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Research at Serpukhov

Operation of the Accelerator

Experiments on Strong Interactions

The 76 GeV proton synchrotron at
the Institute for High Energy Physics,
Serpukhov, is now feeding an exten-
sive programme of experiments. Du-
ring the first seven months of this
year 2900 hours were devoted to
physics (80 %) and accelerator ex-
periments.

The average intensity is now 1.4
X 1012 protons per pulse, the peak
intensity being 2 X 102 Work on
increasing the intensity further is
continuing. The duration of the flat
top at 70 GeV has been extended to
2 s, and the beam can be guided onto
two targets simultaneously. In addi-
tion an intermediate flat top of 0.5s
duration can be introduced at any
energy. As a result, three or four
experiments are performed simultane-
ously receiving a good beain spill.

New versions of negative particle
beams have been constructed and
screening of the accelerator magnetic
field has made it possible to extract
a positive beam from an internal
target. Its energy range is wide
enough — from 25 up to 70 GeV at
an intensity of 5 X 10¢ to 3 X 10
(from an accelerated beam of 70 GeV,
intensity 10'?2 protons per pulse, and
energy resolution = 2 %). It has aiso
been shown that electron and muon
beams with a high enough intensity
are possible. Very soon fast ejection
of the proton beam will be in action
using the equipment constructed by
CERN.

To achieve higher accelerated beam
intensities a booster project is being
worked out. It could provide an in-
crease of internal beam intensity up
to 5 X 10" protons per pulse (i.e.
fifty times the original design in-
tensity). This was mentioned in the
report of the Accelerator Conference
in the last issue of CERN COURIER.

Total cross-sections
and diffraction cone slope

The most interesting results from the
Serpukhov accelerator were obtained
in the experiments measuring total
cross-sections. Four experiments were
performed — two of them by a joint
IHEP-CERN group (measuring the to-
tal cross-sections for negative parti-
cles in hydrogen and deuterium with
gas targets and for positive particles
in liquid hydrogen and deuterium) ;
two of them by an IHEP group (meas-
uring the cross-sections for negative
particles in liquid hydrogen and deu-
terium). These experiments have gi-
ven very precise data (shown in the
first Figure) on the total cross-sec-
tion for = ¥, K %, proton and antipro-
ton interactions with protons and deu-
terons in the energy range from 20 to
60 GeV (the ranges for the various
cross-sections are slightly different).

The most exciting result from these
experiments is the increase of the
total cross-section for K'p interaction.
This cross-section remained constant
(within the error limits) in a wide
range from 6 to up to 20 GeV and it
was assumed that it would be con-
stant at higher energies as well. But
quite unexpectedly when going from
25 to 55 GeV, this cross-section
smoothly increased by 0.8 mb. Though
this increase makes up only 4% of
the cross-section, it is eight times
bigger than the error limits.

The other cross-sections all de-
crease, at the lower energies from
6 to 20 GeV. It turns out that at the
higher energies 35 to 60 GeV all the
cross-sections (except pp) stop de-
creasing and remain practically con-
stant. Among the six cross-sections
measured in hydrogen, only the pp
cross-section does not change its be-
haviour compared with what we knew
from lower energies.

L. D. Soloviev

The cross-sections on deuterium,
and consequently on the neutron,
behave like those on the proton, but
the experimental errors are larger and
the data contain the theoretical un-
certainties of the Glauber model. In
order to check this model, IHEP phy-
sicists have measured the total cross-
sections for negative particles in li-
quid deuterium (the data are now
being processed), and an ITEP (Mos-
COw) group is now measuring the total
np cross-section with a neutral beam.
The results are expected in the first
half of 1972.

The importance of these results for
theory can be clearly seen from their
comparison with the predictions of
the Regge pole model. To a certain
extent this model was a summary of
investigations at the accelerators be-
low 30 GeV. Being very simple, it gave
rise to new notions, e.g. duality, and
allowed us to correlate rather suc-
cessfully a large amount of data ob-
tained at moderately high energies.
It predicted for all the cross-sections
above 6 GeV a very simple behaviour
of the form

6=oa+ pBE"

If we plot cross-sections against
E™', then all the cross-sections should
be described by straight lines. The
second figure shows how much the
experimental data above 30 GeV differ
from these predictions.

What does the increase of the total
cross-section for the K'p interaction
mean ? Will the other cross-sections,
which have stopped decreasing at
Serpukhov energies, increase at high-
er energies ? A possible interpreta-
tion of the increase, together with the
shrinkage of the diffraction peak in
the corresponding elastic scattering,
may be in terms of a potential cha-
racter of elastic scattering at high
energies. Indeed, if the high energy
scattering can be described with a
potential (or quasi-potential) equation
of the Schroedinger type, then at high
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1. The behaviour of total cross-sections when
measured at the higher energies available at
Serpukhov. The antiproton-proton cross-section is
still falling as at lower energies but all the
others have become virtually constant with the
mysterious exception of the positive kaon-proton
cross-section which has started rising.
Theoretical models of the particle interactions
are having a hard time explaining these
seemingly contradictory new results from the
Serpukhov accelerator.

energies the potential coincides with
the diffraction scattering amplitude.
Solving the quasi-potential equation
with such a potential, we come to the
following conclusions :

1) If the diffraction peak shrinks when
the energy increases then the total
cross-section should rise to its asymp-
totic value ;

2) If the widih of the diffraction peak
does not change with the energy in-
crease, then the total cross-section
should remain constant.

Of course, this simple correlation
has only qualitative character. Never-
theless, it is very general, and to
check the potential character of high
energy scattering is of great interest.
This correlation can also be formu-
lated in terms of the complex angular
momentum model, but the potential
language seems-more general.

Measurement of the width of the
pp diffraction scattering cone was one
of the first experiments at Serpukhov.
It was performed by a IHEP -JINR
Dubna group with a film target. Later
on this parameter was measured in pd
scattering with a deuterium super-
sonic gas jet target. The results show
that the diffraction peaks shrink when
the energy increases. In the potential
approach, this shrinkage corresponds
to the observed behaviour of the total
pp and pd cross-sections at Serpu-
khov energies. It is of great interest
to test this correlation at higher
energies.

It is also interesting to obtain data
on the diffraction cones of other inter-
actions. The results obtained at ener-
gies below 30 GeV, i.e. shrinking of
the peak in K'p and n*p scattering
and no shrinking in pp and Kp scat-
tering, if they persist at higher ener-
gies, would also be in accord with
the data on the total cross-sections
from the point of view of the potential.

At present an IHEP group is meas-
uring the diffraction peak in n"p scat-
tering at energies up to 60 GeV and

2. The straight lines drawn across the graphs
indicate how Regge pole theory expects cross-
sections to behave as energy is increased — the
cross-section (vertical axis) is expected to
increase linearly as E-'/.. However the results
at Serpukhov energies deviate considerably in
several cases from this simple behaviour which
had looked so good at lower energies.

later plans to measure the diffraction
peak in K'p scattering as well.

Finally, in concluding the discus-
sion of these problems, there is the
experiment on the total vp cross-sec-
tion at energies above 20 GeV. It
is known that below 20 GeV this
cross-section decreases. Will there be
any change in its behaviour at higher
energies ? The answer will be given
by a Moscow - Yerevan - Serpukhov
group that will carry out this experi-
ment using a tagged photon method.
The measurements will start before
the end of the year.

Differences of total cross-sections
and the charge-exchange processes

When treating total cross-sections at
high energies, say the n*p cross-
sections, we should actually discuss
the sum o(x"p) + o(x*p) and the
difference Ao =o(n"p)—o(n'p) of
the total cross-sections for particles
and antiparticles, as they have dif-
ferent kinematical and dynamical pro-
perties. From the theoretical point of
view, the Regge pole model is more
likely to describe correctly the dif-
ference of the total cross-sections
than their sum. However, the direct
determination of the difference from
experiment is hard, because it is ob-
viously much smaller than the cross-
sections themselves and the errors
are large.

Experiments have shown that Ao
decreases slowly as the energy in-
creases (as shown in Fig. 3). As the
errors in Ao are large, it is important
to get additional information, before
discussing its behaviour and such
information may be obtained from
measurements of the charge-exchange
n”p—n°n differential cross-section at
0°, where the real part of the charge
exchange amplitude is related to Ao
by means of the dispersion relation.
A charge-exchange experiment is
being carried out by an IHEP group.



Up to now only the total charge-
exchange cross-section has been
measured ; later the differential cross-
section and then the cross-section at
0° will be measured.

To relate Ao to the total charge-

exchange cross-section, we can as- -

sume that the angular distribution of
this process does not change with
increasing energy. Under this as-
sumption the slow decrease gives
o (n p—x°n) =8 mb at 50 GeV, which
is in accord with the experimental
value. However, the final conclusion
may be drawn only when the data at
0° are available. For the time being,
both experiments — on the total
cross-sections and on the charge ex-
change — rule out the constancy of
Ao above 30 GeV and are in line with
the Pomeranchuk theorem. At the
same time Ao decreases considerably
slower than in the Regge model,
which might be explained by an elec-
tromagnetic contribution. At any rate,
this result on Ao, as well as the data
on the cross-sections themselves
supply theoreticians with plenty of
food for thought.

