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Upsilon hunting

The most fascinating news in high
energy physics over the past year (see
August issue, page 223) has been the
discovery of Upsilon — a ‘stable’ parti-
cle three times heavier than those of
the famous J/psi family, which fits into
no known scenario of the sub-nuclear
world. It suggests the existence of yet
another brand of quark to add to the
familiar four — up, down, strange and
;harmed quarks.

Our knowledge of the world of parti-
cles had seemed, briefly, to be con-
densing to an understanding of the
behaviour of four quarks and four
leptons (the electron, the muon and
their neutrinos). Now, with strong
evidence of an additional heavy lepton
from experiments on the SPEAR
storage ring at Stanford and strong
evidence for an additional heavy quark
from the experiment on the syn-
chrotron at Fermilab, the door is wide
open to yet another world of great
variety as we penetrate one layer
deeper into the structure of matter.

This article brings together some in-
formation and ideas about the new-
comer, Upsilon.

At Fermilab, the discoverers (the
Columbia / Fermilab / Stony Brook
group led by Leon Lederman) have ac-
cumulated about three times as much
data since their dramatic announce-
ment at the Budapest Conference.
They can now see a clear separation
into two peaks in the enhancement
that they found in the two muon
spectrum — Upsilon at 9.4 GeV and
Upsilon prime at 10 GeV. There is a
suggestion of a third peak at 10.4 GeV
but this is not yet established. The
peaks are consistent with the expected
mass resolution of the detection
system which is 2.1 %. This means that
the rms width for the cbserved peaks is
less than 100 MeV.

The Columbia / Fermilab / Stony
Brook group are currently running their
experiment with the synchrotron
energy set at 300 GeV with a 200 GeV

The latest data from the Columbia / Fermilab |
Stony Brook experiment at Fermilab, which

measures two muons emerging from the high
energy collisions of the protons from the 500
GeV synchrotron, shows two ‘bumps’ at 9.4

GeV and 10 GeV and a suspicion of another at
10.4 GeV. This is a dramatic discovery of what
looks like a new family of very heavy particles

which is probably the consequence of the

existence of another type of heavy quark.
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‘front porch’. Using the muon energy
range covered by these beams they
can study the excitation curve of the
Upsilon production and the accom-
panying continuum. A very important
aspect here is how the transverse

momentum of the emerging two
muons behaves as the energy
changes.

The next change will be an attempt
to improve the luminosity of the ex-
periment and to collect of the order of

five times the data. Part, or all, of this
will also have improved mass resolu-
tion in the detection system which will
be achieved by installing some new
chambers upstream of the magnets
where, previously, no detectors have
been placed.

Additional magnetized iron shield-
ing should help these chambers sur-
vive the extremely high rates in this
area. One set of chambers are of the
multiwire proportional chamber type
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with a 1.5 mm wire spacing which are
being constructed at Fermilab with
special amplifiers designed at the
Nevis Labs. The other set is an ex-
perimental Directional Drift Chamber
which is designed to respond only to
particles originating in the target
which have not scattered by more than
about 4 mr.

The goals of the next eight to ten
months  include improving the
knowledge of the Upsilon and Upsilon
prime widths, their mass separation,
the Upsilon double prime, the s-
dependence of the Upsilon family, and
the surrounding muon continuum. In
addition, a search with good sensitivity
will be carried out for new bumps in
the 11 to 16 GeV mass range.

There are other collaborations at
Fermilab also about to attack the Up-
silon family. A Princeton/Chicago
group is preparing to run with the
Chicago Cyclotron Spectrometer in the
Muon Laboratory to search for Upsilon
production by pions. Another group in
the Muon Laboratory (Berkeley/Fer-
milab/Princeton) will be working with a
muon beam and a new multimuon
spectrometer. They may be able to see
Upsilon production by virtual photons.
A Michigan/Northeastern/Washington
group, which has a multimuon detec-
tor already in operation, is preparing to
run in the Meson Laboratory. Their
detector will have a large acceptance
for the Upsilon angular distribution and
the Feynman x distribution. This infor-
mation might help to shed light on Up-
silon production systematics.

At CERN, the energies available
from the SPS for the counter experi-
ments which have appropriate detec-
tor configurations in the West Area are
too low for fruitful Upsilon hunting. A
CERN / Collége de France./ Orsay /
Palaiseau / Saclay experiment will be
coming into action .next year in the
North ‘Area using the full 400 GeV of
the synchrotron. They will be able to
look at dilepton production with a
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sophisticated detection system and
can investigate Upsilon production by
different hadrons (pions, kaons...) as
well as protons in a similar way to the
Omega spectrometer investigation of
J/psi production.

The CERN Intersecting Storage
Rings have the highest available colli-
sion energies in the world at present
and it is an obvious place to look for
Upsilons or any other higher mass par-
ticles. The limitations are the produc-
tion rates in the colliding beams and
the special measures which are
needed to distinguish the particles
from the multitude of other possible
events.

Two experiments now taking data
could shed further light on the Upsilon.
The CERN / Columbia / Oxford /
Rockefeller collaboration, which in-
cludes Leon Lederman, is looking at
the production of electron-positron
pairs in the I-1 intersection, while the
Frascati / Genoa / Harvard / MIT /
Naples / Pisa collaboration, led by Sam
Ting, turns its attention to muon pairs
produced at the I-2 intersection.

Both experiments expect one or two
events per day in the Upsilon mass
region and can go well beyond this
region to look for heavier enhance-
ments at up to about 20 GeV effective
mass. While the I|-1 experiment is
designed as a general study of high
transverse momentum phenomena
and could make it possible to study
other particles emitted with the

electron-positron pair, the 1-2 experi-
ment is very clean and free from
background, with all hadrons away
from the interaction region and the
forward area removed by a total of 130
cm of iron.

Electron-positron colliding beams
are almost certain to provide a much
cleaner experimental situation for in-
vestigating the Upsilon family than the
proton machines. The difficulty of
studying the J/psis at the Brookhaven
and CERN proton synchrotrons com-
pared to the Stanford and DESY
storage rings illustrates this point very
clearly.

The SPEAR electron-positron stor-
age ring at Stanford unfortunately can-
not be coaxed to high enough energies
to cover the Upsilon mass. The r.f.
system, the magnets and the space
available are all inadequate for 5 GeV
and more per beam. The same is not
necessarily true for the DORIS ring at
DESY and there are moves afoot to see
whether 10 GeV can be reached.

It was already planned to push to
4.3 GeV per beam (up to now standard
operation has usually been up to 3 GeV
and 3.5 GeV has been reached in
tests). The extra energy will be possible
by installing two extra r.f. cavities
which are not now needed for the
PETRA ring. This installation is under
way during a shutdown which will
finish at the end of October. In
November, it will be known if the



A computer reconstruction of a muon pair seen
by the Frascati/ Genoa/Harvard /| MIT/Naples |
Pisa collaboration led by Sam Ting at the CERN
ISR. In this experiment, the interaction region
{marked by a cross in the diagram) is
surrounded in turn by 50 cm of iron to remove
hadrons, a first layer of drift chambers, another
50 c¢m of iron, a second layer of drift chambers,
and a final 30 ¢cm of iron. Upsilons and similar
effects could show up in the spectra of the
muon pairs.

magnetic fields remain good up to the
levels necessary for 4.3 GeV operation
and the physics programme at these
energies could start in December.

The Upsilon news has obviously
provoked the urge to go a bit higher
still and this will be tried if all goes well
at 4.3 GeV. Four more r.f. cavities
could then be stolen from the 64 to be
installed in PETRA (which would only
rim 2 % off the PETRA peak energy) to
take DORIS to 5 GeV per beam. The
PETRA cavities could be wheeled in
fairly quickly and Upsilons could then
be accessible from about May of 1978.

One of the DORIS intersection
regions houses the DASP double arm
spectrometer and this would be an
ideal instrument to scan the Upsilon
region and to investigate decay modes
in the Upsilon family since it has good
particle identification. The previous
collaboration of physicists working
with DASP has dispersed to prepare
for PETRA experiments but a DESY
group is still in action and is likely to at-
tract others.

in the other intersection region the
PLUTO spectrometer was scheduled to
move to PETRA next year and the ex-
.ent to which it could participate in Up-
silon studies if these become feasible
is still being discussed. It depends
greatly on the speed with which 5 GeV
energies would be achieved in DORIS.

The two large electron-positron
storage rings now under construction
— PETRA at DESY and PEP at Stan-
ford — are both designed to have their
peak luminosities around 15 GeV per
beam and they might both find it a
strain to cover the ‘low’ energies
needed for Upsilon production. Happi-
ly, the electron-positron storage ring
CESR at Cornell has just been
authorized (see page 322) and the
main motivation behind the CESR pro-
ject was to cover the energy range
between SPEAR / DORIS and PETRA /
PEP with high luminosity. That motiva-
tion has proved a real winner.

The discovery of the Upsilon has
made everyone at Cornell work twice
as hard to try to get CESR into action at
the earliest possible date. The new par-
ticles fall right in the centre-of-mass
energy range (4 GeV to 16 GeV) plan-
ned for the machine and there may
well be more surprises beyond 10 GeV.
The experimentalists who are prepar-
ing to use a large magnetic detector at
CESR (a collaboration of Cornell / Har-
vard / Rochester / Rutgers / Syracuse /
Vanderbilt physicists) are eager to get
at them.

One experiment being planned for
the detector is, of course, a detailed
study of the Upsilons. They will look for
the array of states with radiative transi-
tions occurring between them, predic-
ted by E. Eichten and K. Gottfried. They
have suggested that a mass resolution
of 3 MeV might be required to resolve
the fine structure of the P-states lying
between the Upsilon states seen at
Fermilab. To achieve this, the detector
must be capable of very good angular
resolution for photons and for charged
particles. One would then look for
rather simple events, where the Up-
silon prime decays by radiating a
photon to an intermediate state, which
then decays to the ground state Up-
silon by radiating another photon.
Finally, the ground state Upsilon
shows the characteristic two-lepton
decay.

An experiment to study the Upsilon
states is also a possibility for the smal-
ler North interaction area on CESR.
Proposals for this area will be con-
sidered in December, and it is expected
that some of them will be aimed
specifically at studying the structure
around 10 GeV.

On the theoretical side, the Upsilon
has been widely interpreted as some
new variety of quark-antiquark com-
bination. There has been a great deal of
theoretical activity trying to extend the
J/psi experience to the Upsilon, apply-
ing the same ideas but using a heavier

quark (about 5 GeV mass) in the
calculations.

One of the first things to be noticed
about the Upsilon spectrum was that
the mass spacing between the two
observed peaks is the same (0.59 GeV)
as that between the J/psi and psi
prime. The first potential models which
tried to explain the quark-antiquark in-
teraction (see September issue, page
288) did not predict such constant
spacings and this has been interpreted
in some quarters as a need to overhaul
the type of potential used. A new
model has been proposed by Chris
Quigg and Jon Rosner which can clear
the mass spacing problem. However,
the larger spacing can be expected to
encourage decays of the Upsilon prime
to the Upsilon via the emission of two
pions though rigorous calculations are
difficult.

Meanwhile other theorists have
used the possible existence of new
quarks beyond charm to enable them
to absorb the phenomenon of CP viola-
tion, displayed by the neutral kaon, ina
natural way. This mechanism was first
demonstrated by M. Kobayashi and K.
Maskawa, who showed that if CP
violation were to form an integral part
of any gquark-lepton theory, then the
quark quartet of up-down-strange-
charmed would have to be augmented.

It is obvious that we are entering a
new period of ferment where both ex-
periment and theory are in as lively a
state as they could be.

To bring something light-hearted into
the discussion about a heavy particle,
try the ‘unauthorized autobiography’ of
Leon Lederman, page 337.
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Around the Laboratories

CORNELL
Funding for CESR

The National Science Foundation has
approved the programme to convert
the present 12 GeV electron syn-
chrotron at Cornell to an 8 GeV
electron-positron  colliding  beam
facility, CESR (described in April issue
1976). The total cost for the project is
20.7 million dollars. Included in this
figure are funds from the present
operating budget which have been
reprogrammed to begin the CESR con-
version since the total effort of the
Laboratory is now concentrated on the
colliding beam facility. The cost covers
the construction of the new storage
ring and a large magnetic detector, the
modifications to the synchrotron, and
all staff expenses.

