compact units

Proven, top-quality products, of the
most advanced design, at affordable
prices.

0.2 to 28
litres
capacity.

— Frequency 35kHz

— Simple to
operate

— High wattage per
litre capacity

— Stainless steel tank coated internally
to withstand cavitational damage

Thoroughly cleans :
oil filters, strainers, heald shafts, nozzles, instruments, relays,
counters, precision engineering components, polished items.

For LARGE-SCALE INSTALLATIONS

modular generators {modules
interchangeable within minutes)
and immersed oscillator.

M. SCHERRER AG, CH- 9500 WIL/SG
Gallusstrasse 41 (Switzerland) Phone (073)223476

E. LOTTI S.A.

PLUS DE
5000 PRODUITS
EN STOCK

Réactifs MERCK
Scintillateurs CIBA-GEIGY

Produits
® de recherches VENTRON-ALFA

e pour purification des eaux
(NaBH:) VENTRON

e pour recherche électronique
et nucléaire ESPI

e biologiques GIBCO
e chimiques purs

Responsable: M. F. RIONDEL, ingénieur chimiste

8, RUE BAYLON, 1227 CAROUGE

TELEPHONE 4257 66 / 42 57 65
TELEX: 289 382 LOTI. CH.

KARL WEHRMANN

WES CAMAC
SPALDINGSTR. 74 2000 HAMBURG 1

TEAM

TEL. 040/241511 TLX 2163043

WES-CAMAC-TEAM

represented in Switzerland by

CAMAC-CRATES

200-500 W

® CERN COMPATIBLE, PLUGABLE

POWER BOX

® PLUGABLE FANUNIT
® DISPLAY SHOWS: STATUS, FAN

FAILURE, OVERLOAD, OVERHEAT

® CURRENT/VOLTAGE DISPLAY
® SHORT CIRCUIT PROTECTION
® COMPUTER MONITORING PLUG
® THREE 500 W-VERSIONS

For detailed technical and price information please contact WES and ask for catalog 9/76

\CANBERRA-STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070

_/
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Interfacing with fast Nims

The expanding

ge now includes linear and logic fan outs, logic fan infouts and coincidence

modules desigred to meet a wide variety of nuclear physics experimental requirements,

_For full specification contact the Edinburgh Technical Sales Office.

™ 1
LINEAR FAN-OUT
5 quam Y

N auT
RIS yom oM

T
o

NE 4516 Linear Fan-out

4 channels each with a fan-out
of 2.

INPUTS dc coupled, +0.2V
to -2V range into 50 ohms,

1 200V protected.
OUTPUTS Two per channel,
non-inverting, « 3ns rise and
fall times, +0.2V to -2V range
into 50 ohms.

GAIN X1 —5%, nonlinearity
2%

DELAY 2.4ns
OVERLOAD RECOVERY
3ns for X10 overload
POWER + 24V, 220mA;

+ 6V, B0mA; -6V, 80mA;
-24V, 250mA;12W
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NE 4685 Fast Logic
Fan-out

2 channels each with a fan-out
of 8.

INPUTS dc coupled, fast
NIM logic level into 50 ohms,
durationy 2ns, =100V
protected.

OUTPUTS 8 fast NIM logic
levels per channel, non-
inverted, < 1.4ns rise time,

¢ 1.9ns fall time, duration as
per input.

PROPAGATION DELAY
3.3ns; Differential delay,
«+0.1ns.

MAXIMUM COUNTRATE
200MHz

POWER + 6V, 140mA; -6V,
410mA; 3.3W
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NE 4688 Logic Fan-in/out
4 sections selectable by front
panel control to give quad
4-fold fan-in/fan-out, or dual
8-fold fan-in/fan-out, or
single 16-fold fan-in/fan-out
with LED indication of mode.

INPUTS 4 per section, dc
coupled, fast NIM logic level
into 50 ohms, protected to
+100V.

OUTPUTS Fast NIM logic
level, 4 per section non-
inverting plus 2 per section
complementary, 2.5ns rise
and fall times, duration as per
input.

PROPAGATION DELAY
8.5ns; Differential Delay,
+0.25ns

MAXIMUM
COUNTRATE 100MHz

POWER + 6V, 150mA,; -6V,
420mA; -12V, S0mA; 4. b5W

NUCLEAF!

ENTERPRISES

S.A.

5 COINCIDERCE ! j
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NE 4691 Coincidence

3 Fold

3 channels each with up to 3
coincidence inputs.