The cross-section differences for
K p—K*p and pp — pp interactions
are in agreement with the Regge
model. For K™n and K*n interactions
the difference is obtained from ex-
periments on the total cross-sections
on hydrogen and deuterium. Also,
there is an independent measurement
in the KIP — Ksp regeneration at 0°.
At high energies this is an experiment
on measuring interference between
KL—x"n~ and Ks— n*x~ decays which
in principle measures the modulus as
well as the phase of the regeneration
amplitude, i.e. obtains the difference
Ao (K*n) while avoiding dispersion
relations. However in practice it is not
easy to determine the modulus and
phase separately because of their
strong correlation.

The experiment on regeneration is
being carried out by a Dubna group.

3. The ditferences in the cross-sections for
particle and antiparticle are particularly sensitive
to the Regge pole model. The experimental
results indicate that Ao decreases considerably
slower than predicted by the Regge model, at
high energy.
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Measurements have been completed
on hydrogen with 8 to 10 thousand
events (3000 events processed). To
weaken the correlation between mo-
dulus and phase, the experimenters
have assumed, that the phase is in-
dependent of energy. Under this
assumption (which is in accord with
the Regge model) they obtain the
phase and the modulus of the re-
generation amplitude and consequen-
tly the total cross-section difference.
Within the experimental errors it
agrees with the direct measurement
of the total cross-section and does
not contradict the Regge model.

Further details
of high energy scattering

A further step in studying high energy
scattering is the investigation of its
subtle details such as the real part of
the forward elastic scattering am-
plitude and polarization effects.

3.

The real part of elastic pp scatter-
ing amplitude has been measured by
a Dubna group with a gas jet hy-
drogen target. The result has been
compared with the dispersion rela-
tions and is very sensitive to delicate
details of the interaction which makes
it possible to discriminate between
various phenomenological models. At
present the real part of =~ p scattering
amplitude is being measured by Ser-
pukhov and Dubna, USA, Serpukhov
groups in the experiments on elastic
scattering in the Coulomb interference
region.

Experiments on polarization have
always been the most severe test
of phenomenological models and
measurements on polarization in
elastic =~ p scattering will start in the
next few months by a Serpukhov, Sa-
clay, Moscow, Dubna group.

Finally, an investigation of = p and
x#~d backward scattering is being
continued by a Moscow group. Pre-
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liminary results, which clarify the ba-
ryon Regge pole model, were reported
at the Kiev Conference.

Inelastic processes

There are three types of experiments
on inelastic multiparticle reactions —
inclusive reactions (when one final
particle is detected), exclusive reac-
tions (when all final particles are
detected), and studies of multiplicity.

The reactions of the first type domi-
nate at high energies and are of
interest in connection with atiempts to
construct phenomenological models
as well as comparing them with deep
inelastic  lepton-hadron  scattering.
Measurements of yields of negative
and positive particles in nucleon-
nucleon "collisions at 70 GeV, per-
formed by CERN-Serpukhov groups
were of this type.

An exclusive reaction a p—>n"p KK
at 30 to 60 GeV is being studied by an
ITEP group using a 6m magnetic
spark chamber spectrometer. They
have obtained 50,000 triggers and are
building up statistics. It will also be
possible to study such reactions with
the Dubna spark chamber spectro-
meter, which is now under con-
struction.

Finally, multiplicity has been studied
by two Dubna groups with emulsions
and the propane bubble chamber.
They have obtained a power increase
of multiplicity with energy which is
not the logarithmic one usually as-
sumed from cosmic ray data. Inves-
tigations on multiplicity will be con-
tinued in the hydrogen bubble cham-
bers Mirabelle and Ludmilla, which
will be mentioned later.

Search for new particles

a) Antiparticles. At present, the Ser-
pukhov accelerator is the most power-
ful source of antimatter on earth.
It can produce up to 10° antiprotons
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per pulse, and up to 3 X 104 antideu-
terons per day (with energy 10 to
13 GeV). As a result it is possible to
perform experiments with antideute-
rons, for example to study their
scattering.

An experiment on antideuteron
scattering on nuclei was carried out
by the Serpukhov-CERN group. Then
a Serpukhov group measured the
total cross-section for dp scattering ;
its comparison with the dp cross-
section checks CPT invariance. More-
over, antinuclei of helium 3 were
identified for the first time at Ser-
pukhov. Five antinuclei were detected
in 2 X 10" particles that pass through

the system of counters. This is a
further confirmation of CPT inva-
riance.

b) Resonances.-A Serpukhov, CERN,
Geneva, Munich group is studying the
production of boson resonances using
a missing-mass spectrometer. They
are looking for resonances with
masses from 0 to 4.5 GeV, produced
in n”p, K™p and pp collisions at 25
and 40 GeV. They have obtained
5 X 10¢ triggers in =~ p collisions and
4 X 10* triggers in both K p and pp
collisions.

The first results can be formulated
as follows : in = p collisions at high
energies only one heavy resonance
with the mass of the Az meson is pro-
duced. The probability of its produc-
tion depends only weakly on the
energy of the colliding particles overa
wide energy range (up to 40 GeV).
The cross-sections for production of
heavier resonances are smaller than
5 mb/{GeV/c)? at 25 and 40 GeV ; for
example, the cross-section for the
U meson (2382 MeV) production de-
creases by more than an order of
magnitude when passing to Serpukhov
energies from the lower energies at
which this meson was found. This
result is illustrated in Fig. 4 where
the boson spectra are shown. The

results obtained are being carefully
analysed.

¢) Exotic particles. A quark search by
a Serpukhov group, showed that if
they exist, their mass is larger than
5 GeV (for smaller masses the cross-
section for their production is less
than 1073¢ to 1073 cm?). In the experi-
ment searching for particles with inte-
ger charge (new heavy particles with
negative charge) using a time-of-flight
technique a Dubna, Serpukhov group
obtained an upper limit of 10 for
the ratio of production probability
compared to the probability of pion
production.

The search for Dirac monopoles at
Serpukhov has occupied two groups
— an |AE (Moscow) group tried to
accumulate monopoles in ferromagne-
tic material and then to extract them
using pulsed magnetic fields. Mono-
poles were not found to an upper limit
of 1.5 X 107"* cm? as the cross-section
for their production. A Dubna group is
trying to detect them via the intensity
and polarization of their Cherenkhov
radiation.

A search for the intermediate vector
boson is being carried out by a
MIFl (Moscow), Serpukhov group. At
present the goal of this experiment is
to find optimum conditions for the
detection of muons produced in the
internal target of the accelerator. For
this purpose a special muon channel
was constructed. Later, it is planned
to measure muon polarization to dis-
tinguish muons produced by pions,
kaons and photons from those that
can originate from the interme-
diate boson decay. It is hoped to
reach a production cross-section of
5 X 10738 cm?/ ster. (GeV/c). nucleon.

Investigations of the electromagnetic
interactions of hadrons

It has been shown that at the Ser-
pukhov accelerator a pure electron



beam with energy up to 35 GeV and
intensity 10° electrons per pulse can
be produced. Thus, experiments with
electrons are possible and, as
mentioned above, the first experiment
of this type on the total cross-section
for photon-proton interaction is al-
ready scheduled.

It is also possible to construct a
muon beam and a Serpukhov group
is preparing an experiment on deep
inelastic p scattering at 30 to 40 GeV.
A number of very interesting regular-
ities of the proton electromagnetic
structure was discovered in the ex-
periments on electron-proton deep
inelastic scattering at the Stanford
electron accelerator. However, to cla-
rify these regularities, it is necessary
to repeat the experiments at higher
energies. The Serpukhov experiment
will expand the range of the measure-
ment by about a factor of two. The
experiment is planned to start by the
end of 1972. Experiments on muon
interactions will also be performed
with the SKAT bubble chamber which
is now under construction.

The last experiment under this topic
is on elastic =~ e scattering at energies
below 50 GeV. A Dubna, USA group
has recently completed measurements
and the data are being processed. It
is hoped for the first time to obtain
the pion electromagnetic radius to
the same accuracy with which theo-
reticians obtain this radius with the
help of analyticity from the data on
rho meson production in electron-
positron colliding beams.