The last high energy physics experi-
ment to run on the 12 GeV machine
stopped taking data on 19 September
thus ending a decade of fruitful experi-

ments on the highest energy electron’

synchrotron in the world. The syn-
chrotron started up in October 1967
and has operated continuously since
then, except for short periods for
improvements.

The synchrotron is now being used
mainly for studying positron accelera-
tion, production of high intensity
electron beams, etc., and for testing
prototype apparatus for the CESR
detector. This type of operation will
continue until about the end of
November, when tunnel modifications
will require a temporary shutdown.

Positrons were accelerated in the
synchrotron for the first time on 2
September up to an energy of 4.5 GeV.
Meanwhile, work is proceeding
towards transferring beams from the
synchrotron to a short section of the
storage ring. The transfer line and the
first few sections of the protosector of
the storage ring should be in place in
late QOctober when studies of the
transfer system can begin.
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DARESBURY
Progress on
the 30 MV tandem

The progress of construction at the
Daresbury Laboratory of the Nuclear
Structure Facility (NSF) with its 30 MV
tandem Van de Graaff was last
reported in the March 1976 issue. At
that time the main accelerator tower
was complete up to the 56 m level of
the injector room floor, construction of
the rectangular service tower was well
advanced and the accelerator pressure
vessel had been lifted in five sections
into the main tower. Since then the
service tower has reached its. full
height of 72 m and the structure of the
injector room has been completed.

During 1976 the pressure vessel
sections were welded together and the
vessel was successfully tested with a
pressurised filling of 2000 tonnes of
water. Assembly and interconnection
of the compressors, vacuum pumps,
circulators and heat exchangers of the
gas handling system for the 100 ton-
nes of sulphur hexafluoride insulating
gas is now well advanced.

An extensive research and develop-
ment programme has continued on the
machine itself as a basis for the design
of accelerator components. The in-
sulated column legs were developed in
this way — a glass was selected for its
bulk and surface electrical breakdown
properties, which were measured in a
1.5 MV d.c. generator, whilst the con-
figuration of the protective annular
spark gaps were determined by
electrostatic field calculations and
tests in a 1 MV Marx generator. Long
term prototype tests were then per-
formed on the pilot test machine, a 10
MV Van de Graaff. About 200 out of a
total of 288 column legs, each con-
taining 31 insulators, have now been
manufactured.

The laddertron inductive charging
system was evolved from a similar

“development programme and the final

design has been thoroughly tested up
to very high volitage gradients for over
a year in the pilot machine. The full
length laddertron for the NSF has
recently been assembled and operated
successfully in air in a specially con-
structed rig 25 m high in a building
belonging to the UK Atomic Energy
Authority.

One of the most critical, but leas
understood, components in electro-
static accelerators is the evacuated ac-
celerator tube. Much attention has
been devoted to developing a method
of bonding the insulators and
electrodes together to produce a
vacuum tube free of organic materials
and to studying the electrical
breakdown processes taking place in-
side the tube during operation. Good
quality bonded alumina-titanium alloy
tubes can now be produced routinely.
Early breakdown studies were made
on single vacuum gaps, with and
without insulators, and provided infor-
mation about the influence of surface
finish and insulator profile. More
recently, high voltage tests on com-
plete tube sections have given highlv
reproducible ‘long tube’ effects. Thess
resuits will be used to determine the
final tube configuration.

Most of the accelerator components
are now on site including magnetic and
electrostatic lenses and their power
supplies, vacuum components, such as
ion pumps with specially reinforced
cases to withstand the insulating gas
pressure, and beam diagnostic devices
such as beam scanners and biassed
apertures. All are being tested very
thoroughly before installation.

The control system, based on a
number of mini-computers with in-
teractive colour TV displays intercon-
nected by a 5 Mbit/s serial data link, is
well advanced. The link is used for the
transmission, in digital form, of both
analogue and digital information. The
loop controllers are interfaced to the
computers by standard CAMAC equip-



The Nuclear Structure Facility, NSF, taking
shape at Daresbury Laboratory to house a 30
MV Van de Graaff. The main tower and services
tower are now topped by the ion source room.
The semicircular experimental building at the
base is divided into three areas and is in use at
present for pre-assembly of the accelerator
components.

The accelerator column and the ‘dead’ sections
being pre-assembled prior to installation in the
pressure vessel.

{Photos Daresbury)

ment and the controllers themselves,
which have been developed and con-
structed at Daresbury, make use of fast
microprocessors in very high density
configurations. They are capable of
autonomous control of data transfers
when necessary to transmit high
priority information. Regular data up-
dating is under the control of the mini-
computers via the CAMAC units. Work
fon the software is progressing well.
The operating system using Interdata
computers has been upgraded and
utility and applications programmes
are being prepared. The high level
language RTL2 is used throughout.

The "accelerator column and the
‘dead’ sections of the structure with
their associated instrumentation are
being pre-assembled in approximately
10 m lengths prior to installation in the
pressure vessel. All instrumentation,
including the infrared light links which
transmit information inside the ma-
chine, the control electronics, power
supplies and vacuum and beam handl-
ing components will be commissioned
prior to installation. This work is taking
place in one of the experimental areas
and has now been under way for
several months.

In general the NSF is progressing
well but it will not be completed on
schedule. About six months were lost
due to delays in the building program-
me which delayed access to the ex-
perimental area where components
are being assembled. With limitations
on the number of staff and on funding
during the present financial year there
is no hope of catching up the lost time.

STANFORD HEPL
Tunable laser

Experiments at the superconducting
linac in the High Energy Physics
Laboratory of Stanford University have
demonstrated that free electrons from
an accelerator or storage ring can be
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used as a source of laser radiation. As
well as providing a new ‘spin-off ap-
plication for electron machines, the
technique has the major advantage of
enabling the wavelength of the laser
radiation to be continuously varied
over a wide range, in contrast to the
small operating band of present
‘tunable’ lasers.

Since the discovery of stimulated
coherent radiation back in 1954,
physicists have been looking for a laser
source which could operate over a
wide range of wavelengths. The
tunable laser idea tested at HEPL
originated with John Madey who
worked on the concept with William
Fairbank, Alan Schwettman, Luis Elias,
G.J. Ramian, Todd Smith and David
Deacon.

Conventional lasers supply radiation
originating from transitions between
atomic or molecular energy levels,
which severely limits the range of out-
put wavelengths. These atomic and
molecular structure constraints limit
the tuning range to just a few per cent
around the base operating wave-
length. These constraints do not apply
to stimulated radiation obtained from
free electrons which, in principle, could
permit laser radiation to be produced
over the range 100 — 0.1 um, i.e.
from the far infra-red, through the visi-
ble to the ultra-violet. This range of
tunability results from the possible
relativistic variation in the electron
energy.

When an electron is deflected by a
periodically varying magnetic field, it
can emit coherent as well as the more
commonly encountered incoherent
synchrotron radiation. These pos-
sibilities were discussed for example at
the SLAC Wiggler Workshop in March
{see May issue page 144). In the Stan-
ford experiment, a 43 MeV electron
beam was fired through a 5.2 m super-
conducting helix which gave a periodic
transverse field of 0.24 T. The emitted
coherent radiation was confined in a
resonant cavity made by having a pair

324

of mirrors along the axis, one at each
end of the helix. Each time the light,
trapped between the two mirrors pas-
sed through the magnetic field
together with the electron beam its
power increased. A 108 increase was
achieved in the tests.

Only a tiny fraction of the kinetic
energy in the electron beam is ex-
tracted in the process and the output
power of the laser could be con-
siderably increased by using con-
tinuously circulating electrons in a
storage ring. An efficiency above 20
per cent (the level achieved by carbon
dioxide lasers) should then be possible.

The availability of high power laser
radiation over such a wide range of
wavelengths would considerably ex-
tend the scope of laboratory

spectroscopy experiments. Also, if the
power can be stepped up towards the
megawatt range, many industrial ap-
plications would be opened up in
photochemistry.

Participants at the Novosibirsk meeting on
experimental methods with high energy
electron-positron colliding beams,
photographed at the entrance to the Institute of
Nuclear Physics.

NOVOSIBIRSK
Meeting on
experimental methods

A Soviet/American Meeting on
Experimental Methods with Electron-
Positron Colliding Beams was held at
Novosibirsk from 5-11 September. It
was initiated by Pief Panofsky, Director
of the Stanford Linear Accelerator
Center who participated in the
Meeting, and by the late Gersh Budker
who did much to pioneer experiments
with electron-positron colliding beams
ten vyears ago. About seventy
physicists took part in the Meeting in-
cluding a sizable contingent from the
USA and representatives from DESY,
Frascati and Orsay.

The detection systems proposed for
the storage rings SPEAR, VEPP-2M,
PEP, VEPP-4, PETRA, DCI and CESR
and the techniques that they incor-
porate were the main focus of atten-




A. Skrinsky shows the VEPP-4 electron-
positron storage ring to visitors at the
Novosibirsk meeting. VEPP-4 stored 5 mA
electron beams during the Summer with a
lifetime of about an hour at 1.5 GeV. Also
visible in the photograph (left to right) are Pief
Panofsky, V. Baier, B. Gittelman, E. Coleman
and V. Sidorov.

{Photos Novosibirsk)

tion. The ‘Time Projection Chamber
for PEP (see September issue, page
277), which has very versatile abilities
for particle measurements and iden-
tification, and the MD-1 detector for
VEPP-4, which has a large volume of
vertical magnetic field, attracted a lot
of interest.

Among novel detection techniques,
which were the subject of lively discus-
jsion, were the huge liquid argon
calorimeters at Stanford, the picosec-
ond time of flight spectrometer at
Novosibirsk and the idea of having
Cherenkov counters with photo-
ionization chambers rather than
photomultipliers.

The synchrotron radiation emerging
from high energy circulating electron
and positron beams was of interest for
two reasons. The negative reason is
that it can be a source of very high
background from which detection
systems need careful shielding. The
positive reason is that synchrotron

radiation makes possible a very precise
calibration of the storage ring energy.
On VEPP-3 the calibration accuracy
has been pushed to the level of about
104,

Considerable attention was aroused
by the possibilities of radiative self-
polarization of electron and positron
beams achieving polarization,
transverse to longitudinal transforma-
tion of the polarization, measurement
and utilization of the polarized beams.

The number of reports given per day
was limited to about five plus a longer
talk of an hour. Breaks after each of
these sessions gave ample time for
detailed discussions amongst the par-
ticipants. The atmosphere at the
Meeting was very open and get-
togethers of this type may well be
organized on a regular basis. As W.
Bartel put it 'When we first came we
met people with tongue-twisting
names; we left friends whom we

would like soon to see again'.

FERMILAB
Improvements
in the Meson Lab.

During the August / September
Maintenance and Development period
at the Fermilab 500 GeV synchrotron,
the Meson Department installed a new
targeting system which allows in-
dependent control of the vertical and
horizontal targeting angles.

The vertical angle may be varied
from 0.3 mrad to 1.1 mrad providing a
range of more than four orders of
magnitude in the available proton in-
tensity in the M2 diffracted beam line
{from less than 107 to 10" particies
per pulse). This system has operated
successfully. The horizontal angle may
be varied from O mrad to 7 mrad for the
M1 and M6 beam lines. Commission-
ing of the horizontal system is
proceeding. With these developments,
experimenters can look forward to
significantly increased intensity and
improved negative kaon and an-
tiproton ratios in M1 and M6.

