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Around the Laboratories

CERN

First results

at 540 GeV total
energy

The 540 GeV total energy attained in
the proton-antiproton collisions in
the CERN SPS represents by far the
highest collision energy ever reached
under controlled conditions. For the
first time physicists are able to study

“in their Laboratory the sort of behav-
iour which had been seen only with
cosmic rays reaching the earth from
outer space.

The data amassed so far is meagre
by the standards of high energy phy-
sics experiments, but is copious in
cosmic ray terms. The first samples
were recorded during short operat-
ing periods late last year, officially
designated for machine develop-
ment. First experiments to take data
were the mighty UA1 calorimeter,
the UAD streamer chamber, and the
‘Roman pots’ of the UA4 group (see
December 1981 issue, page 446).
After these initial runs, the UAb ap-
paratus was removed from the LSS4
experimental area and the big UA2
detector (Berne / CERN / Copenha-
gen / Orsay / Pavia / Saclay) shifted
into place. This recorded its first pro-
ton-antiproton data early in Decem-
ber.

The initial results from UA1 and
UADS cover the multiplicities and dis-
tributions of the particles produced,
and show that this extrapolates well
from what is known at ‘lower’ ener-
gies at fixed target machines and at
the CERN Intersecting Storage Rings.
On average, about 25 charged parti-
cles are produced, but there is a sig-
nificant yield of higher multiplicity
events. In the central region around
the beam pipe (lower values of rapid-
ity), the observed distribution of pro-
duced particles does not vary much.
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About three or four particles are
emitted per unit of rapidity. Average
transverse energy is high, and ap-
pears to be due to a relatively high
number of secondary particles, each
carrying a comparatively small trans-
verse momentum (about 500 MeV
compared to 350 MeV seen at ISR
energies).

Although the experiment is pri-
marily designed to work with UA2,
UA4 had preliminary data on proton-

The 40-ton structure housing the streamer
chambers of the UA5 experiment for the
CERN proton-antiproton collider dangles in
the air (50 m below ground) as the
juggernaut of the UA2 detector is moved
slowly towards its position in the SPS ring.

(Photo CERN 266.11.81)

antiproton elastic scattering from the
first runs. With data from the inner
detector of UA2, a first indication of
the proton-antiproton total cross-
section at 540 GeV could soon

emerge.

So far, nothing totally unexpected
has been seen at 540 GeV, but these
are as yet early days. Luminosity at-
tained 5 x 1027 cm™ s™' towards the
end of 1981.




Layout of the apparatus used by the
European Muon Collaboration (EMC) in the
North Experimental Area at the CERN 400
GeV SPS proton synchrotron. For
explanation, see text.
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More from muons...

Already one of the largest experi-
ments at CERN, the European Muon
Collaboration (EMC) has been sub-
stantially enlarged. Using an impres-
sive spectrometer, the original An-
necy / CERN / DESY / Freiburg / Kiel
/ Lancaster / Liverpool / Oxford /
Rutherford / Sheffield / Turin / Wup-
pertal collaboration began taking
data in the North Experimental Area
of the 400 GeV SPS proton synchro-
tron in 1978. The experiment has
amassed valuable results on hadron
production by muons and on nucleon
structure functions which comple-
ments what has been found using
high energy neutrino beams at CERN
and Fermilab and using electron
beams at SLAC.

The EMC apparatus has now been
extended by the addition of a large
vertex detector and downstream
particle identification to provide im-
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proved analysis of the particles pro-
duced in deep inelastic (violent)
muon-nucleon interactions. For this,
the EMC collaboration has been
joined by physicists from Aachen,
Hamburg, Mons, Munich, Orsay and
Uppsala, making a total of over 120
researchers from 18 institutes in
seven countries — a remarkable ex-
ample of international scientific col-
laboration!

Initial muon interactions ina 1 m
hydrogen or deuterium target are re-
corded in a 2 m streamer chamber
mounted inside a superconducting
magnet of inner diameter 2 m
(marked VSM in the diagram). New
apparatus installed downstream in-
cludes two large threshold gas Cher-
enkov counters (Cy, Cq) and two
large aerogel Cherenkov counters
(CA), together with proportional
chambers (PV1-3) and drift tubes
(WV1-3) for recording large angle
tracks. The enlarged EMC configura-

tion began working last June, and
data taking commenced in July.

Physics aims include the study of
events with two or three emergent
hadron jets (see May 1981 issue,
page 153), and the study and com-
parison of the hadron production re-
sulting from the excitation of the
struck quark (current fragmentation)
and the spectator diquark system
(target fragmentation). This has al-
ready given some interesting results
(see  December 1981 issue,
page 447). Other physics topics in-
clude charm production and the for-
ward-backward correlations of pro-
duced baryons and strange mesons.
Additional information could come
from comparing data taken using hy-
drogen and heavy targets.