Progress with bubble chambers

a) At present, experiments with the
JINR 2m? propane bubble chamber
are in progress and over 100 000 pic-
tures have been obtained.

b) The French 6 m?* hydrogen bubble
chamber ‘Mirabelle’ is beginning its
first experiments using the r.f. sepa-
rator constructed at CERN to provide

4. The lower graph is the negative boson mass
spectrum obtained from the CERN, Geneva,
Munich, Serpukhov missing mass experiment. For
comparison, the results obtained at CERN at
lower energies are shown above. The lower
energy work revealed a multitude of particles
but the production cross-section for these
particles has dropped dramatically at Serpukhov
energies and, with the notable exception of the
A2 meson (around 1.3 GeV and thus not shown
on the Jower graph), no production of negative
bosons stands out.
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separated beams. It wiil provide sepa-
rated protons up to 70 GeV ; =~ up to
60 GeV; =* and p up to 40 GeV and
K* up to 36 GeV.

¢) The JINR 0.8 m® hydrogen bubble
chamber ‘Ludmilla’ has been assem-
bled and construction of a universal
beam channel with r.f. separation for
this chamber is almost complete. It
will provide protons and =~ up to
35GeV, =* and p up to 30 GeV, and
K* up to 22 GeV. The chamber is

4.

scheduled to be launched before the
end of this year.

d) The IHEP 5 m? heavy liquid bubble
chamber ‘SKAT’ is under construction.
It will operate with the same beam
as ‘Mirabelle’.

Thus, about twenty experiments
have been going on or are in course
of preparation at Serpukhov this year.
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CERN News

Electrostatic
septum tests

The PS slow ejection system, which
feeds beam into the East area, has
used a magnetic septum magnet as
its first component. It is a C-shaped
magnet, with a thin current-carrying
barrier (the septum) which restricts
the deflecting field to the aperture
of the magnet. The ejection efficiency
is determined by the thickness of this
septum since, to a first approximation,
the proton losses, as they are per-
suaded to jump into the magnet aper-
ture, are proportional to this thick-
ness.

The reason for replacing the ma-
gnetic septum by an electrostatic type
is to use a much thinner barrier,
which becomes possible since the
septum does not have to withstand
the heating effect of a current. At the
PS, it has already been possible to
reduce the septum thickness by a fac-
tor of seven and it is hoped that the
losses can be reduced by a factor of
about three while using half the jump.

Development work on an electro-
static septum, to be accommodated
in a PS straight section about one
metre long, began two years ago.
Tests have been carried out during
‘machine development’ periods, when
problems which arose in the presence
of a proton beam (which does not
help produce good voltage holding
characteristics) were solved. Good
results were obtained for the ejection
efficiency with losses two to three
times lower than with the magnetic
septum.

The first test during a physics run
was carried out in October without
any major troubles. The use of the
electrostatic septum in the normal
slow ejection, which was designed
for the magnetic septum, does not
allow the ejected beam optics to be
optimized (missing the focusing of the
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magnetic septum). This fact was re-
flected in a widening of the beam and
was a disadvantage for some of the
physicists using the beam, but others
could accept the new method of
operation. Following the test, we can
look forward confidently to the per-
fection of the new slow ejection sys-
tem to feed the West area, which will
be installed in 1972 with an electro-
static septum as its first component.

It is also intended to carry out slow
ejection using an electrostatic sep-
tum at other laboratories — Batavia
and Brookhaven. The recent tests at
CERN are a dress rehearsal for the
technique. Even though there remain
no major difficulties to be overcome,
there are still problems facing the
section led by C. Germain in the MPS-
SR group. The sparking rate, for
example, averaged one per 37 cycles,
which was acceptable in a first test,
but will have to be considerably
reduced.

The position in the 28 GeV proton synchrotron
ring where the electrostatic septum was installed,
in a 1 m straight section, for tests as the first
element of the slow ejection system feeding
protons into the East Hall. On the right can be
seen the voltage generator whose form is familiar
from use in electrostatic separators.

An investigation with this in view
is on hand, involving an analysis of
the effect of many PS and slow ejec-
tion system parameters on the be-
haviour of the electrostatic septum.
This work will be made easier when
enough data has been made available
for checking by computer. The PS
computer control system should even-
tually make it possible to analyse any
problems which may arise in the
operation of the electrostatic septum.

The technological features of the
septum are not yet finalized. They
are at present based on methods
developed for electrostatic separators,
and give satisfactory results for the
useful field, allowing the septum to
be operated at a field of about
150 kV/cm, but they apply to a sep-
tum with an equivalent thickness of
0.15 mm. The characteristics need to
be optimised to reduce this thickness.
This will be even more important for
the SPS, which will need a field



Diagram of the layout of the apparatus for the
optical pumping experiment of the visiting team
from Heidelberg. Mercury ions come

in from ISOLDE and are collected on a
molybdenum foil which can be swivelled round
to feed the ions in the bulb (top centre of
diagram). The bulb is surrounded by a magnetic
field and an r.f. coil. Circularly polarized light
from a mercury lamp is illustrated as coming
in from the bottom in the diagram. The beta
telescope which observes the decay of the ions
is indicated on top.
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length some ten times greater. Fi-
nally, the reliability may decide be-
tween the usé of a plane of parallel
wires or of foil for the septum. CERN
preferred foil for the first tests. Bata-
via and Brookhaven are trying wires,
thus both approaches will be tested.

Optical pumping

One of the most intricate experiments
ever carried out at CERN is under
way at the isotope separator on-line,
ISOLDE, fed by the 600 MeV synchro-
cyclotron. It is concerned with nu-
clear structure studies — measuring
nuclear spins, nuclear moments and
nuclear shapes. When such measure-
ments are carried out with nuclei far
from the stability line (nuclei which
have neutrons or protons over and
above what is normally a stable con-
figuration), such as can be produced
and examined at ISOLDE, new know-

ledge can be gathered about how
the nuclei are built up. Work at
ISOLDE can be compared to work on
superheavy elements in the sense that
we are testing whether our existing
knowledge of nuclear matter can be
extended to unexplored regions.
These studies are often difficult
because so few nuclei of isotopes far
from the stability line can be isolated
for examination that only extremely
sensitive methods can hope to study
their properties. A visiting team from
Heidelberg (J. Bonn, G. Huber, H. J.
Kluge, U. Kopf, L. Kugler and E. W.
Otten) working at ISOLDE have em-
ployed techniques (including ‘ optical
pumping ’ which has become particu-
larly associated with their experiment)
which run through a great deal of our
knowledge of atomic and nuclear phy-
sics en route to unearthing new in-
formation about the nucleus. Indeed,
when their experiment was first pro-
posed, Professor Preiswerk remarked

that it contained so much beautiful
physics that it was worth doing even
if it failed.

They have studied a series of short-
lived mercury isotopes obtained from
ISOLDE. An isotope is collected on
a molybdenum foil which can be
swivelled round (after a collection
time of about 1 half-life) to point into
a bulb containing an inert gas (he-
lium). The foil is heated and the
mercury atoms evaporate off; the
gas helps to preserve them as ‘free’
atoms (keeping them away from the
walls where they might interact) which
is necessary for the subsequent spec-
troscopy stage of the experiment.
While this stage is under way another
foil, at the opposite end of the swiv-
elled unit, is collecting more mercury
atoms.

Only something like a million of
the short-lived mercury atoms are
likely to be in the bulb for investiga-
tion at any one time and this is far
from adequate for normal optical
spectroscopy. Hence the series of
manceuvres which we will now attempt
to describe in simplified form.

Optical pumping is a technique dis-
covered by A. Kastler (earning him
the 1966 Nobel Prize for Physics)
which enables us to have many atoms
existing in an identical energy state
with their spins lined up in one direc-
tion. The technique is an essential
part of the operation of the laser.

If we consider a mercury atom, it
consists of a nucleus (whose pro-
perties we wish to study) with eighty
electrons swirling around it. This
configuration can exist in many
energy states depending on the orbi-
tal angular momenta of the electrons,
and on the spins of the electrons and
of the nucleus. Specific amounts of
energy can be absorbed or emitted
by the atom as it hops between
energy states. Like most of us, atoms,
after being excited, will fall back to
their lowest energy state. Optical
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Energy level differences for a chain of mercury
isotopes (the x-axis counts the number of
neutrons in the nucleus ; the y-axis counts the
energy difference by comparison with the 198 Hg
isotope). The difference as we move down the
isotopic chain follows the straight line predicted
by calculation until the isotopes with 105 and
103 neutrons when the difference changes
abruptly. This indicates that the nuclear shape
has changed radically for these two isotopes
compared with the others.

pumping is used to manoeuvre the
atoms into a particular energy state
where their nuclei are polarized.

The polarization of nuclei, so that
their spins line up in one direction, is
quite common in the field of high
energy physics. In polarized targets
it is achieved by the use of high
magnetic fields and low temperatures.
With optical pumping it is achieved
by directing circularly polarized light,
where the photon spins are all aligned
in one direction onto the atoms. The
polarization can be transferred to the
atoms by the absorption of the light
quanta -— conservation of angular
momentum then requires that the
spins of the atoms are polarized after
absorption. Coupling between the
electron spins and the nuclear spins
completes the desired polarization of
the nuclei.