A Meson Workshop was held on 16
September to acquaint users with the
improvements in the Meson Labora-
tory beams and facilities and to plan for
further improvements during a pro-
jected six month ‘Mesopause’ starting
in July 1978. There was considerable
interest in the proposal to provide a
mini-split in the Meson Laboratory
proton beam line so that the M1 beam
can be independently targeted from
the rest of the Meson beam lines. The
separate M1 target allows zero-degree
production of a high intensity pion
beam using the present M1 enclosures
with some modifications. Interest was
also expressed in using the intense
pion beam to produce a ‘clean’ neutral
kaon beam.

As a result of the Workshop, work-
ing parties have been set up to study
an M1 high intensity pion beam
design, tertiary neutral kaon and
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Layout of the Positron Intensity Accumulator,
PIA, which is to be built at the output end of the
DESY linac in order to relieve the DORIS storage
ring of its role in the injection system for PETRA.

beams from the pion beam, polarized
proton beams, reconfiguration of the
neutral hyperon facility for 1 TeV
operation, and 1 TeV operation of the
Meson Laboratory in general. A report
will be presented in January as a basis
for the presentation of proposals to the
Spring meeting of the Program Ad-
visory Committee which will be con-
sidering post-Mesopause experiments.

DESY
Another storage
ring - PIA

The storage ring PETRA now under
construction at the DESY Laboratory is
designed to store 4 x 10'2 electrons
and positrons and it is a major design
challenge to be able to build up such
intense beams in an acceptable period
of time.

Since the intensity of the positron

linac is only about 2 x 107 particles per
pulse, 2 x 105 pulses are required for
injection and accumulation in PETRA.
At 7 GeV (the maximum transfer
energy between the DESY synchrotron
and PETRA) the damping time con-
stant in PETRA is about 100 ms and,
allowing for 10 Hz injection rate, these
numbers would lead to a total filling
time for positrons of about 6 hours.
Because of the 200 times higher
density of the electron source, this
scheme is quite satisfactory for
electron accumulation but to shorten
the positron injection time it was plan-
ned to use the smaller DORIS ring for
intermediate storage at 2.2 GeV. With
the shorter damping time in DORIS,
thirty linac bunches can be stacked
every 20 ms and single bunches can
subsequently be transferred from
DORIS, via the synchrotron, to PETRA.
This brings the filling time down by a
factor of 150 and the scheme was suc-
cessfully tested earlier this year (see

May issue). After completion of PETRA
in autumn 1978 this was intended to
become the routine method for
positron filling of PETRA.

The exciting discovery of the Upsilon
particle at energies around 10 GeV (a
region not easily accessible at the
higher energy PETRA) and the in-
creased demand for synchrotron radia-
tion experiments at DORIS, have
prompted the idea of relieving DORIS,
from its PETRA injection role, which
would have absorbed a fair fraction of
its total operating time.

An additional small storage ring has
therefore been proposed for interme-
diate accumulation and storage of
positrons. It is calied PIA (for Positron
Intensity Accumulator) and will be
situated at the end of the Linac Il
building where there is enough space
for a ring of about 40 m circumference.
Because of synchronisation condi-
tions, the orbit length will be 28.8 m
which corresponds to a tenth of the
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DORIS circumference and 1/80 of
PETRA's.

To compensate for the smaller
length as compared to DORIS, injec-
tion and accumulation will be done in a
multiturn mode using four to five turns,
and the bunch will be compressed by
two r.f. systems that act on the beam
one after the other. To simplify ejec-
tion, the stored particles will be con-
tained in only one bunch and ac-
cumulation will therefore be achieved
by using a 10 MHz cavity first. About
50% of the injected positrons will be
captured and damped down to a bunch
length of about 80 cm. After one sec-
ond (50 accumulated linac pulses), the
second r.f. system working on the 12th
harmonic (125 MHz} will come on to
compress the bunch further to a length
of 25 cm. The ejected bunch will be
taken to the synchrotron and ac-
celerated to 7 GeV before transfer to
PETRA.

PIA will store positrons at 450 MeV.
With combined function bending
magnets giving 1.5 T, the damping
time constant will be 24 ms for
betatron oscillations which is short
enough to work with 560 Hz injection
)repetition rate. Only small modifica-
tions will be needed on the linac and on
the transport system between the linac
and the synchrotron. Construction of
various components has already been
started and the first injection tests are
scheduled for early 1979.

STANFORD
Polarized electrons

In November, a new polarized electron
source, called PEGGY I, will come into
operation on the electron linear ac-
celerator at SLAC. It is a dual gun
device developed by Ed Garwin,
Charlie Prescott, Roger Miller and
Charlie Sinclair.

Unlike the original SLAC/Yale
polarized source, which obtained

electrons the

through
photoionization of a beam of aligned

polarized

lithium atoms, the new source
produces its polarized electrons by il-
luminating a gallium arsenide crystal
with circularly polarized light from a
dye laser. Since there are considerably
more electrons available in the crystal
than in the lithium atomic beam, the
new source can produce a far more in-
tense electron beam (between two and

‘three orders of magnitude more has-

been achieved so far).

It also uses a different method of
polarization reversal. The original
source reversed the polarization by
reversing a magnetic field, a process
which is relatively slow and affects the
beam steering at the injector. The new
source has its polarization reversed by
reversing the sense of the circularly
polarized laser beam, a process which
can be done very rapidly and randomly
in time under electronic control. This
latter feature is very important in

The polarized electron source, PEGGY /I, which
is coming into operation on the linear
accelerator at Stanford. There are two identical
guns (the vertical white cylinders) each of
which should be able to flood the linac with
polarized electrons.

{Photo SLAC)

eliminating small systematic effects in
experiments which hope to see very
small beam polarization effects.

All is not pure bliss, however, as the
new source produces only 50%
polarization, while the original source
delivered about 85%. In principle,
higher polarizations (perhaps 100 %)
can be obtained either by stressing the
crystal to deform its band structure a
little, or by using crystals of different
material. Work on this potential
improvement is beginning.

PEGGY Il has two identical electron
guns so that beam can be delivered to
the accelerator from one gun while the
other undergoes vacuum bakeout and
preparation of the crystal surface. In
tests to date, a single gun has been
repeatedly used to prepare good
quality crystal cathodes and has been
operated non-stop for 29 hours with a
beam of over 10! electrons per pulse
with a 45 % polarization. Intensities of
25 x 10" electrons per pulse have
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been achieved but further work is
necessary before this becomes a
standard operating condition. In princi-
ple, this new source should be able to
deliver more electrons than the linac
can possibly accelerate.

The first use of the source will be in
an experiment to search for very small
parity violating effects in the inelastic
scattering of electrons from an un-
polarized target. Such effects are
predicted as a consequence of the
weak neutral current and their obser-
vation would be an important step
forward in our understanding of the
weak interaction.

CERN
Discovery of
flip-flop” nuclei

Experiments by physicists from the
University of Mainz working at the
ISOLDE on-line mass separator at
CERN have discovered that certain
mercury nuclei can exist in both
spherical and deformed shapes.

The study of the properties of the
unstable mercury isotopes by means of
optical techniques has long been a
speciality at ISOLDE (see November is-
sue 1971). Optical pumping was used
to determine spins, magnetic mo-
ments and radii of mercury isotopes
with odd numbers of nucleons over the
range 205 to 181 nucleons. Down to
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187 the usual behaviour was seen,
with the nuclei shrinking as the
number of neutrons decreased, but
below this point the isotopes with 181,
183 and 185 nucleons turned out to
have much larger radii. This was in-
terpreted as a transition of the nuclei
from a spherical to a deformed (ellips-
oidal) shape.

New measurements with tunable
lasers were started on the rebuilt
ISOLDE facility and this technique al-
lows measurements to be made also
for the isotopes of even mass, which
have spin zero. The first results (see
February issue, page 17) confirmed the
previous trend also for the even
isotopes down to mass 186. Since
then the new discoveries have been

fascinating.
It was found that the mercury
isotope 184 has a radius cor-

responding to a non-deformed shape
and thus fits in with the trend in the
heavier isotopes but not at all with the
strong deformation seen for its
neighbours 183 and 185. This
dramatic ‘staggering’ in the nuclear
shape from isotope to isotope is of a
magnitude not previously observed in
any other region of the nuclear chart.

The latest series of measurements
by the Mainz group (reported at the
Tokyo Conference in September} has
now revealed that the 185 isotope in
addition to having a deformed ground
state, has a long-lived isomer at low
energy which has a radius corres-

A graph of the charge radius of mercury
isotopes against the number of nucleons
illustrating the unusual behaviour discovered at
ISOLDE. The radius gradually decreases as the
atomic mass of the isotope decreases from 205
to 186, while the 185, 183 and 181 isotopes
have much larger radii, corresponding to a more
deformed shape. The isotope 184 is spherical,
so that between atomic masses 183 and 186,
the nucleus ‘'staggers’ from one shape to
another. It has been newly discovered that the
185 isotope — the ‘flip-flop nucleus” — has
two charge radii, corresponding to two very
different nuclear shapes which coexist but do
not mix.

ponding to a non-deformed nucleus.
These adjacent states of very different
shapes seem to exist independently of
each other and do not 'mix. To
describe this behaviour, the Mainz
group has coined the term ‘flip-flop
nucleus’.

it does not seem as if the final
theoretical word has been said about
this exotic corner of the nuclear chart
around mercury 184, although the
main features now seem to be under-
stood. In qualitative terms the explana-
tion seems to hinge on the very dif-
ferent behaviour of the neutron and
proton systems in the nuclei. The
proton number of the mercury nucleus
is B0 which is close to the 'magic’
number of 82 where, according to the
shell model, a spherical shape is
favoured. The neutron numbers fall
midway between the magic numbers
of 82 and 126 where a permanently
deformed nuclear shape is favoured.

The apparent independence of the
two types of state poses interesting
theoretical and experimental ques-
tions. It looks as if the mercury beams
at ISOLDE will retain their popularity
for some time to come.

Hybrid detector
taking shape

in the beginning there were two types
of particle detector — bubble
chambers and electronic counters.
Bubble chambers were general-
purpose detectors used for a wide
range of different experiments over a
considerable period of time, while
counters were normally custom-built
for a particular experiment and so had
a relatively short working life.

This broad distinction became blur-
red as the electronic detectors grew in
size and large systems such as the
Omega spectrometer at CERN are as
much general-purpose particle detec-
tors as a large bubble chamber. In



Part of a map of nuclear stability as calculated
by S. Nilsson of the University of Lund. It plots
neutron number against nuclear deformation
factor (EPS) for nuclei with minimum proton
number. Zero deformation factor implies a
spherical nucleus, while a positive value
denotes a prolate shape (like a rugby ball) and a
negative value an oblate shape (like a pancake).
The contours show the relative nuclear
energies, with valleys of spherical stability near
the ‘magic numbers’of 20, 50 and 82 neutrons.
A valley of stable prolate nuclei can be seen
between neutron numbers 56 and 80.

addition, large bubble chambers like
BEBC and Gargamelle became used in
conjunction with arrays of electronic
counters to help identify emerging par-
ticles.

Now bubble chamber and counter
techniques are being fully integrated at
CERBRN into a single large ‘hybrid’
system for experiments at the SPS
which will use a ‘rapid-cycling’ bubble
chamber as the primary interaction
detector, together with electronic
counters for particle identification and
analysis. This hybrid system combines
the desirable features of the different
detection techniques and is especially
relevant to the study of strong interac-
tions at SPS energies.

This new project now getting under
way could provide insights into the
details of particle interactions at very
high energies and enable physicists to
exploit the high potential of the SPS to
the full. Called the European Hybrid
Spectrometer {(or EHS for short), it

already involves physicists from
Austria, France, Germany, ltaly, the
Netherlands and the UK and, very like-
ly, Belgium and the USSR as well as
CERN. Already some twenty univer-
sities and laboratories have expressed
an interest in using EHS, and several
Laboratories outside CERN are helping
in its development.

At SPS energies, interactions
producing large numbers of particles
are more abundant than at lower
energies, and special detection equip-
ment is needed to collect and analyse
the details. Without such equipment,
these plentiful reactions could not be
analysed so fully and much of the
potential usefulness of the high energy
accelerator would be lost.