INPUTS 3 per channel, dc
coupled, can be individually
disabled by front panel
control. Fast NIM logic levels,
duration greater than 1.8ns,
protected to +100V.

OUTPUTS 3 fast NiM logic
levels, negative «2.5ns rise
and fall times, duration
adjustable from 5 to 50ns per
channel or common.
COINCIDENCE
RESOLVING TIME Greater
than 1ns overlap, set by input
duration.

PULSE PAIR
RESOLUTION .9ns
POWER +6V, 350mA; -6V.
430mA:; -12V, 56mA; 5.3W

s

S

25 Chemin Fran(;mvaehmann 1218 G(and Saconnex, Genéve
Tel {022) 98.16.61/62 Telex 289066,

Nuclear Enterpnses Lrd

Sighthill Edinburgh EHT1AYE Scmland Tel 031-443 4080
Telex 72333, Cables Nuclear Edinbuigh.

Nuglear Enterprises GmbH: Schyvanthalerstrasse 74
8 Munchen 2. Germany. Tel 53 62,08 Telox 529038
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Angst i Pfister /P

VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE

e MATIERES PLASTIQUES

Lubriflon-PTFE, Ertalon, Ertacetal, Eltflon pour applications électroniques

® POLYPLATE PROCESSING

Condensateurs,cOnes d’'antennes, substrates

® TUYAUX FLEXIBLES

pour basse, moyenne et haute pression, types spéciaux avec capacité
de résistance aux radiations — fluide eau déminéralisée

e ELEMENTS DE TRANSMISSION

Accouplements élastiques, variateurs de vitesse,
transmission par courroies trapézoidales et dentées, etc.

® JOINTS D'ETANCHEITE

standard ou sur plans en tous matériaux

1219 GENEVE-LE LIGNON TEL.: 022/964211
ROUTE DU BOIS-DES-FRERES 52-54 TELEX: 22675APG

[ M

High-purity precious metals

Precision
Power Supplies

Stability upto 1078 ; up to 300 kW ; up to 300 kV

Evaporation discs (5N)
Au, Pt and Pd targets {5N)

Pt-PtRh precision thermo-couples, supplied
with a guarantee or calibration certificate
for all applications

Miniature PtCo magnets, made to measure

Magnets Microwave tubes

Electrical contact materials

9E€ €999

Superconductors Capacitor charging

Please ask our technical advisers for further details .Beam deflection Multipliers
METAUXPRECIEUX SA Telephone  Telex
2, Av.du Vignoble
CH-2000 NeuchAatel 9 038-212151 35101

35401 Control and Measuring Techniques
7. Bvd du Théatre 35403 Happinger Strasse 71
CH-1211 Genéve 11 022-216377 8200 Rosenheim

. I Tel. 08031 - 66397/66116
19, Léwenstrasse LU[LEH ER
CH-8039 Ziirich 01-2118120 57783 MZHM@ Telex 0525777 hemes d

214



a N

Ysics

NEW SOVIREL“CEREN" GLASSES

e from 17 to 43 mm radiation length PY hi‘fh performance/ cost ratio
e transmission optimized o reliable worldwide service

For Information please call:

SOVIREL

Département Optique for the U.S.A.: Corning Glass Works
90, rue Baudin - 92306 Levallois-Perret - France Optical Materials - P.O.B. 2000
Tél. : 739.96.40 - Télex : 620014 SOVIVER LVALL CORNING N.Y. 14830/Phone: (607) 974.76.10

& QCERP 7508

Designed to RICO-Gouttiéres a cibles

wash awa ; €
damaging Chemins de cables

Fléments fabriqués en série, disponibles

[
contamlnants de stock, préts a étre assemblés selon le principe
® de la boite de construction, permettent
des gains de temps importants dans
I'établissement des plans, dans les

bureaux d'études, sur le chantier et & I'atelier.

Haws Model 7060-8
with patented “Feather-Flo” heads

Install Haws emergency eye/face-wash fountains near
every hazard. Push of the valve handle provides instant,
gentle, pressure-controlled water to float away
contaminants without damaging delicate tissues.

This equipment can help to eliminate potential permanent
injuries. Write for free information and catalog.