Absorption can only take place
when the incoming light quantum
matches the difference between two
energy levels in the atom. This condi-
tion can be covered by ajusting a
magnetic field applied around a mer-
cury lamp (Zeeman effect) shining on
the bulb containing the radioactive
mercury atoms. The light quanta can
be varied over a range of values
which are known when the field at the
lamp is known. But without being
clever we would never know that we
had hit the particular values at which
absorption, and thus atomic and nu-
clear polarization, takes place since
there are too few atoms in the bulb
to give us discernable light signals.
However, the values can be identified
when the nucleus decays sending
out an electron (beta decay).

Beta decay is a weak interaction
and does not conserve parity — as
found in the famous experiment of
C.S. Wu, the direction at which the
electron emerges depends upon the
direction in which the nucleus is
spinning. There will be an asymmetry
in the distribution of the electrons
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emerging from our bulb when we hit
the right values because they then
come from polarized nuclei.

When we can see that we have
produced polarized nuclei we can
measure the nuclear magnetic mo-
ment using the usual r.f. resonance
technique. R.f. energy is fed to the
atoms, via loops wrapped around the
bulb, and, as the r.f. frequency is
varied, the polarization (the asym-
metry in emitted electron direction)
will disappear when the r.f. frequency
reaches the value corresponding to
the energy needed to swing the nu-
clear spin round from one direction
(relative to the magnetic field) to the
other. The magnetic moment can be
calculated knowing this r.f. frequency.

Another way of estimating the nu-
clear magnetic moment comes from
the way in which energy levels split
into several levels when in a magnetic
field due to the ‘hyperfine’ coupling
between the magnetic moments of
the electrons and of the nuclei. As
described above, we sweep over a
range of frequencies with the ingoing
light. This will produce polarization at
several values (because there are
more energy levels between which
the atoms can hop), the number of
which yields the nuclear spin and the
separation of which is a measure of
the nuclear magnetic moment.

The most surprising results have
come from a third item of information
which is drawn from knowing the fre-

quency of the light needed to achieve
the optical pumping. The energy level
difference to which this corresponds
is related to the nuclear shape (to
be more precise — the mean squared
radius of the nucleus). This is be-
cause the electrons passing close to
the nuclear surface act as a probe of
the nuclear charge distribution. The
work with mesic atoms (see, for
example, vol. 10, page 251) is based
on the same principle.

The way the nuclear shape changes
as we go along a very long chain
of isotopes has never been studied
so extensively before. ISOLDE makes
over twenly mercury isotopes availa-
ble for investigation.

The difference between levels by
comparison with that of the stable
isotope "¢ Hg (118 neutrons, 80 pro-
tons) follows the straight line antici-
pated by calculation as the number
of neutrons varies from 125 to 107
(25Hg to '87Hg). Then with 105 and
103 neutrons the difference departs
radically from the predicted value —
in other words the nuclear shape
changes abruptly (probably from a
spherical to a deformed shape).

Why this sudden deformation of the
nucleus takes place is unknown. It is
certainly not expected to take place
for an element like mercury which has
an almost closed shell of protons.
This very intricate experiment has
succeeded not only in carrying out
the difficult measurements it set out



to do but also in revealing some very
unexpected features of nuclear struc-
ture.

DISC counters

When a fast-moving charged particle
passes through a transparent medium
such as air, water or glass, it can
emit light by the Cherenkov effect. The
mechanism of this effect is often
compared to that of an aeroplane
travelling through air. When the plane
travels through the air faster than
the speed of sound, a supersonic
bang is produced; when a particle
travels through a transparent medium
at a speed faster than that of light in
the medium, Cherenkhov light is
produced. The light wave is conical,
like the shock wave of a supersonic
plane, and the angle of the cone
depends on the relationship between
the speed of the particle and that of
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light in the medium — this is the
basis for the measurement of the
speed of charged particles in Che-
renkov counters.

A special optical system picks up
the light produced and focuses it into
a ring. The speed of the particle is
determined from the diameter of the
ring of light. If particles of different
mass such as pions, kaons and anti-
protons are sorted magneticaily in a
beam-line so that they all have the
same momentum, their velocity will
depend on their mass (the heaviest
being the slowest). A Cherenkov
counter will record for each type of
particle a ring of different diameter
which can be distinguished by means
of a combination of screens and
photomultipliers. The measurement
of the particle velocities can then
be calculated knowing the refractive
index of the medium

v 1

c ncos©

A DISC counter specially designed to identify
charged hyperons. The optics are housed in the
cylindrical sections. The photomultipliers with
their magnetic shielding are shaded black.

Alongside is a diagram of the same instrument.

The first counters of this type were
in use long before physicists had
access to accelerators of even 1 GeV.
Their performance was limited by the
quality of the photomultipliers then
available and by their relatively sim-
ple optics. From 1959 studies were
undertaken at CERN to perfect an
optical system. The main difficulty
in the optics is that there is a chro-
matic dispersion of the Cherenkov
light which limits the ultimate velocity
resolution of the instrument. A coun-
ter was finally developed in which
chromatism was corrected, using a
doublet of axicons. The resolution
was greatly improved.

The first models of this type of

counter, known as Differential Iso-
chronous Self Collimating (DISC)
counters, which were liquid-filled,

were used on the 600 MeV synchro-
cyclotron for a variety of experiments
with pions and were then tested with-
the

out modification on 28 GeV
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proton synchrotron when it came into
service in 1960.

Their adaptability and development
potential were clear: the ability to
identifiy «*, =, K*, K, p, p, d, He® and
He* with the same instrument pro-
vided the impetus to continue this
line of development systematically
and to extend the range of application
of the early models from energies of
a few GeV to cover the entire energy
spectrum available from the PS. To
this end the liquid was replaced by
a gas and the old optics, consisting
of lens and aspherical mirrors made
out of a plastic material, were re-
placed by a new unit of fused silica
and sodium chloride.

in this way the counters were trans-
formed into high resolution DISC
counters. With these counters the
accuracy of the measurement of the
velocity of the particle depends upon
the accuracy with which the speed of
light in the gaseous medium can be
determined for a given wave-length
and Cherenkov angle characteristic
of the counter. The latest method
consists of employing long wave-
length digital interferometers, spe-
cially produced at CERN for this pur-
pose, which, coupled with the use of
a gas laser, make it possible to
achieve absolute accuracy of the
order of 3 X 1078,

The liquid counters built around
1963 are still used in CERN and
various other laboratories. The high
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resolution counter built in 1964 has
not exhausted its full possibilities.
After it had been used in many dif-
ferent experiments, including the first
tests of the slow ejected beam at the
PS, it was realized that the counter’s
capabilities exceeded what was ne-
cessary at the PS and that it could
even be used at the maximum energy
of the Serpukhov 76 GeV accelera-
tor. Hence it was used in the first
experiment of the CERN-Serpukhov
collaboration where, in conjunction
with a similar counter built at Serpuk-
hov, it was used with beams of pions,
kaons, antiprotons and antideuterons.

Thinking about the future use of
these instruments in high energy phy-
sics has underlined their great flexi-
bility particularly for very high energy
work where, in various forms, they
are still a basic method for distin-
guishing particles at energies beyond
the reach of almost all other techni-
ques. Over the years a better under-
standing of the ways in which they
may be used has made it possible
to optimize their construction. New
optical units have been perfected
which are both more efficient and
easier o make.

A new use is in the first beam-line
for £~ and for E° hyperons, which
came into operation at the PS at the
beginning of 1971 (see vol. 11, page
191). Two miniature DISC counters
are incorporated in this beam-line.

There is no lack of future plans.

Investigations are being carried out
as to what kind of DISC will be
needed for the SPS. In the mean-
while, efforts are concentrating on the
Batavia 200/500 GeV machine where
a group from CERN will take part
in an experiment using DISC counters
built specially at CERN to deal with
this new energy range. The cost will
be shared by the two Laboratories.

There is no reason to believe that
the limits of application for detectors
using the Cherenkov effect have been
reached. Developments in optical
techniques used in astronomy in
association with the remarkable pro-
perties of Cherenkov light are being
brought into the study of new types
of detectors capable of measuring
the particles produced in interactions
at several hundred GeV.

Sodium jet
beam detector

The range of beam detectors at the
ISR has just been increased by the
installation of a novel type of instru-
ment — a beam profile detector which
observes the ionization caused in a
sodium curtain through which the
beam passes.

This detector is a distant relative
of the familiar luminous screen placed
in the beam which lights up in the
path of the beam. The high intensity
of the beam in the ISR, and the cata-



Below is a simplified drawing of the ISR beam
profile detector, using a sodium gas jet, which is
scheduled to be in action (one in each ring)

next Spring. The detector collects the electrons
from the ionization of the sodium atoms by the
beam particles and, with electric and magnetic
tields, directs them to a fluorescent screen
where they represent the beam profile.