The idea is to use a ‘rapid-cycling’
bubble chamber to photograph the in-
itial interaction which produces all the
many final particles, as bubble
chambers still provide the best way of
recording the details of complicated

interactions. The chamber will expand
30 times a second and take pictures
some 15 times a second (rather than
just twice a second as, for example,
with the late 2 metre bubble chamber).
This will enable data to be collected
much more quickly, so that experi-
ments will be able to accumulate more
data in a given time. Designing such a
high performance chamber requires
special expertise, particularly in
hydraulics and optics, but preliminary
work has shown that the problems can
be overcome.

After passing through the bubble
chamber, the secondary particles go
on to the downstream spectrometer.
As well as measuring the direction and
momenta of the particles, this arrange-
ment can also be set to ‘trigger the
bubble chamber when the particie
configurations of interest are pro-
duced. Plans are also well advanced
for a neutral particle detection system
consisting of two large photon detec-
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tors, which will enable the high mul-
tiplicity events at SPS energies to be
studied more fully by covering also the
interactions where neutral pions are
produced. This will considerably in-
crease the number of types of interac-
tion which can be studied.

The various parts of the EHS are be-
ing built by different European groups.
The Rutherford Laboratory is con-
structing the bubble chamber, which
will be about 80 cm in diameter and 40
cm deep with a volume of 300 litres.
The walls and piston of the chamber
will be lined with Scotchlite, as in
BEBC, so that the particle tracks will
show up black against a light
background. A 3 Tesla supercon-
ducting magnet is being built at Saclay
in France.

CERN is handling the overall project
coordination, the local infrastructure
and the necessary computer develop-
ments. Dutch and Austrian groups are
building some of the electronic particle
detectors. The first part of the
downstream spectrometer, which han-
dles particles of up to 30 GeV/c
momentum, uses multiwire propor-
tional chambers and drift chambers,
while the second part, handling the
higher momentum range, uses a sec-
ond large spectrometer magnet fol-
lowed by planes of drift chambers.

The first stage of the project, which
will provide for the detection and
measurement of charged particles, is
now under way and is scheduled for
completion by 1980. Manufacture of
the second stage, involving the photon
detection equipment, should soon
begin and a third stage is being plan-
ned to achieve charged particle iden-
tification.

ARGONNE
A diproton resonance ?

Recent experiments at the Argonne
Zero Gradient Synchrotron strongiy
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suggest the presence of a resonant
state composed of two protons, with a
mass of roughly 2250 MeV. Such a
resocnance, which would have an
electric charge of two units and a
baryon number of two, had previously
been thought too ‘exotic’ to exist in
Nature.

The experimental data which sug-
gest this unconventional particle state
come from experiments with a
polarized proton beam and a polarized
target, with the polarization of both
beam and target aligned along the inci-
dent beam direction. The difference
between the proton-proton total cross
sections with the beam and target
spins aligned in the same direction,
compared to when they are aligned in
opposite directions, was measured.
The difference is unexpectedly large,
and furthermore shows a striking
energy dependence near 1.5 GeV/c. In
terms of pure longitudinal spin states,
the parallel-spin cross-section is found

The heavy liquid bubble chamber, Gargamelle,
scene of some of the most important physics

_ results at CERN, has recently come back into

action in its new location to receive high energy
neutrinos generated by the 400 GeV proton
synchrotron, the SPS. The photograph shows
one of the first neutrino events recorded by the
chamber.

to have a peak near 1.5 GeV/c where it
is 50% larger than the anti-parallel
spin cross-section which does not
show such structure.

Earlier theoretical speculations were
that some structure might be observed
in proton-proton interactions in this
energy region, due to the threshold for
the production of the delta resonance
of mass 1236 MeV. However, this
wouid be expected in the singlet spin
state (rather than in the triplet states
contributing to the total cross-section)
and at a lower momentum near 1.2
GeV/c. The data seem consistent with
a diproton resonance with a mass of
2250 MeV, a width of 200 MeV,
elasticity greater than 20% and quan-
tum numbers of spin 3 and negative
parity.

In the simplest quark model of
hadrons, where baryons are made up
of three quarks and mesons of a quark-
antiquark pair, there is no room for
such a bizarre object as a diproton



The variation with energy of the difference
between the proton-proton total cross-sections
with spins antiparallel and spins parallel seen in
experiments at Argonne. The dotted curve is
drawn to guide the eye. The dashed curve
shows the structureless energy dependence of
the total cross-section when the proton spins
are antiparallel. The structure in the cross-
section difference is attributed to the pure spin-
triplet cross-section with spins parallel. (Open
circles represent data points which are still
preliminary.)
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resonant state. However, some of the
theoretical models, developed to ex-
plain the binding of quarks into con-
ventional hadrons, leave room for
states composed of more quarks than
just the required minimum. The ex-
istence of such ‘quark molecules’ is in
fact expected by some currently
fashionable models of hadron struc-
ture. Possibly the structure revealed by
the ZGS experiments for the proton-
proton system is the manifestation of
this next level of complexity in the sub-
nuclear world of the quark.

SACLAY
Large chambers
for the SPS

The Department of Elementary Particle
Physics (DPhPE) at Saclay has
successfully built and tested two
proportional chambers of 17 m? and

12 m? which will be used in experi-
ments at the CERN 400 GeV proton
synchrotron.

The larger chamber is a full-size
prototype of a chamber having four in-
dependent planes with a useful area of
17 m? each and a total volume of about
3 m3, which will be one of the compo-
nents of the spectrometer of the NA3
experiment to be installed in'the SPS
North Experimental Area at the begin-
ning of 1978. Built by the CERN / Col-
lége de France / Ecole Polytechnique /
LAL Orsay / Saclay collaboration, the
spectrometer will be used to study di-
muon production up to masses of at
least 10 GeV, hadronic processes with
large momentum transfer (jets), and
electron pairs and associated hadron
production.

These phenomena will be in-
vestigated with incoming beams
covering the energy region from 200
to 400 GeV. A circular aperture
magnet (1.60 m diameter) will provide

large acceptance requiring large parti-
cle detectors. Multiwire proportional
chambers were selected and the
largest is now being built at Saclay.

The prototype measures 4.25 x4 m?
and weighs 3 tons plus a supporting
chassis of 4 tons. It comprises a plane
of 1414 vertical wires between two
high voltage planes. The read-out
wires, 3 mm apart, are of gold-plated
tungsten 20 ym in diameter while the
high-voltage wires are of 25 ym Mylar
coated with a thin film of graphite
loaded paint.

There are two advantages in using
the graphite-Mylar the high
resistivity of graphite makes a cathode
wire unlikely to rupture in the event of
a flashover and it is very easy to tem-
porarily neutralise heavily irradiated
regions. The prototype has two rec-
tangular regions, with completely in-
dependent high voltage power sup-
plies, separated by a thin, ungraphited
strip 3 mm wide, which in the final
chamber will be located in the path of
the beam from the SPS (maximum in-
tensity of 108 ppp) and in the path of
the particles from the diffractive cone
of the interactions in the target.

The spacing between the planes is 6
mm maintained by a 5 mm Kapton
strip, folded concertina-fashion, with a
PVC-sheathed wire 1 mm in diameter
glued on its surface. These wires are
arranged perpendicular to, and in con-
tact with, the read-out wires, with a
spacing of 560 cm and, when taken to a
voltage of 1.5 to 2 kV, they make it
possible to correct any local inef-
ficiency caused by the presence of the
kapton strip. This system gives the as-
sembly the rigidity needed for the
proper operation of the chamber.

The electronics for the signals from
the read-out wires consists of MOS in-
tegrated circuits, of the FILAS type, as
normally used for proportional cham-
bers. It is installed on printed circuits
which are plugged into the read-out
wire base by a set of connectors allow-
ing the electronics to be replaced, if
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necessary, without disturbing the rest
of the chamber.

The gas mixture for the tests con-
sisted of 20% isobutane, 80% argon
and 0.1% freon, which gave an ef-
ficiency better than 99% over the
voltage range of 2.7 to 3 kV and was
completely uniform over the whole 17
m?2 area.

Four hexagonal 12 m? chambers will
be installed for the neutrino experi-
ment of the CERN / Dortmund /
Heidelberg / Saclay collaboration. A
tank filled with hydrogen or deuterium
is to be added in front of the existing
detector, to allow the interactions of
neutrinos and antineutrinos with
protons and neutrons to be studied
separately, and the chambers will
determine the point of interaction in
the tank.

Each chamber consists of three
layers of 1232 20 ym wires, spaced at
3 mm, and oriented in three directions
with an angle of 120° between them.
The read-out wires are fitted between
two graphited Hostaphan planes at
high voltage. A spacing of 10 mm
between the anode and cathode
planes is maintained by a Kapton con-
certina strip system. The electronics
are the same as for the 17 m? chamber.
The efficiency in the three elements of
the first chamber, using a gas mixture
of 20% isobutane and 80% argon, is
over 98 % with a voltage of between
3.5 and 3.9 kV.
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A large quantity of ancillary equip-
ment is needed for the construction of
these very large chambers, because of
their exceptional size and weight. It in-
cludes a wire-weaving loom, a loom
for tensioning the Mylar planes, an
automatic wire welding machine, a
spray-painting booth, handling devi-
ces, etc. One of the last, but certainly
not least, knotty problems to be solved
will be that of transport to CERN.
Saclay has already acquired some ex-
perience in this field with the transport
of the twenty drift chambers already
installed for the neutrino experiment.

Neutrons against
cancer

The Cancer Therapy Facility at
Fermilab treated its first patient a year
ago (7 September 1976). Since then a
total of 86 patients have completed
the prescribed course of radiation and,
overall, the results have been very
satisfactory.

The Facility draws a neutron beam
from a beryllium target bombarded by
66 MeV protons from the linac of the
500 GeV synchrotron. It has been used
for biomedical experiments, as well as
for cancer treatments, mainly aiming
to determine parameters of neutron
radiation which are important for
therapy and for comparisons with
other forms of radiation.

It has been gratifying that, with the
patients treated so far, the use of
neutron beams as the sole method of
treatment was very successful in con-
trolling radiation resistant tumours.
Side effects have been mild.

Encouraged by this experience, the
National Cancer Institute has extended
the research grant for the CTF for a
further three years and its budget has
been trebled. This will enable the
number of patients treated per day to
be increased and will also enable the
fundamental questions about the ef-
ficacity of neutron radiation to be
answered more quickly.

The Medical Research Council
Cyclotron Unit at Western General
Hospital, Edinburgh was officially
opened on 27 September. It houses a
cyclotron for the production of neutron
beams for cancer treatment.

Two neutron beams are produced
by the cyclotron and a special feature
is that one of them is steerable. The
compact cyclotron, manufactured by
The Cyclotron Corporation, provides
100 pA of deuterons at 15 MeV. A
switching magnet enables the output
beam to be directed onto a fixed target
or an isocentric target to give the
manoeuvrable beam.

The considerable clinical experience
in the use of neutron beams for cancer
therapy at the Hammersmith Hospital,
London, was of great value in the
design of the new unit. The first



The full scale prototype of the 17 m?
proportional chamber built at Saclay for an
experiment at the CERN SPS. On the right is the
first of four hexagonal proportional chambers
which are to be installed as vertex detectors in
the WAT neutrino counter experiment at the
SPS.

(Photo Saclay)

patients were treated in March of this
year and some 70 patients have now
completed their treatment. All have
received neutrons from the fixed beam
up to now and the steerable beam is
scheduled to be in operation in a few
months’ time.

A team of biologists (Frank Ngo,
Antun Han, Hiroshi Utsumi and Mor-
timer Elkind) from the Biological and
Medical Research Division at Argonne
are carrying out a detailed study of the
relative effects of neutron irradiation
and conventional X-ray and cobalt-60
gamma rays on cancerous cells.

They have access to three neutron
sources in the Chicago area each
covering a different energy spectrum.
These are — the JANUS reactor at
Argonne, the cyclotron at the Franklin
McLean Institute of Chicago University
and the Cancer Therapy Facility at Fer-
milab.