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

i

Decontamination Stations -
h Tel. (07021) 45051 Nansenstr. 1
Laboratory Units « Freeze-
INTERNATIONAL Proof Unite Telex 07267881 Tel.1/463642

Haws Emergency Safety RIETH & Co.
Equipment: Eye/Face-Wash Fabrik fiir Eisenkonstruktionen Max Banninger AG
Fountains - Drench Showers - D-7312 Kirchheim-Teck 8050 Zirich
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HighVoltage Power Supplies‘

Débitmetres
GEC-Elliott, Rotameter Works, Croydon

150 KV-30 mA
Regutaticr. 210
Ripple: 2 10

Appareils calibrés et
non calibrés

pour liquides et gaz
type 1100

livrables ex stock Zurich

Heraeus

WITTMANN

Rubans chauffants

Deltaray high voltage power supplies for a
e X-ray equipment e ion - implantation

® high voltage testing ® clectron-microscopes

e positive and negative particle accelerators e lasers Tuyaux chauffants
voltages up to 1000 kV, outputs to 10 kW, , . ;
stabiiities to 2.10° Sélecteurs de puissance i

et de tension

HIGH VOLTAGE
HV ENGINEERING

Demandez la documentation auprés de

EURD PRPA B_\/_ WiEAE Oerlikonerstrasse 88
AMSTERDAMSEWEG 61 « AMERSFOORT e the NETHERLANDS A
P.O.BOX 99 e TELEPHONE 033-19741 e TELSX 47275 tel ) 01 /46 40 40
Van de Graaff Accelerators, Electron Beam Processing Systems, lon Implantation-Equipment, vorm. WI S M E R AG 8057 ZU l’lCh

Deitaray-High Voltage Power Supplies, Vacuum Systems, SFg Gas Systems,
Custom Made Products

50 Ohm multicoaxial connector for CAMAC - systems

This connector enables simultaneous connection of 64 50 Ohm coaxial circuits, this provides a gain in
time during connection and disconnection, and, in addition, prevents errors.

W. W, LISCHER CH-1143 Apples Téléphone 021/7737 11

INGENIEUR-MORGES Télex: 24 259 fisch - ch
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i n f O rm ati o n Dewald ZES L

Cherchez-vous des alimentations & haute fiabilité,
compactes, avec de grandes puissances ? Alors, utilisez les

Alimentations-switching de Gould-Advance

dés Fr. 795.—
5V - 10/20/40/60/100 A *Régulation 0.1% ceramits el aualie AR 997
5V-20A++15(12)V-1.75A *Bruit 10 mVeff, 50 mVpp
12V-10A *Rendement sup.475%
16V-8/16A *Programmable
24V -5/10/15A *5 ans garantie

Dewald AG Seestrasse 561 Tel. 01 }5 1300

8038 Ziirich  Telex 52012
FABRICATIONS

DE NOTRE USINE D’EVREUX

PASSAGES ELECTRIQUES ETANCHES
Céramiques métallisées et brasées

PIECES pour MECANIQUE, NUCLEAIRE,
ELECTROMECANIQUE

Tubes, barreaux, plaques, disques en AF 997
Piéces usinées rectifiées

Chantiers modernes PIECES pour ELECTRONIQUE
Radomes, fenétres électromagnetiques
S.A. au capital de Fr. 30000000 F Poudres abrasives et pour projection

Revétements céramiques par projection plasma

LUMIDOSIMETRES en Verre Phosphatique
(BREVET C.E.A)

LUMIDOSIMETRES en fluorure de Lithium pour
dosimétrie individuelle (Brevet C.E.A)

ARTICLES DE LABORATOIRE en oxydes frittés
Creusets pour évaporation

88, rue de Villiers
92300 LEVALLOIS-PERRET
Téléphone: 757-31-40
Télex: 610202

Paris - Bordeaux - Vitrolles - Nantes - Le Havre Desmarquest & C.E.C. s.a.

La Réunion - Libreville - Pointe-a-Pitre
Abidjan t0c 000 EVR
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New CAMAC Catalog describes these modules:
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Our 230-page 1977 CAMAC catalog is just off the press. Write for your FREE copy.

lﬁ\<<< Kinetic Systems International S.A.