A detector of this type installed in Ring I is
already in use collecting the electrons from
ionization of the residual gas. The oscilloscope
photograph on the right shows a signal from
the detector proportional to the radial density
of the beam.

strophic effects which such a screen
would have on a beam intended to
circulate for hours, rule out the inser-
tion of a fixed solid screen. One way
of solving the problem (albeit while
raising others) was put forward by the
ISR Vacuum Group {(Beam Profile
Section). It involves the use of a
screen, or curtain, of gas — sodium
was chosen for reasons which will not
be explained here.

Because of the low density in a
gas curtain, the light emitted is too 1 |
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observation with a television camera.
If, however, an electric field (4 kV/cm)
is set up perpendicular to the beam,
the electrons, coming from collisions
between the beam particles and atoms
in the gas, are accelerated perpen-
dicularly to the beam so as to strike
a fluorescent screen and produce an
image of the beam. Light output is
thus increased about 10000 times. A
magnetic field (0.03T) is combined
with the electric field to ‘wind’ the
electrons around the lines of force
of the electric field.

The gas curtain consists of a flat
jet of sodium issuing from a slit in-
clined at 45° to the beam and pro-
jected at supersonic speed towards
another slit on the opposite side of
the vacuum chamber through which
it emerges. The curtain is only 1 mm
thick, so that good definition is ob-
tained. After passing through the
chamber, the sodium jet is recondens-
ed and pumped back to a supply
tank. (Sodium is highly corrosive at
the high temperatures which are
needed to have a supersonic jet of
sodium gas; all the components
which might come into contact with
the sodium had to be made of a
special stainless steel.)

The detector was fitted in Ring |
in October while waiting for delivery
of the gas jet generation system. After
the optical sysiem had been con-
nected up, what became visible on
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the screen was not the image of the
beam cross-section (produced with
the sodium curtain) but an image one
would see looking from above the
beam, due to electrons coming from
ionization of the residual gas. Despite
the very low residual pressure (less
than 1079 torr), the extreme sensitivity
of the television cameras and the
acceleration of about 60 kV given to
the electrons yield a visible signal
from the fluorescent screen. The elec-
trons produce streaks of a thickness
proportional to the radial density of
the beam.

Using this signal, it was possible to
produce the shape shown in the
Figure, where the beam intensity is
proportional to the height. Even with
the detector in this state it is possible
to follow the process of formation of
the beam and its radial movements
during stacking. Thus even before the
sodium curtain is installed (scheduled
for the Spring of next year), we have

available a beam profile detector
which is already providing a great
deal of useful information.

Midi-console

A new item of control equipment,
known as the ‘midi-console’ has
been installed this month in the con-
trol room of the PS. It is a unit
connected to the computer which
concerns itself with the operational
aspects of the booster (injection,
transfer systems, etc.). The controls
of the booster (which is now in its
final stages of construction) are
entirely piloted by the PS control com-
puter, an IBM 1800, to which has
been connected a satellite computer
to generate all the time-varying func-
tions.

Using a computer in the operation
of an accelerator may be implemented
in various ways by having :
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1) separate units independent of the
computer, for giving commands ;

2) a console fully integrated with
the computer, capable of being used
as a centralized control station for
all processes ;

3) several midi-consoles each hand-
ling some processes.

The booster midi-console was
developed by the PS Control Group,
the appropriate programs having been
assigned to the booster. lts most
obvious advantages are its simplicity,
flexibility and speed. A very wide
range of possibilities is offered by the
computer which guides the operator
by means of visual messages.

The console takes the form of a
panel 60 cm wide and 1 m high. From
top to bottom, it carries an alpha-
numeric display system, a controi
section with actuating push-buttons,
and a selector section with as many
keys as there are parameters to
be controlled. When a command has
to be given to a component (a change
in magnet current for example) the
appropriate key is operated (the ma-
gnet code and the minimum variation
which may be given to the current
would then appear on the screen).

The control section comprises two
sets of graduated push-buttons:
+ 1000, + 100, + 10 and + 1; and
— 1000, — 100, —10 and —1. It is
also possible to switch components
on and off and to reverse polarities.
Each button is located opposite the
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figures on the display unit and controls
the appropriate instruments. If the li-
mits are exceeded, or if the compo-

nent does not respond, or if the
command is impossible to execute,
a clear indication appears on the
screen. Advantage is taken of the
computer’'s memory to allow the oper-
ator to return to a previous condition
if he is in any doubt. Keys ‘save and
back’ and ‘restore preserved’ are
fitted for this purpose.

The midi-console permits simulta-~
neous control to two different para-
meters, which may be currents or
voltages to be regulated by the use
of analog converters, or step-by-step
motors, or preselection counters. Cer-
tain parameters may be controlled
in a coupled manner by linearly cor-
related values. 256 parameters may
be handled by one midi-console. The
electronics system is of the ‘modular’
type, and a very legible luminous spot
read-out is used.

The midi-console management pro-
gram has a high-priority level in the
central memory of the IBM 1800, and
is designed to allow widely differing
parameters (currents, positions, vol-
tages, angles, frequencies, times,
etc.) to be handled. Programs for
specific functions are loaded into
lower-priority levels of the central me-
mory when requested by the mana-
gement programme.

One unit of the midi-console is
at present in use on an experimental

The lower section of the magnet core of

the Omega spectrometer was installed in the
West Experimental Hall in October. The four
columns will support the upper section which
is due early next year. The first coil of the
superconducting magnet will then also be
installed.

basis to control the back leg wind-
ings of the PS. It will be used from
December to control the booster in-
jection beam-line. Two further units
will be fitted at the beginning of
next year.

CERN School

The 1972 CERN School of Physics
will be held at Grado in Italy from
15 to 31 May. It will be organized in
collaboration with the Internationat
Centre for Theoretical Physics (ICTP),
Trieste. The Schoo! will concentrate
on various aspects of high energy
physics, especially theoretical phy-
sics, and is directed particularly to
young physicists from the CERN
Member States (but also from other
countries).

Six main topics will take up the
bulk of the programme — Inclusive
reactions (H. M. Chan) ; Longitudinal
phase-space analysis (E. W. Kittel) ;
Lepton deep inelastic scattering (M.
Gourdin) ; High-energy two-body phe-
nomenology (A. Donnachie); Neu-
trino, gamma and hadron interactions
in nuclear matter (K. Gottfried) ; Elec-
tron-positron interactions (G. Kramer).

Among the speakers giving special
lectures will be M. Gell-Mann (Nobel
laureate), A. Salam (Director of ICTP),
W. Jentschke (Director General of
CERN Laboratory 1) and probably
AM. Baldin (Director of the High
Energy Laboratory at Dubna).

Students in CERN Member States
can request further information or
application forms from: Dr. W.O. Lock,
Personnel Division, CERN 1211 Ge-
neva 23, Switzerland. Students from
other countries may contact JINR
Dubna or CERN.




Around the Laboratories

BERKELEY
Ligquid chambers

At the time of the Dubna Instrumen-
tation Conference last year (see vol.
10, page 274), the exploratory work
at Berkeley, Dubna and Novosibirsk
on the possibilities of liquid chamber
detectors, was one of the most inter-
esting topics. We report here some
subsequent work at the Lawrence Ber-
keley Laboratory.

The reason for pursuing liquid filled
proportional chambers as detectors
is to have an electronic detector
capable of very good spatial resolu-
tion. Conventional spark chambers
and multiwire proportional chambers
have difficulty in indicating the po-
sition -of a charged particle which has
passed through them to an accuracy
of much better than about = 0.2 mm.
This stems from features of the ion-
ization produced in the gas in the
chamber such as, electron diffusion
and the need for the particle to tra-
verse a reasonable thickness of the
gas.

A liquid filled proportional chamber
because of the high density of the
medium crossed by the particle could
be adequate with a very narrow gap
(perhaps 100um) and could make
spatial resolution an order of ma-
gnitude better (perhaps down to
= 10 pm). If it proves possible to per-
fect these chambers and to achieve
such accuracy in positioning parti-
cles, it could take some of the strain
off the spark chamber spectrometers
of the future which will have to
measure the much higher energy par-
ticles from the accelerators of several
hundred GeV. Without much better
spatial resolution the shear physical
size and the magnetic fields in-
volved in spectrometers for accu-
rate measurements on very high mo-
mentum particles are a daunting pros-
pect. There are also other applica-

tions, particularly in the medical
field, which make the effort to master
these chambers worthwhile. However,
the mastery is not coming easily for
there is a lot of basic physics of
liquids to be understood before any
large-scale device can be confidently
attempted.

Initial work involved the use of
liquid argon, but no-one succeeded
in achieving high detection efficiency
(figures were usually below 20 %)
without measures (such as using thick
heated wires) which destroyed the
potential advantages of liquid filled
chambers.