The results so far show that smaller
doses of neutrons than X-rays are
needed to kiil equal numbers of cells.
As the neutron energy increases {from
reactor energies to CTF energies) the
dose needed increases. Neutrons are
'more effective in killing the oxygen
starved, radiation resistant cells often
found in tumours. Also the cells are
less able to repair damage after
neutron irradiation.

1. The preparation of a patient for treatment at
the Cancer Therapy Facility at Fermilab in front
of the beam-line which brings neutrons from
the linac.

{Photo Fermilab)

2. The isocentric neutron beam equipment at
the Cyclotron Unit of Western General Hospital
in Edinburgh.

{Photo John Porteus)
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Physics monitor

From black bodies
to black holes

Recent work, which has brought
together the disciplines of particle
physics, general relativity and ther-
modynamics, has been acclaimed by
some physicists as the greatest single
advance in understanding since the
discovery of quantum mechanics. Until
these new developments, classical
thermodynamics was considered by
many as a closed book, but it is worth
remembering that Planck’'s original
discovery of quantum theory was in his
formulation of ‘black body radiation’
— a thermodynamical effect. With
these new developments concerning
radiation due to black holes, quantum
mechanics can be said to have turned
full circle.

As well as forging a link between
thermodynamics and particle physics
in a dramatic new way, these latest
developments are another example of
a growing trend to study common
problems in particle physics, astro-
physics and general relativity. As
Steven Weinberg points out in his
book ‘The First Three Minutes’, the
availability of high energy machines is
only now enabling Man to recreate
cataclysms such as might have occur-
red during the formation of our
Universe. This observation led one
cynic to suggest that Weinberg's book
be re-named The Last Fifty Years'.

What are black holes?

The intense gravitational attraction
which tends to make large stars like the
Sun collapse is balanced by an outward
pressure due to continual thermo-
nuclear fusion. This supply of fusion
energy is not inexhaustible and one day
the Sun will fizzle out and start to cool
down. As it does so, it will contract as
the gravitational attraction becomes
dominant and this contraction will con-
tinue until a ‘dwarf star’ is created in
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which the component atoms are frozen
into a compact solid instead of being
dispersed as a hot gas.

For stars somewhat more massive
than the Sun, the residual gravitational
attraction at the dwarf star stage is suf-
ficient to overcome the electroma-
gnetic force crushing the component
atoms so that the orbital electrons
combine with nuclear protons to form
neutrons. In such a ‘neutron star all
the Sun’s mass could be contained in a
ball of neutron matter some 20
kilometres in diameter.

For yet more massive stars, even the
pressure of closely packed neutrons
could not resist the stranglehold of
gravitation. It was J. R. Oppenheimer
and H. Snyder in 1939, who first
pointed out in the context of general
relativity that a star of these propor-
tions would collapse for ever. As far
back as 1796, the Marquis de Laplace
proposed that if a star were heavy
enough, its gravitational pull could be
sufficient to choke off its own light. It
took many years to discover that this
idea was also lurking deep inside the
field equations of Einstein's formula-
tion of general relativity.

When a massive collapsing star
reaches a critical ‘Schwarzschild ra-
dius’, the velocity needed by any pro-
jectile to escape its gravitational field
reaches that of light. At this point, even
light (and therefore information) can-
not escape from the star and any ob-
jects or radiation coming within its in-
fluence are sucked in, crushed by
gravity and lost for ever. Surrounding
the star is an ‘event horizon’, cor-
responding to the last sightings of
everything which is subsequently
swallowed up. It was John Wheeler
who first gave the name ‘black holes’
to these voracious concentrations of
mass.

Whatever falls into a black hole is
lost, implying that a black hole remains
a black hole whatever it may ‘contain’
or have devoured — even a black hole
containing antimatter would be in-

distinguishable from one containing
only ordinary matter. These are the so-
called ‘'no hair’ theorems of the black
hole researchers.

Black holes and thermodynamics

The Second Law of classical ther-
modynamics tells us that whatever
else may happen, there is an irreversi-
ble process going on throughout the
Universe in which overall organised
structure and activity invariably erode
away. This is quantified by introducing
the idea of entropy — a measure of the
degree of indistinguishability within a
single observable macrostate. Because
a black hole has indistinguishability, it
must have entropy, which furthermore
increases as required by the Second
Law as the black hole eats up more
material. It was proposed that the
entropy of such an expanding black
hole is proportional to the surface area
of its event horizon.

To extend this thermodynamical
picture of black holes, some notion of
temperature must be introduced. But
any body with temperature must
radiate heat, the more so the blacker it
gets — a good absorber of heat (a
black body — not to be confused with
a black hole ) is also a good emitter of
heat. Nothing absorbs better than a
black hole, so that a black hole must
radiate |

The only thing which can escape
from a black hole is gravity, and
Stephen Hawking proposed that the
intense gravity around the event
horizon of a black hole can create
particle-antiparticle pairs. Some of
these particles can fall into the hole
and be lost, while others escape.

If the antiparticle in the produced
particle pair is sucked into the black
hole while the particle escapes, this
process can be likened to a net outflow
of particles from the black hole. The
black hole is slowly being drained of
gravitational energy through this pair
production process. The net outflow of



Two ways of looking at particle emission from
black holes as a result of pair creation in the
intense gravitational field near the event
horizon. On the left, an antiparticle is sucked
into the black hole while the particle escapes.
Note that the boundary of the black hole shrinks
as a result of the energy lost. On the right is a
different way of looking at the same process,
with a particle tunnelling out of the black hole
backwards in time, but appearing finally as a
conventional particle.

these gravitationally produced parti-
cles constitutes the temperature radia-
tion of the black hole.

Simple arguments show that the
temperature of an electrically neutral,
non-rotating black hole depends in-
versely on its mass. This means that
such a black hole has negative specific
heat — as it radiates and loses energy
(mass), it gets hotter and radiates
faster, eventually evaporating away
completely. Like a snowman melting in
a sudden thaw and leaving no trace of
its existence, such a black hole would
disappear leaving no clue of the matter
and radiation devoured in its lifetime.

Hawking concludes that the intrinsic
uncertainty about the interior of black
holes is as intimately linked with the
underlying  mechanisms of the
Universe as is Heisenberg's Uncer-
tainty Principle. This idea is now em-
bodied in the ‘Principle of Ignorance’,
implying that gravity imposes a new
level of uncertainty orrandomness into
our picture of the Universe over and
above that imposed by quantum
mechanics. While Einstein himself
found quantum mechanics sometimes
hard to swallow, as epitomised by his
famous maxim ‘God does not play
dice’, Hawking now retorts saying that
‘God not only plays dice, sometimes he
throws them where they cannot be
seen’.

While there are many potential
astronomical candidates for black
holes, none of them have yet been con-
firmed; Cygnus X-1 is currently the
most likely contender for black hole
honours. Nevertheless, the concepts
continue to provide volatile fuel for
theorists” imaginations. Hawking's
new link between general relativity
and quantum mechanics provides the
first real example of a successful en-
counter between these two main
avenues of theoretical approach. That
the  synthesis was achieved by in-
troducing only thermodynamical argu-
ments could point towards a radically
new way of understanding.

particle

particle

More on
dibaryons

Results coming from polarised proton
experiments at Argonne have for some
time been giving indications of a possi-
ble dibaryon resonance. Now a full par-
tial wave analysis of the results gives
strong evidence for a dibaryon reso-
nance at 2260 MeV, with a width of
200 MeV, spin three and negative
parity (as reported in the ‘Around the
Laboratories’ section).

Only one dibaryon state — the
deuteron — is well established, but
some ten years ago in the heyday of
group theory, Freeman Dyson and N.H.
Xuong used the SU6 model to predict
the existence of a series of different
spin and parity dibaryon states as com-
panions for the deuteron. The deuteron
itself belongs in an SU3 decuplet in
this model, while each additional
dibaryon state has its own SU3 family.

In addition to the Argonne data,
measurements of proton polarisation
in deuteron photodisintegration ex-
periments at Tokyo have also indicated
the existence of a heavy dibaryon
state, this time with spin three and
positive parity, which is interpreted as
a bound state of two baryon resonan-
ces. Other dibaryon evidence has been
seen at Dubna, Berkeley and Ruther-
ford.

Evidence for a dibaryon resonance
was reported earlier this year by a
CERN/Heidelberg/Munich  collabora-
tion (see May issue, page 152). This ef-
fect at 2129 MeV with spin one and

- positive parity is in the lambda-proton

channel and corresponds to a unit
strangeness state in the SU3 multiplet
in which the deuteron, also with spin
one and positive parity, forms the
lowest-lying state.

While such experiments, using
statistics of precise polarisation
measurements, have only now begun
to show signs of the existence of these

companions for the deuteron, ad-
ditional dibaryon states could also ex-
ist as a result of quark ‘bag’ or 'string’
forces.

The continuing ability of the naive
quark model to predict particle proper-
ties, coupled with the continuing reluc-
tance of the quarks to reveal
themselves, has put physicists in a
dilemma. One way out of this dilemma
is the so-called ‘bag model’ which says
that quarks exist permanently confined
together. Normally these ‘bags’ which
hold the quarks are the usual baryons
and mesons, but additional bags could
exist containing, for example, six
quarks in a dibaryon system. Other
models use ‘strings’ of gluons to con-
fine the quarks (see June issue, page
199).

The attractive force between pairs
of baryons (as in the deuteron) is the
result of meson exchanges and is a
relatively long-range effect compared
with the sizes of the baryons
themselves. In the bag or string-
picture, the dibaryons are held
together by short-range colour forces
which give rise to whole new
spectroscopies over and above those
due to ‘long range’ interactions. These
additional baryon of number 2 states
could be detected in future
experiments.
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People and things

Money for ISABELLE

On 3 October it was announced that
the USA House-Senate Conference
Committee has included $ 10.5 million
in the 1978 authorization bill for ERDA
to start construction of the 400 GeV
proto-proton storage rings, ISABELLE,
at Brookhaven National Laboratory.
The project was upgraded from 200
GeV to 400 GeV energy per beam
following recommendations of the
science community (see August issue,
page 228} and of the House
Committee on Science and
Technology. This takes the total
project cost from $ 173 million to
$245 million.

ZGS programme

The programme at the 12 GeV Zero
Gradient Synchrotron has switched to
a four month run of neutrino beams

following completion in July of the.

counter physics programme with
unpolarized protons. The neutrino
experiments will be carried out with
the 12 foot bubble chamber filled with
deuterium and fitted with tantalum
plates for converting gammas. This run
will complete neutrino physics at the
ZGS and the machine will turn
exclusively to the acceleration of
polarized beams probably through to
the end of 1979.

Scientists for Spacelab 1980

In August the names were announced
of the German scientist candidates for
participation in the joint European /
American Spacelab mission to be
launched by spaceshuttle in 1980. The
ten member Countries of the European
Space Agency (ESA) had been asked
to propose candidates from whom
ESA will choose six. The final selection
of two Europeans, only one of whom
will join the first flight crew is to be
made by NASA in the mid 78. In spite
of these very slim chances of being
chosen after undergoing a lengthy
series of gruelling tests, over 2000
highly qualified scientists applied, 703
from the Federal Republic of Germany.
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Of the Germans selected, three are
active in high energy physics
Laboratories. Ernst Messerschmid is
working at DESY, Laszlo Baksay spent
three years in Carlo Rubbia’s group at
CERN (perhaps the best training for an
adventurous mission that could be
devised) and Klaus Zieher is at GfK
Karlsruhe.

Pelletron successes

The Brookhaven tandem Van de Graaff
achieved a record 14 MV on its central
terminal and accelerated heavy ions to
320 MeV following the installation of a
Pelletron. The Pelletron is an inductive
chain charging system which has
replaced the conventional charging
belt. The new voltage and energy
records (previously 13 MV and 250
MeV) are extending the research
capabilities at the tandem.