6 Cheminde Tavernay = 1218 Geneva, Switzerland * Tel. (022) 98 44 45 + Telex 28 9622
KineticSystems Corporation * 11 Maryknoli Drive * Lockport, lllinois 60441 * Tel. 8158380005 » TWX 910638 2831
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GROUPE CGE

charge
amplifiers for
proportional
wire chambers

e High sensitivity (250 mV/picocoulomb)
e Low noise (0,004 picocoulomb)
e Variable shaping time
e Available in three versions
(2 for cathodes, 1 for anodes)
e Thick film technology
® Two channels per module
e Low price

Full details from:

CIT ALCATEL
Microelectronics Division

13, rue Périer 92120 Montrouge (France)
Phone: (1) 657 12 70 - Telex 270014 F

Pub. Sicard AL 143

32-input
voltage
monitor

LR8

232
32 CHAN
Al

LeCroy’'s new Model 2232
Differential ADC is designed
to permit economical, high-
resolution voltage analysis
without the burden of non-
standard interfacing or the
overhead of excessive rack
space consumption. Offering
32 independent channels of
12-bit voltage monitoring in
a single-width CAMAC mod-
ule, it provides plug-in com-
patibility with any existing
standard CAMAC readout
system while occupying only
a single station in the crate.

THE 2232 FEATURES:

« High sensitivity: 12 bits or
0.025% resolution.

« Differential inputs: elimi-
nate 50-60 cycle and other
common mode noise.

« Bipolar or monopolar op-
eration: covering a standard
10-volt range.

« Two digitizing modes: Con-
tinuous Scan or Single Shot.

« Asynchronous readout: any
channel can be read at any
time.

« High density: 32 channels
in a single-width module.

e Low cost: approximately
$30.00 per channel.

The Model 2232 finds useful
application in the monitoring of
power supply voltages, magnet
currents, temperature or pres-
sure transducers, and in a vari-
ety of other situations where
computer-compatible high-
resolution measuring of dc
voltages is desired. Call or
write for details.

LeCroy

LeCROY RESEARCH SYSTEMS CORP.; 700 S.
Main; Spring Valley, N.Y. 10977, U.S.A.; (914) 425-
2000; TWX: 710-577-2832 « LeCROY RESEARCH
SYSTEMS/FAR WEST; 1 First St.; Los Altos, Cal.
94022 - LeCROY RESEARCH SYSTEMS SA; 81
Avenue Louis-Casai; 1216 Cointrin-Geneva, Swit-
zerland « LeCROY RESEARCH SYSTEMS LTD.;
74 High Street; Wheatley, Oxfordshire OX9 1XP,
U.K. »+ LeCROY RESEARCH SYSTEMS G.m.b.H.;
Treitschkestrasse 3; 6900 Heidelberg; W. Germany.
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Satan
Control
System

SATAN is a serial asynchronous
control system based on a single
chip microprocessor providing easy
local control with distributed intell-
igence,

Control is effected either by the com-
puter through a CAMAC unit ( SMU
2084), or locally through a calculator
with keyboard and display (SSU401),
A transmission speed of 2400 baud
covers all positioning and setting
problems,

The pocket calculator enables the
user to access the data and to modify
it 'on site' without any computer back-
ground, the CAMAC interface being
used to enter the data into the comp-
uter tables once the local settings
have been made, The transmission
cable is a standard LEMO cable,

Messages include the following com-

mands

- READ, WRITE, TEST, STROBE,
etc, :

multi—-addressed commands provide

for easy and efficient programming,

SATAN Controler  SSUSH

sEND AscEvE
CLEAR SO DATR ol
il 8 7

wooess s 4 8

NM"”

gl 0 !

SATAN is the ideal solution where
CAMAC becomes either too expensive
or too cumbersome, and where manual
setting cannot be considered due to a
large distance between components

The SATAN consists of :

Up to 32 Slave Stations handling 8
to 16 channels of 16bits { SSW400)
1 Pocket Calculator for local
introduction of data (SSU401)

1 CAMAC Interface for computer
control (SMU 2084)

APPLICATIONS

A typical application is the control

of experiments where distances
between devices to be controlled are
too great for conventional systems
and a very high speed is not required,

Actual systems include :

- Drift Chamber /Proportional
Chamber VVoltage control

- Fast Discriminators control
(threshold, delay, width),

E N SEN ELECTRONIQUE

ZURICH
HAMBURG
MUNICH

ELECTRONIQUE

CH 1211 Genéve 13
CH 8604 Volketswil
D 2000 Wede!

D 8000 Miinchen 81

Case Postale 39 tel (022) 4429 40 tix23359 ch

tel (01) 3455103 tix 58257 ch
tel 04103 6282 tIx 2189 5484d
tel 089 916710 tIx529167d

Rustrasse §
Postfach 223
Radspielerstr. 8
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