Berkeley changed to the use of
xenon which has proved a much more
amenable liquid. They used a small
single wire chamber in an arrange-
ment like a gas-filled proportional
counter to carry out the basic tests.
A very fine anode wire (down to
3.5 pm diameter) helped to give high
gain without spurious electrical dis-

A highly magnified photograph from Berkeley
of strips of gold deposited using a technique
similar to that used for cutting gramophone
records. This could be one way of laying down
gold ‘wires’ with extremely close spacing for
use in a liquid filled proportional chamber to
give excellent spatial resolution.

(Photo LBL)

charges. The high voliage cathode
was formed by coating the inside of
the glass chamber wall with tin oxide
and 2' Am was introduced into the
chamber as a source of particles.
Feeding in xenon of high purity was
a problem which took a long time to
solve (a few parts per million of
electronegative impurities can des-
troy the chamber performance).

Operating in the proportional mode
gains of up to 100 were achieved (this
could yield 10 mV signals on 10pF
in a chamber 0.5 mm thick). The effi-
ciency for alpha detection was close
to 1009% and a time resolution of
=+ 0.1 us was achieved.

These encouraging results have to
be balanced by the problems to be
solved. For example — spurious pul-
ses can occur at high voltages, possi-
bly due to the second Townshend
process (increased effect of ulira-
violet radiation). Quenching agents
are being tried, as is the use of a
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Schematic diagram (not to scale) of a possible
layout of the electron/photon facility to be built
at Batavia. The proton beam entering from the
left produces photons in a beryllium target;
charged particles are bent off by sweeping
magnets (1) leaving a neutral beam. The photons
yield electrons in the 0.5 radiation length lead
target which are conveyed by a 300 GeV/c
transport system (2) to a second lead target
(0.1 radiation length). This is followed by a
tagging magnet and counters (3), a beam stop (4)
and the experimental target (5).
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resistive cathode (germanium on
glass) to inhibit sparking. ‘Hot
spots’, where electric fields exist

some 30 % higher than average, are
still troublesome (occurring about one
per centimetre along the anode wire)
but could be removed if the irregula-
rities on the anode surface can be
sorted out.

A preliminary measurement on spa-
tial resolution in a liquid xenon
chamber was made using rather thick
wires (12 1m) to simplify construction.
These thick wires stopped the cham-
ber being used in the proportional
mode but a spatial resolution of
* 15pm was achieved.

Methods of laying down very fine
strips of conductor closely spaced on
an insulating substrate are now being
tried as an essential step towards
reaching the full potential of liquid
proportional chambers as large scale
detectors. The photograph illustrates
one technique which has been used.
In parallel, simple read-out schemes
to deal with large chambers, involving
many more ‘wires’ than we are used
to, are being investigated.

A much fuller description of this
work can be found in a Lawrence
Berkeley Laboratory report (UCRL
20811) by R. A. Muller, S. E. Derenzo,
G. Smadja, D.B. Smith, R. G. Smits,
H. Zaklad and L.W. Alvarez.
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BATAVIA
Electron-photon facility

It is intended to establish an electron
beam at NAL of sufficient intensity to
do electron and photon physics in the
100-200 GeV energy range which is
obviously unobtainable at present
electron accelerators. (The present
highest energy at DESY is 7.5 GeV, at
Cornell 10 GeV and at SLAC 21 GeV.)
Although the intensity of the electron
beam at NAL will be lower than those
at the electron accelerators, it will be
sufficient to carry out important and
interesting experiments.

The beam could be produced in the
following way: the full intensity
500 GeV ejected proton beam would
be directed onto a beryllium target
about 40 cm (approximately one colli-
sion length) thick. Neutral pions, pro-
duced in the interactions of the pro-
tons with beryllium, decay quickly into
two photons. The charged particles
are swept away by bending magnets
leaving a neutral beam containing
neutrons and neutral kaons as well as
photons. Because the relative number
of neutrons is high at this point
(particularly at a production angle of
0°) it is not desirable to use the
direct beam for most of the photon
experiments which have been pro-
posed.

Instead, a double conversion pro-
cess could be used, producing elec-
trons which are bent away from the
neutral beam and then reconverting
to photons. A layout for such a beam
is shown in the figure. The electrons
are produced by letting the primary
photons strike a lead target (0.5 ra-
diation length thick) placed down-
stream from the sweeping magnets.
They are then collected by a con-
ventional beam transport system.

A number of special requirements
strongly influence the design of the
beam. Firstly, the final focus must be
transversely displaced by at least 8 m
from the primary beam direction to
ensure that the flux of muons coming
from the decay of charged pions in
the beryllium target will not be ex-
cessively high for the detectors in
the experimental area.

The beam could have a solid angle
of up to 2psr and a momentum
acceptance up to = 3%. For an in-
cident proton flux of 10'3 per pulse,
a peak electron rate at 100 GeV of
about 10° per pulse is expected,
based on calculations using the Ha-
gedorn-Ranft thermodynamic model.

This electron beam is reconverted
to a photon beam by placing a thin
0.01 radiation length lead radiator just
beyond the last magnet in the beam.
The energy of the photons incident on
the hydrogen target could be deter-




At the end of October, V. L. Auslander and

S. G. Popov from Novosibirsk visited CERN and
some accelerator physicists were able to see
again the famous films of the synchrotron light
emitted by beams orbiting the storage ring
VEPP 2. This photograph, looking like a view

of the planet Saturne, is a ‘still’ from one of the
films recording the light from a positron beam
(integrated over many turns by the photographic
film).

The beam during these turns had effectively
broken into two groups of particles — one group

forming a central stable core and another
executing large amplitude, horizontal oscillations.
The oscillations are believed to have been
caused by an induced voltage possibly on the
clearing plates in the ring. The vertical
separation of the oscillations is due to coupling
of the two transverse planes. Particles could
swop from one group to the other via the
amplitude dependence of the Q-shift. Thus when
particles reached the extreme amplitudes
(which are about 1 cm in either direction)

they get out of tune with the mechanism

exciting the oscillations and fall back into the
stable group. (The apparent asymmetry of the
two peaks of the oscillations, where more
particles seem to populate one peak, is believed
to be simply an imperfection of the optical
system between the beam and the film).

(Photo Novosibirsk)

mined by using a conventional tag-
ging system. By extending the electron

beam to include an additional dis-
persed focus the energy resolution
can be improved to an accuracy of
about = 0.5 9%. Discussions are cur-
rently underway between NAL and the
interested participants to arrive at
the final design of the beam and its
uses. v

Such a photon beam will make
some new experiments possible. Clear-
ly, they will be restricted to studying
interactions where the cross-sections
do not decrease rapidly with energy,
such as the total gamma-proton cross-
section and diffractive processes like
compton scattering and vector meson
(rho, omega, phi) production.

It will be interesting to see if the
total cross-section (vp) continues to
decrease as present theoretical extra-
polations suggest. The A dependence
of o (vA) can be measured to check
whether the effect of shadowing in the
nucleus has increased from what is
observed at lower energies. Photo-
production of vector mesons and
compton scattering at high energies
can be studied to see whether the dif-
fraction slopes change with energy.
This is possible because omega and
phi production can be studied more
easily at high energies because K de-
cay corrections for g— K K are
small and the efficiency for detecting
(0 @) — " 7™ 7° is very high. A study of
these four reactions will also provide

a check of vector meson dominance
(VMD) at high energies.

One can also look for new pheno-
mena such as the existence of addi-
tional vector mesons in the 2z and
3n spectra up to masses of several
GeV, which can be checked by look-
ing at the missing mass spectrum
in the reaction vy + p—p + anything
as well as heavy leptons, which, if
they exist, should be produced via the
Bethe-Heitler process vy + p—p + I'".
Studies of the inclusive reactions
v + p—n* + anything can also be
extended to very high energies.

The eleciron beam can be used to
investigate scaling behaviour in deep
inelastic electron scattering at higher
values of g2 and v than are presently
accessible at SLAC. This would com-
plement the deep inelastic muon work
already planned for NAL.

This new electron/photon facility
should help increase our understand-
ing of electromagnetic phenomena
by opening up a new energy band.
Indeed, though it is limited in the
range of experiments it can feed, it
is probably the easiest and most eco-
nomical method of producing elec-
trons of such high energy.

BERKELEY

Superheavies still elusive
The possibility of finding ‘superheavy’
elements in Nature has taken another
knock following a two year search by

a team from the Lawrence Berkeley
Laboratory. They examined more than
forty large samples of ore and rock
and saw no signs of a superheavy.

Up to now it has proved possible
to manufacture, artificially at particle
accelerators, nuclei of elements as
high as element 105 (with 105 pro-
tons and 155 neutrons in the nucleus).
However, by studying the chemical
periodic table and by calculating how
the protons and neutrons cling to-
gether, it has been predicted that
several elements around element 114
ought to be unusually stable. Esti-
mates of their stability suggest that
measurable quantities could very well
still be hanging around even from
the days of the formation of the earth
4000 million years ago.