Experiments have begun on another
Pelletron heavy ion tandem, known as
the Koffler Accelerator, at the
Weizmann Institute in Israel. It extends
the range of ions and of energies which
can be studied compared to the
Institute’s previous 6 MV tandem.
Further development is under way with
the installation of an ‘electrostatic
charge selector, consisting of three
electrostatic quadrupoles, able to
remove unwanted ions from the beam
after stripping in the high voltage
terminal. With the selector, beams of
ions as heavy as Jiodine will be
accelerated to 225 MeV.

Nimrod prepares for SNS

The 7 GeV proton synchrotron, Nim-
rod, at the Rutherford Laboratory has
been used in some tests in preparation
for the construction of the Spallation
Neutron Source which will succeed it
as the Laboratory’s main research
instrument. The Nimrod energy was
held down to around 800 MeV and
short bursts of protons were sent to a
target to produce spallation neutrons.
Neutron yields, spectra, pulse shapes
and target configurations were
investigated to  provide more
information for the final SNS design.

Sensitive SQUID

One of ‘Industrial Research’ maga-
zines 1977 awards for technological
achievements went to a highly
sensitive device, named SQUID,
developed at Argonne for the
measurement aof magnetic fields.
Charles Falco and Cheng-Teh Wu
succeeded in perfecting a SQUID
which will operate at 15 K rather than
at liquid helium temperature and the
device can therefore be used in
conjunction with a small portable
refrigerator. The SQUID can measure
fields in the 107'® T range and has
potential applications in electronics,
geophysics and biomedicine.

On people

Malcolm Derrick has been appointed
Acting Assistant Laboratory Director
for High Energy Physics at Argonne
National Laboratory as Tom Fields is
taking a sabbatical year at CERN. Bob
Diebold will take over Dr. Derrick’s
previous position as Acting Director of
the High Energy Physics Division.

C. Thornton Murphy has succeeded
Brad Cox as Head of the Proton
Department at Fermilab.

Steven Weinberg has received the U.S.
Steel Foundation Science Writing
Award for his book ‘The First Three
Minutes’ in which he describes the
current ideas on the birth of the
Universe and the experiment evidence
which has led to these ideas.

On 29 September a ceremony was
held at Pavia University to mark the
150th anniversary of the death of
Alessandro Volta. At the ceremony
Felix Bloch, first Director General of
CERN, and Leon Van Hove, present
Research Director General of CERN,
were among the recipients of the
degree of Doctor Honoris Causa.

The High Energy Advisory Committee
at Brookhaven met at the end of
September. The present membership
/s R.R. Rau (Chairman), R.K. Adair,
M.A.B. Beg, K. Goulianos, S. Ozaki, F.E.
Paige, C. Quigg, J.L. Rosen, J.P.
Schiffer, F.J. Sciulli and H.H. Williams.

Two important figures at SLAC have
recently retired. Fred Pindar, Associate
Director for Business Services, moved



to SLAC at the beginning of the linac
project. Jean Lebacqz, Head of the
Klystron Department was the principal
designer of the klystrons which have
been crucial to the successful
operation of the electron linear
accelerator,

On 1 October, after four years in office,
Cambridge physicist Sir Sam Edwards
left the job of Chairman of the Science
Research Council (SRC), the UK
government agency responsible for
planning and funding pure research.
His successor is Geoffrey Allen, a
chemist.

The Polish Physical Society has
awarded its highest scientific
distinction for 1977, the Marian
Smoluchowski Medal, to Victor F.
Weisskopf for his contributions to
science.

HEP money in UK

During his four years as Chairman of
the SRC, Sir Sam Edwards has had to
cope with a chronic cash shortage as a
result of the UK government’s general
cut-backs in public sector spending.
Taking inflation into account, the
spending power of the SRC’s budget
shrank by over eight per cent and the
impact was especially felt in research
areas like high energy physics which
take the largest portions of the budget.

2.

In the proposed levels of public
spending, still further reductions are
likely over the next four years. The big-
gest cut could come in the nuclear
(high energy) physics budget, whose
slice of the SRC cake could be whittled
down from its present 36 per cent to
26 per cent by 1981/2. Physicists W.
Burcham and J. Polkinghorne have
already spoken out against the further
proposed cuts.

Meeting of ICFA

On 371 August the Inter-regional
Committee for Future Accelerators
(ICFA) met at Hamburg under the
Chairmanship of Bernard Gregory. The
Committee has been set up under the
auspices of the International Union for
Pure and Applied Physics (IUPAP) to
provide a forum where representatives
of the various regions of the world
involved in high energy physics can

“meet to discuss further cooperation in

the use of existing and planned
facilities and the long-term possibility
of collaboration inthe construction of a
‘Very Big Accelerator (VBA). All
regions were represented at the
Hamburg meeting and it was decided
to set up Study Groups to provide ICFA
with the basic information that it needs
to nurture collaborations. The Com-
mittee plans to meet again early next
year to draw up a list of topics for the
Study Groups to tackle.

1. Steven Weinberg who has won a Science
Writing Award.

2. Felix Bloch when first Director General of
CERN.

3. Leon Lederman (busy on his memoirs ?).

Unauthorized autobiography

In the flurry of excitement about the
Upsilon discovery, the following
‘unauthorized autobiography’ appear-
ed in the Fermilab newsletter ‘The Vil-
lage Crier’...

Leon Lederman is one of the oldest,
barely active particle physicists seen at
Fermilab. He began his career back in
1946 when delivering a telegram to
someone in the Pupin Physics building
of Columbia University, he got lost in
the labyrinth of tunnels and emerged
four years later with a Ph. D. He began
his research at the Nevis cyclotron and
helped invent the first pion beam. He
started counting pions in 1951 and
when he reached 4722938, two of
his graduate students hung them-
selves, and one was committed.

In 1953 he carried out a brilliantly
concelived pion scattering experiment
that missed the N* resonance. His
period of greatest creativity came in
1956 when he heard a lecture by Gell-
Man on the possible existence of
neutral K mesons. He made two
decisions: First, he hyphenated his
name. Then he determined to find the
neutral K meson. Working at top speed
Lede-rman and his group constructed
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an accelerator at Brookhaven and put
the cloud chamber in the beam. In
1956 they found the neutral K meson
and proved that charge conjugation is
conserved in weak decays.

Flushed with success lLede-rman
decided to have an END OF RUN
PARTY. Unfortunately, due to a typist’s
confusion, it came out END OF PARITY
RUN and led to the widespread, but
mistaken, notion that parity had been
violated. This also proved that charge
conjugation was not conserved in
weak decays. Oh well. Lede-rman was
promoted and sent to CERN. There he
started the famous g-2 experiment and
managed to confuse it so badly it took
26 physicists nineteen years to finish.
Incidentally, while at CERN he in-
vented G. Charpak who in turn in-
vented all the detectors currently used
in high energy physics.

In 1961 he worked under M.
Schwartz and J. Steinberger on neu-
trinos. He was in charge of finding
neutral currents. Schwartz was in
charge of finding Lede-rman. In 1968
he invented the di-muon experiment
and missed the J/Psi particle. In 1969
Lede-rman invented the high speed
digital computer but his ideas were
stolen by IBM. Since that time he has
resolutely refused to use computers.

In 1972 while at CERN to see what
was delaying the g-2 experiment, he
was adopted by the reknowned CCR
group who were busy discovering high
transverse momenta. Lede-rman was
put in charge of discovering the J/Psi
but failed because he accidently ir-
radiated all the lead glass. In 1974 he
gave the main Fermilab dedication ad-
dress. Fortunately , his words were ob-
scured by an unusual wind. His group
then looked for direct leptons and mis-
sed the J/Psi. The great success of E-
288 experiment owes much to the fact
that Lede-rman was very busy on his
memoirs during most of the crucial
phases of the Upsilon experiment.
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Visit to Peking

From 20 to 27 September the CERN
Executive Director General, John
Adams, and the Leader of the SPS
Division, Michael Crowley-Milling
visited Peking at the invitation of the
Chinese Academy of Sciences to dis-
cuss collaboration between the
Academy and CERN, in particular in the
design and construction of particle ac-
celerators.

This visit is the latest in a sequence
of contacts which began in the Sum-
mer of 1973 when a delegation from
China, headed by Chang Wen-Yu,
made an extensive tour of high energy
physics Laboratories in the USA, CERN
and DESY. There were subsequent
reciprocatl visits to China, for example
by Bob Wilson and Ned Goldwasser
from  Fermilab, Willi Jentschke,

Georges Charpak, Leon Van Hove and
Vicki Weisskopf from CERN and Pief
Panofsky from SLAC. In the Summer of
1976 a more specialized delegation of
Chinese physicists and engineers, led

by Tu Tung-Sheng, spent several
weeks at CERN in a detailed study of
accelerator technology.

During 1974 the Chinese Academy
set up a High Energy Physics Institute
in Peking with Chang Wen-Yu as
Director. There are now about 600
staff with activities in accelerator
technology, experimental physics,
theory (nuclear structure and field
theory), workshops, new technology,
computers...

The visit of John Adams and
Michael Crowley-Milling was an in-
tense week of lectures, discussions
and tours at the High Energy Physics
Institute, other Institutes of the
Academy {Atomic Energy Institute and
Computer Science Institute) and
Peking industries.

While they were there, it was of-
ficially announced that a model ac-
celerator will be built at the High
Energy Physics Institute as a first step




John Adams is greeted by the Chinese Vice-
Premier, Teng Hsiao-ping, during the visit to
China at the end of September.

towards ultimately achieving a ma-
chine which will be at the frontier of
research. The model is presently en-
visaged as a 1 GeV proton ring fed by a
3 MeV linac and a 250 kV Cockroft-
Walton pre-injector. Its construction is
intended to train accelerator builders,
to clarify the capabilities of Chinese in-
dustry in component construction and
to give experimental physicists some
experience of a working machine.
The subsequent step is envisaged as
a 5 GeV fast cycling booster fed by a
30 MeV linac and a 250 to 750 kV
Cockroft-Walton pre-injector. A 200
GeV Main Ring is then seen as the third
step. These plans are tentative and
may be modified in the light of the dis-
cussions during the visit and in the
light of experience in the coming years.
The Chinese science community
recognizes that, at present, it is inex-
perienced in accelerator technology
and is keen to learn from the ac-
cumulated experience elsewhere. At

the same time, they are determined to
implement the accelerator construc-
tion themselves. It is in this light that
discussions about possible collabora-
tion between CERN and the Institute
took place.

The visit and the discussions on col-
laboration happened at a most oppor-
tune moment. On 18 September a
statement was issued by the Central
Committee of the Chinese Communist
Party announcing a National Science
Conference for the Spring of 1978.
The Statement reversed many of the
policies of the past ten years with
regard to science and technology.

It calls for modernization of science
and technology so as to have scientists
and technicians of world rank and the
most advanced scientific research
facilities. It underlines Chairman Mao’'s
principle of ‘learning from abroad and
creating independently’. These dic-
tums are likely to influence the form of
any collaborations which develop.

The official photograph of the meeting with the
Chinese Vice-Premier Teng Hsiao-ping. On the
back row on the left is Pan Huj-pao (Engineer at
the High Energy Physics Institute), fourth from
the left is Li Yi{Leading member of the Institute)
and fifth Yen Hung-mo (Leading member of the
Academy of Sciences). On the front row second
from the left is Chang Wen-yu (Director of the
Institute), third is Michael Crowley-Milling
{Leader of the CERN SPS Division), fourth Li
Chang (Leading member of the Academy), fifth
John Adams (Executive Director General of
CERN), sixth is Teng Hsiao-ping, seventh is Mrs.
Rene Adams, ninth is Tsien San-chiang (Deputy
Secretary General of the Academy).

John Adams and Michael Crowley-
Milling returned with memories of the
warmth of the reception they received,
of the openess of all the discussions
and of the eagerness of the Chinese
scientists to make their mark in our
field of research as quickly as possible.
[t looks as if we can welcome new col-
leagues to the international com-
munity of high energy physics. The
contacts which have begun so well are
likely to become more frequent and
fruitful in the future.