The Berkeley team (S. Thompson,
R. Jared, E. Cheifetz, E. Guisti, B.
Price, H. R. Bowman, J. Hunter) set up
their experiment some 240 m below
the summit of the Berkeley hills in a
tunnel about midway between Oakland
and Orinda being constructed for
rapid transit in the Bay Area. Their
detector looked for showers of neu-
trons (as many as ten) which would
be expected from the spontaneous
fission of a superheavy nucleus. Hid-
ing in a tunnel greatly reduced the
possibility that cosmic rays could
penetrate and initiate a similar neu-
tron shower.

Large samples of material from
many sources were carried to the
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As part of the Royal Society celebrations

for the centenary of the birth of Ernest
Rutherford (born in New Zealand on 30 August
1871) a group of distinguished scientists visited
the Rutherford Laboratory on 29 October.

The photographs show :

1. E. Amaldi, President of the CERN Council,
studying a copper model of a superconducting
magnet used as a 'holding’ magnet in a
polarized target (the polarization is frozen in
at 0.3 K in a 57 field and then the target is
moved to the holding magnet which has wide
angular access). With him is G.H. Stafford,
Director of the Rutherford Laboratory.

2. Reminiscing over a scaler built under
Rutherford at the Cavendish Laboratory in 1932
are : left to right — N. M. King (Rutherford Lab.),
D. M. Robinson (President, High Voltage
Engineering Corporation), W. B. Lewis (Vice-
President, Atomic Energy of Canada Ltd.), F. F.
Heymann (University College London).

(Photos Rutherford)

detector — including moon rock, a
large sample of gold nuggets, man-
ganese from the ‘floor of the Pacific,
platinium ore, lead ore, etc. No sign of
the fission of a superheavy nucleus
was seen. If naturally occurring super-
heavies exist their abundance seems
to be very low. Earlier this year a
possible identification of element 112
in targets bombarded in the CERN
proton synchrotron was reported from
Rutherford (see the March issue, page
70). However, confidence in this iden-
tification appears to be waning and
the superheavies remuain elusive.

RUTHERFORD
IBM 360/195

Instant computer commissioning has
just been practised at the Rutherford
Laboratory. An IBM system 360 mo-
del 195, which takes over from a
360/75 as the Laboratory’s main com-
puter, was successfully commissioned
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on 15 November only fifteen days
after its delivery.

The contract for the new computer
was placed exactly one year ago. It
is six times more powerful than its
predecessor and is intended to serve
the University teams and the Labora-
tory staff involved in the high energy
physics programme, processing data
from experiments at the two UK na-
tional Laboratories and from experi-
ments at CERN, and also to be used
for other research work carried out
by the Science Research Council. In
particular, it will be accessible to be
nearby Atlas Computer Laboratory
which provides extensive computing
services to Universities and other
research Institutes.

The computer costs about £ 3 mil-
lion. [t has a central processor of
2 megabytes supported by a block
multiplexor and a fast access fixed
head file. A disk store of 800 mega-
bytes and high speed tape units will

be added early next year, and in
1973 it is intended to convert the
installation to a more powerful ver-
sion — a system 370 model 195.

IBM succeeded in trimming the
time needed for installation down to
fwo weeks (a month less than initially
foreseen). The disruption to the Labo-
ratory’s computing services was there-
fore considerably reduced. The
360/75, which has been in action at
the Laboratory for the past five years,
continued to provide a limited service
during the transition. Prior to delivery
of the computer, test programs pre-
pared at the Rutherford Laboratory
had been run extremely successfully
on a model 195 at Pough Keepsie. It
was thus with considerable confi-
dence that the buttons were pressed
on 15 November. The confidence
proved justified.




VACUUMSCHMELZE

Muiticore Conductor 3,5x 7,6 mm?® twisted,
with cryostatic stabilization

NbTi based alloy
High Field Superconductor

VACRYFLUX 5001°¢

Application:
Magnets both of
big volume andon
laboratory scale

6

x105A/cm?2

Single core conductors for magnets of high homogeneity
(critical current density about 2-2,5x10° A/cm2at 5T)

Mutlticore conductors containing 30 to 250 twisted
superconducting strands, various degrees of stabilization,
cross section circular or rectangular

(diameter of superconducting cores: 0,1-0,2 mm)

critical current density

Filament conductors containing 60 to about 1000 twisted
superconducting strands, intrinsically stable
(critical currents varying from 100 to 2000 A at 5T)

0 2 4 6 T 8

magnetic Induction ——»

VACUUMSCHMELZE GMBH - 645 HANAU
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EEV know how to turn microseconds into

10:46

CRC29

a team at your service...

ALL GRYOSTATS
ALL GOILS

w28~ - paris 147

LABORATOIRES de

€8 MARCOUSSIS

Centre de Recherches de la Compagnie Générale d’Electricité
91- Marcoussis- France-Tel.: (1) 90120 02-Telex 26877 -LABMARCO
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m1nus W1th their storage tubes.

Observahon of random transient Waveforms—dlf‘hcult if not imposs- Quite an achievementisn't it? How isit done'P
ible with ordinary c.r.t. 'scopes—is made simple with the EEV Storage Conventional c.r.t.’s have one electron gun. The EEV
Tube. tube has two. One of them, the flood gun, is capable

A full brightness image with continuous viewing can be re- of illuminating the whole screen whilst the other—
tained for several minutes—and with added circuitry this can be the writing gun—has a finely focused beam which
extended to ten minutes or more. Under ‘hold’ conditions : writes information on a storage mesh, so producing an
an image may be stored for days. The tube can also be 'electronic stencil’. The flood gun's electrons flow through
used as a conventional c.r.t. with post deflection this stencil, lighting up the pattern on the fluorescent screen.
acceleration. This gives an image that is not only longer lasting, but also

No viewing hood-is necessary ; good, clean bright enough for full daylight viewing.
photography of waveforms is as easy as taking a The EEV rectangular type E714 is unique, and represents
far v group. No expensive recording cameras a major step forward in the design, manufacture and appli-
ar  equired and film is saved because the wave cation of Storage Tubes—the latest proof of EEV knowhow. &
shape can be adjusted as required before exposing. Please write or telephone for further information. %"’

EEV know how.

ENGLISH ELECTRIC VALVE CO., LTD., Chelmsford, Essex, England, CM1 2QU. Tel: 0245 61777. Telex: 99103, Grams: Enelectico Chelmsford. E

SAPHYMO-SRAT

»Z

Le pionnier o
dans les alimentations :
Standard « CAMAC »
C7ALJ13D
200 Watts disponibles -
+ 6V 25 A
— BV 10 A
+12v 3A
—12v 3A
+ 24 v 3A
— 24y 3A
DIVISION ALIMENTATIONS AUTRES FABRICATIONS

SAPHYMO-SRAT Slocs tyoe CEA

SERVICES COMMERCIAUX AI!mentat!ons variables qe laboratoire
Alimentations haute tension
51, rue de I’Amiral Mouchez - Paris 13° - FRANCE Alimentation multi-sorties

Tél. 588.16.39, 588.45.39 Alimentations sur mesure
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Kompensatoren und
Metallschldauche
fir die
Nukleartechnik

STARPOINT
ELECTRICS
LIMITED

INTERRUPTEUR A LAMELLE
A BOUTON POUSSOIR

Contact parfait en moins d'une milliseconde.

Se monte séparément ou en disposition multiple,
Les claviers "Keyboard" peuvent avoir n'importe
quel nombre de touches. Les montages incorporés
ont un systéme de code "diode -matrix" avec circuit
intégré qui donne la suite logique de deux touches,
"strobe'', etc.

EXISTE EN VERSION "CHANGE OVER" REF 2RB1.
LES TYPES 1RB1 ET 2RB1 SONT LIVRABLES
AVEC VOYANT LUMINEUX.

'{-.:::\‘“E Télévision Industrielle SA

Avenue des Communes-Réunies 78
1212 Grand-Lancy

Tél. 437140

a
BOA AG
CH-6002 Luzern
Kellerstrasse 45
Tel. 041-44 21 21 Recharging is effected easily and quickly with the

QUARTZ FIBRE POCKET DOSIMETER

the unfailingly reliable radiation measuring instrument.

STEPHEN BENCH TYPE CHARGING UNIT

Robust and practical, it is energised by a U2 (1.5V)
flashlamp battery. Will charge all standard quartz fibre
pocket dosimeters.

Ask for literature

R.A. STEPHEN & CO. LTD,,
MILES ROAD, MITCHAM CR4 3YP ENGLAND
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Lemo patented
latching system

General specifications Electrical specifications

Composition Characteristic impedance : 50 Q £ 2 9%,
Shell : brass 59 A Frequency range : 0-10 GHz

Insulator : teflon PTFE Max VSWR 0 = 10GHz: 1:12
Contact : brass 59 A Contact resistance: <8mQ

. Insulator resistance : > 10'2 Q under 500 V. DC
Finish Test voltage (mated F + RA) : 3 KV. DC
Shell : nickel + chrome Operating voltage (mated F + RA) : 1 KV. DC
RP + RPL types gold plated 3 microns
Contacts : nickel and 3 microns gold plated Normal maximum cable diameter : - 126
Operating temperature range : -55¢ C +1500 C Special arrangement : - 157

LEMD S5A L

Tél. (021) 711341 Télex 24 683 1110 MORGES (Switzerland)




CERN made a pilot model to study the feasability. We took over and in early -71
CERN received the first GAME table. The table below and three more are now
installed at TC/L Division, CERN.

Ask their Dr. H Sletten about it and then contact us: Saab-Scania, Industrial Systems
Division, Fack, 8-550 02 JonkoOping 2, Sweden, Tel +46 36 1197 80.
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Denendabilty
you Gal
sount o

For more information mail coupon to
dept. C-11

Pleaser ___phone ___visit ___send information

on models

Name

Title Dept.

Oréanization

Address

State

City

Phone

Ratloacive
Gas Monitors

TRITON systems monitor gamma
radiation, tritium, argon-41, carbon-14,
chlorine-36, fluorine-18, krypton-85,
radon-222, sulfur-35, xenon-133, and
xenon-135. Features: 0.5 micron
1absolute filters, electrostatic precipitators,
positive displacement pumps, gamma
compensation to 5 mR/hour.

Triton 955. Exceptional sensitivity:
101Ci/M3 full scale for H3.

Triton 1055. Portable. Operates on
rechargeable batteries.

Sensitivity: 50uCi/M3 full scale for H3.
Triton 755C. Suitable for rack mounting,.
Sensitivity: 100uCi/M3 full scale for H3,
Triton 1125, Mil-Spec quality.

Portable, rugged, rainproof.

100xCi/M3 full scale for H3.

Tritium Calibrator (CL-1). For field
calibration of Triton monitors. Accurate,
rapid calibration in 3 to 5 minutes,
Remote Alarm (RA-1), Audible and

Operates up to 500 ft. from main
instrument.

'Johnston =
iLaboratories,lnc. ="

| 3 Industry Lane, Cockeysville, Maryland, USA 21030

:,

|
|
|
|
]
]
|
|
i
|
i
|
|
|
{ visual. Powered from main instrument.
|
I
I
I
|
|
|
|
|
|
|
|
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Shecirometry
Gomponents

Focused Mesh Multiplier (MM-1). For
pulse counting or current measurement
of electrons, ions, UV or x-ray photons,
and energetic neutral atoms or molecules.
Guaranteed reactivateable. Delivered
gain: 106 to 108, Noise less than 1
count/minute at 107 gain. Gain
stability at count rates in excess of
106/second. Bakeable at 350° C. No
ion feedback. Non-magnetic. 1.5 sq. in,
active surface area. (Model MM-2,
miniature version of MM-1.)
Pulse Amplifier Discriminator (PAD-1).
Low power consumption. Charge
sensitive input. Rise time: 3 nanoseconds.
Adj. discriminator: 20:1 range. Rugged.
Miniature. (Model PAD-2 for pulse
counting rates to 107sec.)
Regulated High Voltage Power Supply
(HV-4R). No vacuum tubes. Output:
500 v. to 6.1 kv. Reversible polarity.
Noise less than 300 microvolts RMS.

Drift less than .01% /hour, .02% /day.



Digital Equipment’s new family of
big computers, DECsystem-10. Each of
the five systems (2nd shown) is a
price/performance giant.

New faster, bigger processor.
Expanded core memories. More COBOL
features. New high performance dual
density disk packs. Super multipro-

’% cessor systems. Improved card
readers. New magtapes. And more.

DECsystem-10 runs four functions:

batch processing, multi-access

conversational timesharing,
remote job entry (batch and time-
sharing), and real-time equally

well and simultaneously.

All five systems run all four
functions using the same operating
system with the same job control
commands. Al are serviced by the same
language processors COBOL, ALGOL,
FORTRAN, BASIC, MACRO, and many
others. The only thing that changes is
speed and capacity.

Digital Equipment Corporation
International-Europe, 81, Route de I'Aire,
CH-1211 Geneva 26. Tel. 022/42 79 50,
Telex 22683.

Reading, London, Manchester,
Birmingham, Edinburgh, Munich,
Cologne, Hannover, Frankfurt, Vienna,
Stockholm, Oslo, Copenhagen, Paris,
Grenoble, The Hague, Brussels, Zurich,
Milan.

dlilgliltall
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Inder
Elektronik
sind wir
‘upto date’

Elekironische Messgeréte,
aktive und passive Kompo-
nenten, Produktionsmaschinen
fiir die Elektronik — kurzum,

wir geben uns Mihe auf diesem
Gebiet «up to date» zu sein.

Die in diesen Jahren mit unserer
Kundschaft und unseren Liefe-
ranten gewonnenen Erkennt-
nisse und Erfahrungen helfen
uns Sie richtig zu bedienen.

seit 25 Jahren

' Forrlibuckstrasse 110 8005 Ziirich g

Telefon 01/4299 00




CAMAC
QUAD
SCALER

Type 1004

for general purpose
and TDC applications
up to 40MHz

four independent
dc-coupled 16-bit scalers

channels 1+2 and 3+4
can be serialized

common gate

special logic controls
generation of LAM
from trailing edge

of gate signal

can be disconnected
from Clear (C)

built-in status register

push-button reset

Also available:

"&% CRATE CONTROLLERS

TYee e DATAWAY DISPLAYS

" BRANCH DRIVER/INTERFACES

to: HP Computers, PDP9, PDP 15 and
Varian 620/i

ELECTRONICS

"1 CO

4500 Solothljrn 2, Switzerland. Tel. 065 4 8821, Telex 34228
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fraiseuses
universelles

universal
milling
machines

100x220 mm

200x600 mm

F4

250x800 mm

F5

300x800 mm

ACIERA SA FABRIQUE DE MACHINES CH 2400 LE LOCLE
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f Liquefying . Storage \
Transport. Supply
Handling . Applications

of cryogenic fluids

from 4 to 100° K L'AIR LIQUIDE

alwaﬂs has an equipment or
| a technique at your disposal.

A- LAIR LIQUIDE

DIVISION MATERIEL CRYOGENIQUE
57 Avenue Carnot 94 CHAMPIGNY/M

‘ tél 883 97 40 Telex Champalchamp 23 884
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Leading in coincidence

unmatched in performance, flexibility, compactness

s 4 direct-coupled inputs accept NIM
normal or complement fast logic
signals.

*

Double pulse resolution < 6 ns.

iz Selectable bin gate for slower sys-
tem gating.

o
05

Direct-coupled Veto input provides
leading edge inhibit to reject un-
wanted data.

Ianit programming pins select
participating inputs; no need to re-
move cables to disable inputs.

= Full logic capability: ANDing, OR-
ing, majority, inhibit, and comple-
mentary logic.

s High fan-out: 4 negative and 2 com-
plementary outputs bridged for
splitting, back-terminating, or clip-
ping.

LeCHDE RESEABLR SYATENS
LDRPEERIN

Developed for the National Accelerator Laboratory in
Batavia, 1llinois, these high-performance circuits utilize
the CAMAC-compatible Lemo-type connector, the single-
width NIM module, and MECL III integrated circuits to
achieve a remarkable increase in circuit compactness and
the number of available logic functions. System-wise,
this means lower cost through fewer modules and power
chassis, shorter time delays, and enhanced reliability.

D arop D
LOGIC_UNIT

# Coincidence widths from 1 ns up.
# 1.2 ns output risetimes.
: No multiple pulsing: one and only

one output is produced regardless
of input amplitudes or durations.

o
5

s # Low stage delays.

-«

Compact packaging: two channels
per module; 24 channels per power
bin mean smaller systems, shorter
system propagation delays, up to
75% fewer power chassis.

s Flexible outputs: Model 364 offers
either time overlap or fixed 3.5 ns
duration; Model 365 offers dead-

e timeless updating operation plus

ey Ty adjustable output durations from
W bt 3-50 ns.

WEST MATH HEMIRL HO

HEW FORK

Only LRS is now offering a complete line of compatible,
compact instruments, including discriminators, ampli-
fiers, fan-ins, fan-outs, and CAMAC data acquisition
modules. Leader in coincidence! Leader in CAMAC! Look
to LRS for the latest in state-of-the-art design, for per-
formance and dependability. For complete specifications
and applications assistance, contact the LRS Nuclear
Sales Department or your nearest LRS Sales Engineer.

LRS

Innovators in Instrumentation
LeCroy Research Systems Corp.

126 NORTH ROUTE 303 « WEST NYACK, N. Y. 10994

TWX: 710-575-2629

TELEPHONE: 914 / 358-7900
CABLE: LERESCO