339



National Research
Council Canada

Conseil national
de recherches Canada

Experimental High Energy

PHYSICIST

The Division of Physics requires an experienced
experimental High Energy Physicist at a level
equivalent to Associate Professor or above. The suc-
cessful applicant would work closely with a group of
physicists made up of seven experimentalists, three
theorists and several research associates. He/She
would be expected to initiate and energetically carry
out research at modern accelerators. The environment
is one where initiative and energy would reap real
rewards for a research oriented person. The group is
partly made up of staff at Carleton University, also in
Ottawa, Canada, which has a sophisticated high
energy instrumentation capability. Work is currently
being carried out in Boson Spectroscopy at high
energy accelerators, and meson physics at
intermediate energy faculties.

Salary : approximately $ 24,500 and up, depending on
qualifications.

Please apply in writing giving complete details of
education and experience to the Employment Officer,
National Research Council of Canada, Ottawa, On-
tario, K1A ORBG. In reply, please quote P-77-1057 A.
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Landolt-Bornstein

6th Edition and New Series

Numerical Data
and Functional Relationships
in Science and Technology

LANDOLT-BORNSTEIN presents the most recent research results to
physicists, chemists, and engineers — reported as completely and
accurately as possible. Primary literature in physics, physical
chemistry, geophysics, astrophysics, and engineering is critically
evaluated. Numerous citations of source literature in every chapter
enable the scientist to research even further.

A single numerical value characterizing a given physical or chemical
property is seldom as relevant to the scientist as its dependence on
varying physical parameters — such as temperature, wave-length,
pressure, or the composition of a solution. These physical functions
are therefore given special attention and are often represented
graphically.

Each group of volumes deals with one area of science: nuclear and
particle physics, crystal and solid-state physics, macroscopic and tech-
nical properties of matter, geophysics, astrophysics, and technology.
LANDOLT-BORNSTEIN is continually expanded and brought up to
date with the appearance of each new volume.

A single volume general index in English and German is in preparation
for the 6th Edition and the New Series and will appear sometime
during 1977. This will aid the user even more in locating the specific
data he needs. The table of contents and introduction to every New
Series volume are in English and German, or in English only.

Many volumes are completely in English. Even the German-language
volumes can be used effectively by the English-speaking scientist since
LANDOLT-BORNSTEIN contains primarily numerical data and
graphs.

The first edition of LANDOLT-BORNSTEIN appeared as a single
volume in 1883 and has since been subdivided by subject groups into
63 volumes. LANDOLT-BORNSTEIN’s comprehensive treatment has
for decades made it a vital and reliable source of information for the
natural scientist at universities, colleges, or in industry.

Springer-Verlag
Berlin
Heidelberg
New York
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Frégquencemeétres universels série 2710/11
pilotés par microprocesseurs

Nouvelle génération de fréequencemétres a la fois per-
formants et simples d’emploi.

Plages de fréquence 120 et 520 MHz @ mesures effec-
tuées par la méthode réciproque @ périodemetre et
chronomeétre avec résolution 10 ns @® mesure de
phase de 0,5 Hz a2 1 MHz avec résolution 0,1° @ trois
oscillateurs de référence @ interface systéme (IEC)
pour programmation et traitement des informations

NI T IR

cq e @

Deux voltmétres inhabituels avec traite-
ment «on line» des valeurs mesurées

De nouveaux horizons s’ouvrent grace aux nouveaux

voltmétres a microprocesseur modéles 7055 et 7065,

Outre les fonctions voltmeétres-ohmmétres, précises

et rapides, ces appareils permettent le traitement

«on line» de 8 programmes et 16 présentations des

résultats

@ 3 fonctions de mesure DC, AC, Ohm

® longueur d'échelie a choix (3 x93 6 x 9)

@ haute précision et linéarité

® 43 mesures/sec avec affichage 5 x 9

@ 4 interfaces: binaire, BCD, RS 232, IEC

® et en plus, un choix incomparable de traitements
de I'information tels que:
multiplication/division @ % de déviation offset @
quotient ® maxima/minima @ limites @ statistiques
@ températures @ horloge numérique, etc.

Pour en connaitre davantage sur ces appareils euro-
péens, demandez-nous une démonstration ou I'envoi
d’une documentation détaillée.

Systeme d'acquisition de données 3430
alimenté par réseau ou batterie

Compact et facilement portable @ 30 entrées analo-
giques / 20 entrées digitales @ linéarisation pour 7
types de thermocouples @ détection de limites et en-
registrement des canaux en alarme @ périphérique
incorporé ou extérieur @ prix imbattable
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Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Stesalit AG
Kunststoffwerk
CH-4249 Zullwil SO
Telefon 0618006 01
Telex 63182

Announces a new series of low cost
electronics modules for nuclear physics

First coming:

Multi ADC Programmable Logic Unit

o WE ARE A YOUNG FIRM IN
®16 ADC channels s ® a programmable unit wich

in a single width 222 allows any logical functi THE FIELD OF NUCLEAR
CAMAC module on of the ten inputs

® six independent outputs

ELECTRONICS, BUT WE
® hybrid technique
@ three operation modes :

TAKE ADVANTAGE OF
® charge sensitive overlap, strobed, strobed+
shapedp MANY YEAR EXPERIENCE

®12 bit S, o NIM or differential ECL IN RESEARCH LABORATORIES.

® Fast reset in/out

@ propagation time indepen

@ common gate o dent of the chosen logi-
cal combination

@
@z
@,
©-
@ s
8;
®
-
o
©)
FQ

PLEASE WRITE OR CALL US FOR

INFORMATIONS AND FRICE LIST:

NORTH ELECTRONIC SYSTEM S.rl . Localita Molino Vecchio - 17041 ALTARE (SV)- ttaly
: Tel.(019) 58.40.33




Programmable CAMAC

Color Display Driver Model 3232

Compare these features . . . .

o BLACKANHITE AND 8-LEVEL GRAY-SCALE OUTPUTS IN
ADDITION TO COLOR )

e BOTH 625-LINE AND 525-LINE OPTIONS AVAILABLE
e UPTO 2048 CHARACTERS PER DISPLAY

e VERSATILE CHARACTER SET: ;
~ Upto 256 characters in PROM {4 sets of 64 characters each)
-~ Up to 256 characters in Symbol Memory that is written

from Dataway

o SELECTABLE ON A LINE.BY-LINE BASIS:
— Width of character {64, 48, 32, or 16 characters per line)
~ Height of character {normal or double-size)
— Spacing between lines

s SELECTABLE ON A CHARACTER-BY-CHARACTER BASIS:
 —~ Character color
— Background color

-~ Flashing

+ POINT PLOTTING CAPABILITY WITH 256 X 128 POINT
RESOLUTION

¢ COMMANDS TO ERASE THE DISPLAY
s COMMANDS TO ROLL THE DISPLAY
¢ EXTERNAL LAM SOURCE

o EXTERNAL INPUTS TO MOVE THE CURSOR BY JOYSTICK,
TRACKBALL, ETC.

* SYNC OUTPUTS TO ALLOW MiX!NG OF 3232 VIDEO WITH
CAMERA VIDEO

Additional information available upon request.

lﬁ\<<< Kinetic Systems International 5.A.

6 Cheminde Tavernay » 1218 Geneva, Switzerland = Tel. (022) 98 44 45 « Telex 28 9622
KineticSystems Corporation » 11 Maryknoll Drive * Lockport, lllinois 60441 * Tel. 8158380005 * TWX 910 638 2831
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FOR PARTICLES PHYSICS

AN IMPROVED RESOLUTION
OF LEAD GLASS CERENKOV
GAMMA DETECTORS WITH THE

NEW SOVIREL“CEREN" GLASSES

o from 17 to 43 mm radiation length e hz§h 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 é
Tél : 739.96.40 - Télex : 620014 SOVIVER LVALL CORNING N.Y. 14830/Phone: (607) 974.76.10 o

Bélectionner dans le monde
entier pour nos clients les

—meilleurs moyens de
résoudre les problémes
technigues qui se posent &
eux, c'est déja devenu
presque un hobby pour les
ingénieurs de Leitgeb!
Voici, par exemple, un des
principaux produits de la
société Transduktor
Winding AB:

Sm~ demande, €g
livrable jusqu’d EQOOQ k;lovol
ampéres. r
Pourquol connaft-il un succes
croissant ?
|~ poids minime
- —volume restreint
- — bruit de fond presque
: inexistant ‘
) « ~ champ de digpersion rééu&t
Le : . i — peu de pertes dues a la
marche a wde ‘

|' | I'm ‘ “r a re Et, ‘avec tous ces avantage@ 11 gst & peme
plus cher qu'un transformateur traditionnel.
Faites un essail

D. Leitgeb SA
8600 Dubendorf, Ueberlandstr. 199
Tél. 01/820 1545, Télex 55547

Ing. D. Leitgeb
A-9800 Spittal/Drau, Lagerstr. 51
Tél. 04762/4022, Télex 48 191
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SPECTRUM MONITOR

ne694

a1024-channel
analyser in
3 NIM widths

Ancillary NIMS available:

The NE 4694 is a simple inexpensive 1024-channel
analyser, with built-in ADC, designed for monitoring
signals in large dedicated nuclear electronic systems. ltis
also ideally suited for teaching and other applications
requiring simple facilities.

Spectrum display is readily obtained with the NE 4699
Display or with most oscilloscopes and recorders.

NE 4699 Display, NE 4698 Integrator,
NE 4624 Clock, NE 4601 + NE 4626 Bin,
NE 4655 Low Voltage.

Request full details and new NIM
Catalogue from:

Features:

In-built ADC, 80MHz
Unipolar or Bipolar
0-10V input

Gated charge

sensitive input option
Channel capacity: 105-1

Channel content on
LED display

Channel selection
markers set by
digiswitch

X, Y, and Z outputs

for display oscilloscope

1024-channel
memory with
subgrouping

Subgroup selection:
1024, 512, 256

Compatible
Integration Module
available

Analyser or
Multiscaler operation

Parallel or serial data
output

NUCLEAR

ENTERPRISES
S.A.

25 Chemin Francgois-Lehmann,

1218 Grand Saconnex, Genéve. @]
Tel. [022] 98 16 61/62 Telex 289066.

Associate Companies

Nuclear Enterprises Ltd., Sighthill,

Edinburgh EH11 4EY, Scotland. Tel. 031-443 4060
Telex 72333 Cables Nuclear, Edinburgh

Nuclear Enterprises GmbH, Schwanthalerstrasse 74,
8 Minchen 2. Germany. Tel. 53-62-23 Telex 529938
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HIPOTRONICS DELIVERS

MEGAWATTS

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 aliows 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:

a Capacitor Bank Charging

& Klystron Tubes

m Travelling Wave Tubes

m High Powered Lasers

= 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




E. LOTTI S.A.

PLUS DE
5000 PRODUITS
EN STOCK

Réactifs MERCK
Scintillateurs CIBA-GEIGY

Produits
® de recherches VENTRON-ALFA

@ pour purification des eaux
(NaBHs) VENTRON

® pour recherche électronique
et nucléaire ESPI

e biologiques GIBCO
e chimiques purs

Responsable: M. F. RIONDEL, ingénieur chimiste

8, RUE BAYLON, 1227 CAROUGE

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

Designed to
wash away
damaging
contaminants.

Haws Model 7060-B
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.

®

INTERNATIONAL

Laboratory Units - Freeze-
Proof Units

Decontamination Stations -

Haws Emergency
—"aws Equipment: Eye/Face-Wash
B Fountains » Drench Showers

BELIX

-the specialists
in top quality
standard and
custom-built
modular
power supplies

With a traditional emphasis on the design and manufacture
of custom-built power supplies to individual specifications,
our various standard ranges offer an attractive modular
system for engineers preferring complete interchange-
ability.

Our well established NiM and CIM 8905 system standard
modules ranging from 5V @ 2A to 30V @ 5A are proving of
great interest to an ever increasing international circle of
engineers.

The switching mode standards which are incorporated in
equipments throughout the world, offer rated outputs from
50VA to 300VA from 5V to 28V with load regulation from
0.02% from no load to full load and line regulation typically
0.02% with a line voltage change of + 10%.

Linear standards range from the low-power units driving
operational amplifiers through to the well-proven 500V
types, thus offering an extremely comprehensive range of
modular power supplies.

To find out more about Belix modular power supplies, con-
tact the Sales Department.

:I #I?:Ir(i_thinking PSU’s-
L1

HNBELIX
:I The Belix Company Limited

175 Hook Road, Surbiton, Surrey,

L England. Telephone 01-397 0921
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You too shoul make use of our
Know-How in the field of

Light Structures Technology!

Our experience for decades:
estructures made of fibre reinforced synthetic materials
efibre reinforced synthetic foams
sbonding technique ®sandwich plates estructures

Contact: Contraves AG, Schaffhauserstr. 580 , CH-8052 Zirich

Un groupe de niveau européen

/-\ dans
nNET 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 Pébre tél. (91) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X° tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74 -ANNECY 6, avenue de Mandallaz tél. (50) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (560) 419133

Fournisseur du CERN 3 Genéve, du CEA a Marcoule, Pierrelatte, Cadarache,
La Hague, de I'ONU et de I'UIT a Genéve.
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Angst i Pfister Y

VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE

® 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

® ELEMENTS DE TRANSMISSION

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

e JOINTS D'ETANCHEITE

standard ou sur plans en tous matériaux

TEL.: 022/9642 11
TELEX: 22675APG

1219 GENEVE-LE LIGNON
ROUTE DU BOIS-DES-FRERES 52-54

Specialized for 35 years in the field of electromagnetic coils
and castings, the firm of S.E.G.C.E.M. has carried out a great
deal of work characterized chiefly by the originality of the
methods applied and the electrical and magnetic perfor-
mance levels which resulted.

Débitmetres
GEC-Elliott, Rotameter Works, Croydon

In areas where such parameters as volume, power, or
temperature must be at a minimum, S.E.G.C.E.M. is in a
position to recommend effective and reliable approaches to
applications of very high current density, suitable forms of
coil windings, and cooling systems employing water or
natural or forced ventilation.

By contrast, some coil windings have been designed for
operation at high temperatures ranging up to 450°C.

A supplier to the nuclear energy industry, S.E.G.C.E.M. has
designed and built equipment components resistant to
radiation environments. The line of products which can be
offered ranges from small windings weighing but a few
grams up to massive items of equipment weighing several

) | 2

" PROCEDES L. POULAIN

Société Anonyme
au Capital de 300.000 Francs

1, rue d'Anjou

Z.l. DES BETHUNES
TELEPHONE 037 39-80 +
ST-OUEN L'AUMONE
{Val d'Oise)

Adresse postale:

B.P. 402 95005 CERGY

Appareils calibrés et
non calibrés
pour liquides et gaz

livrables ex stock Zurich type 1100

Vannes
a pointeau

en acier inox
au chrome 4421
et chrome-nickel-molybdéne 4436

Armatures Phonix

vannes d’arrét et de réglage

‘Hofer

technique a haute pression

Demandez la documentation auprés de

WiEAE Oerlikonerstrasse 88
tél. 01/4640 40

vorm. WISMER AG 80b7 Zurich

352




The new Type 1008 Preset Counter/Timer from Borer

Provides timing from a microsecond up to years in
sequential time programming jobs, watchdog-timing,
nuclear counter/timer applications, for digital gate
generation, frequency division, etc.

17,683ms

@ Has two identical 24-bit preset counters

with a guaranteed counting resolution of 35 MHz

@ Has a built-in crystal time-base .

28}15

|

which can be used by either or both counters —
) —»J(— 4/Js

—»_l‘— 4}_]3

@ Has buffer stores for preset values Typical timing operation that can easily be handled
counters can be restarted within 100ns of the preset figure being reached by the Camac Type 1008 Counter/Timer

@ Has switchable TTL/NIM-level I/0’s

can thus adapt to any combination of industrial/laboratory signals

@ Intermediate readouts possible

. . . 4500 SOLOTHURN 2
@ Single-width low-priced Camac module tel: 065/31 11 31

PCP, inc.
ION MOLECULE REACTOR

AND QUADRAPOLE
MASS SPECTROMETER |

...for chemical analysis and physical
chemistry applications the Model MMS-160
will perform studies in:

B ion molecule reactions kinetics

W lon mobility with mass
identification

B Mass analysis with precursor
identification

W Chemical analysis at threshold
level to 10-12 mole parts

B Chemical analysis at 10-14 to
10-9 mole amounts

Instrumentation is available for direct purchase,

or specific analysis and measurements for your
applications can be performed in our laboratories.

For complete details and informative technical literature
please contact:

DENIMEX DEVELOPMENT CORPORATION

CH-1605 CHEXBRES, Switzerland m Phone: 021-56-14-24 m Telex: (845)24642(DNIMXCH)

SWITZERLAND
telex: 34228
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Modular power supplies

Precision
Power Supplies

Stability upto 107¢ ; up to 300 kW ; up to 300 kV

for all applications

A selection of popular units economically priced.

Type v | Unitprice Magnets Microwave tubes
b24 5\ 500mA 110.—

542 5V 1A 25— H -
P oy A e Superconductors Capacitor charging
536 +12V 100mA 115.—

537 +12V 200mA 136.— H =l

205 15y ooma e Beam deflection Multipliers

565 +15V 200mA 135.—

Delivery from stock.

Short circuit protection: current limiting.
Operating temperature range: —25°C to +71°C. .
Excellent regulation. Control and Measuring Technigues

Ask for the complete catalogue. Happinger Strasse 71
8200 Rosenheim

Dewald AG Seestrasse 561 Tel. 01451300 H@HWZHN@ER Tel. 08031 - 66397/66116

8038 Ziirich  Telex 52012 Telex 0525777 hemes d

~
/

CAMAC-CRATES 200-500 W w

WES CAMAC TEAM
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043

i, o, A .

® CERN COMPATIBLE, PLUGABLE
POWER BOX

@ PLUGABLE FANUNIT

@ DISPLAY SHOWS: STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

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

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

WES-CAMAC-TEAM

represented in Switzerland by
QANBERRA-STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070 j
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SEN is back with
THE RED LINE

FE-NIM modules

This month, we introduce the heart of the range:

FAST DISCRIMINATORS

FD 254
8 channel Updating

— 100 MHz updating operations

— zero dead-time 200 MHz fast veto

— improved temperature stability

— designed for ease of maintenance uses standard components
— eccellent sharpness, even at < 30mV threshold

1 per channel

input

threshold from < 30mV to - 1V common for 8 channels
screwdriver adjustable

threshold

monitor 10 x threshold, accuracy + 1%

output 3 per channel (FD 254) 1 per channel, driving one
or two outputs using the LEMO FY/00-250 new
adapter. (FD 255)

width from < bns to > 40ns screwdriver adjustable
rise time : < 2ns
fall time : < 2ns (2 outputs loaded)

fast veto 1 per 8 channel zero dead-time

doubie pulse

resolution < 10ns

max. freq. 100 MHz (200MHz input)

1/0 delay < 1bns

time slewing

< 1ns for 10% to 100% overdrive

FD 255

16 channel Updating

s

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - TIx 202553F, F - 94 - RUNGIS — Germany: SEN ELEKTRONIK GmbH;

N Postfach 223; Tel. 04 103 62 82 - Tix 2189 548d, D - 2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8;
Tel. 089 9167 10 - Tix 529 167d - D - 8000 MUENCHEN 81 — Switzerland: SEN ELECTRONIQUE SA.; CP 39;

Tel. (022) 4429 40 - Tix 23359ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03;

Tix 58257ch - CH - 8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.

9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.

Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31; Tel (022) 44 29 40 - TIx 23359¢ch - CH 1211 GENEVE 13.
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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, NbaSn, VaGa. With monolithic or mul-
tifilament wires, mixed-matrix conductors or
tapes. Conductors with any reasonable cross
section or aspectratio. In braids, cables,
sheathed and reinforced systems.

And we'll sell you one, evenif we have to
design itfirst. 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
of liguid 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

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

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

We left room (lower right) for you to sketch
what you want. Send us your cperating require-
ments. We may have an off-the-shelf system that
already will do your job. f we don't, we might be
able to inventa 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. Orwrite Dr. Erik Adam, Airco Inc.,
100 Mountain Avenue, Murray

Hill, New Jersey 07974,U.S.A. / IRGO, Inc



in X-t recordi

Meet the Philips Compact
series of X-t recorders: a new
dimension in size - four new
dimensions in price and
performance! Build these
recorders into a 19" rack, or
stack them on the bench. Make
notes on their projecting, flat-
bed writing table; check the
trace at the pen-tip, or check it
over the complete length of the
Z-fold chart book. Quickly and
conveniently. Chart packs are
easily exchanged, easy to
handle and to file. The writing
system is clean and very
reliable. No spills - no drying
out.

And there’s a Philips
Compact X-t recorder for each
application and each budget.
For dedicated OEM use and for
general laboratory recording.
With one pen or two pens; with

PHILIPS

% Instruments

Test & Measuring

single or multirange input
modules; with or without
remote control facility.

Ask for full details, a price
quotation or a demonstration
from:

Philips SA

Dépt. Science et Industrie
case postale 1196 Gland
Tél. 022/64 2121

A convenient, projecting writing table
also supports the hand while making
notes on the graph paper.

PM 8251 and PM 8252: single-
and two-pen Standard
Compact Recorders

® 250 mm effective chart width

® 12 calibrated input ranges from
10 mVto 50 V fsd, or variable from
3mVito 50 Vfsd

® Accuracy: better than 0.5%

e Step response: 0.6s

e Chart speeds from 0.5 cm/min to
30 cm/min

PM 8202 and PM 8222: single-
and two-pen Modular
Compact Recorders

® 250 mm effective chart width

® 12 calibrated input ranges with zero
suppression, or single range input
sensitivities from 1 mVto 50 V fsd

® Accuracy: better than 0.5%

® Step response:0.25s

e Chart speeds from 3 cm/h to

6000 cm/h

e Options for temperature recording,
remote control and retransmitting.

PHILIPS
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ave time, money and anxiety
with EIMAC's100 kV,
long pulse switch tube.

EIMAC's new X-2062J
ceramic-metal tetrode switch
tube is admirably suited to the
tough service involved in high
voltage; high current, long pulse
operation.

Look over these outstanding

features:

1. High holdoff voltages—in
excess of 100 kV.

2. High pulse current—85 am-
peres at a pulse duration up to
one second.

3. Low internal tube drop at
maximum current—about
2 kV. An ideal modulator.

4. Pulse rise and fall time easily
adjusted. No deionization time
to frustrate you.

5. Minimum sensitivity to load
changes. Short or open
circuit? High reactance?

The X-2062J accepts these
burdens in stride.

6. Fully responsive to load arcs.
Rapid turn off time.

7. Fully effective as a combina-
tion modulator and regulator
where high plate voltage is
required.

Interested in this state-of-the-art
switch and regulator tube for
controlling neutral beams,
megawatt radars or similar tough
applications? Contact Varian,
EIMAC Division, 301 Industrial
Way, San Carlos, California
94070. Telephone (415) 592-1221.
Or contact any of the more

than 30 Varian Electron Device
Group Sales Offices throughout
the world.

varian




Ein vollsﬁindiges Sortiment
von Gasen und Gasgemischen
fiir die Schweisstechnik

Un choix complet
de gaz et mélanges de gaz
pour la technique de soudage

® Sauerstoff
Oxygéne
{02)

® Azetylen-Dissous
Acétyléne-dissous
(CaH2)

o Kohiendioxyd
Acide carbonique
(CO:2 «S»)

& Argon’
(An)

® Argongemische
e W Mélanges d’argon

® Carmig
(Ar/COz - Ar/C02/02)

e Carmox
{Ar/0O2)

e Carbac
(Ar/H2 - Ar/He)

® Carinox
{Ar/He/CO2/H2)

® Helium
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