Another project is the study of the
dependence of structure functions
and of hadron production on the
quark spins. For this, a 75 per cent
polarized muon beam from the SPS
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Top, a ‘typical” event seen in the new
streamer chamber of the European Muon
Collaboration’s experiment at CERN.
However a small fraction of the events
show high multiplicity of produced particles
(bottom). In both pictures, the undeflected
muons are clearly seen.

will be used with a big polarized tar-
get developed by CERN, Liverpool
and Rutherford (see May 1981 issue,
page 154). This study will also make
use of the new downstream Cheren-
kov counters.

...electroweak effects
with muon beams

Preliminary results from the NA4
experiment (Bologna/CERN/Dubna/
Munich/Saclay) using high energy
muon beams in the North Area of the
CERN 400 GeV proton synchrotron
reveal delicate effects due to the in-
terference between weak and elec-
tromagnetic interactions. Although

Unusual view of the 50 m toroidal iron
spectrometer of the NA4 experiment at
the CERN SPS which has seen some
electroweak interference effects in high
energy muon-nucleon scattering.

(Photo CERN 289.8.78)
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there are possible factors still to be
taken into account, the results un-
derline once again the standard elec-
troweak model.

Good quantitative evidence in fa-
vour of this model was obtained in
the historic study at SLAC several
years ago which measured the tiny
(0.01 per cent') asymmetries in the
scattering of polarized electrons due
to electroweak interference. In high
energy muon-nucleon scattering,
larger values of momentum transfers
are accessible and the electroweak
interference effects should be about
a hundred times stronger. This has
now been observed in the NA4 ex-
periment by comparing the scatter-
ing of positive and negative
muons.

The experiment uses a 40 m-long
carbon target along the axis of a
50m-long toroidal magnetized iron
spectrometer which traps the scat-
tered muons.




Data has been taken with both po-
sitive and negative muon beams at
energies of 120 and 200 GeV. The
difference between the observed
deep inelastic scattering cross-sec-
tions reflects the electroweak inter-
ference effects. Preliminary analysis
of more than two million events
shows agreement with the standard
model. The painstaking work of
applying small experimental correc-
tions and looking for potential
sources of systematic errors is con-
tinuing.

UNDERGROUND
Soudan mine
experiment

Six hundred metres below the sur-
face of the earth in northeastern Min-
nesota, the Soudan 1 detector
awaits a proton decay. This 31-ton
device was constructed by high en-
ergy physicists in a hundred year-old
iron mine, to take advantage of the
dense rock overburden as a cosmic
ray shield. This is the largest under-
ground iron mine in Minnesota, and
was operated until 1963. It is now a
National Historic Site and is open to
tourists during the summer season
as part of Tower-Soudan State
Park.

The detector began data collection
early last summer. It is composed of
a block of iron-loaded concrete, 3 m
by 3 m by 2 m high, instrumented
with 3456 gas proportional tubes.
These 2.7 cm diameter steel tubes
are arranged on a 4 cm lattice in 48
layers, with alternate layers at right
angles in order to provide two stereo
views of each event. The detector is
surrounded by a scintillation counter
shield, covering the top and four
sides. The device is triggered when
one or more tubes are hit in each of
three out of four adjacent layers.

Originally a Minnesota/Argonne

collaboration, the Soudan 1 experi-
ment has been joined by a group
from Oxford. Together these physi-
cists have now proposed building a
1000-ton tracking calorimeter, 60 m
deeper in the same mine. This pro-
posed Soudan 2 detector would use
5 m by 5 m proportional wire/cath-
ode strip planes to view ionization
drifting in from calorimeter elements
up to 50 cm away. The scheme pro-
vides fine granularity in alarge device

Inspecting the Soudan 1 underground
detector prior to the installation of the
electronics. The ends of some of the 3456
gas proportional tubes can be seen
protruding from the iron-loaded concrete
calorimeter material.

with compact electronics. In addition
to having good spatial resolution,
Soudan 2 would measure energy
loss to assist particle identification
and separation of electromagnetic
and hadronic tracks. These charac-
teristics will be particularly useful in
identifying branching modes of ob-
served proton decays.

While the Soudan 2 proposal is
being discussed with the funding
agencies on both sides of the Atlan-

- CERN Courier, January/February 1982



tic, Soudan 1, which is both a proto-
type and an actual experiment, is
continuing to record data. An aver-
age of one muon every 24 seconds
penetrates the 1800 m water-equiv-
alent of overburden and strikes the
detector. This muon rate is suffi-
ciently high to permit convenient
monitoring of the detector perfor-
mance. Because of the high efficien-
cy of the scintillation counter shield
and of the proportional tubes them-
selves, the muon-induced back-
ground is expected to be small.
Simulations have shown that the ex-
pected proton decay signal in Sou-
dan 1 will be greater than the neut-
rino-induced background for nucleon
lifetimes of 4 x 10%° years or less.
For this decay rate and current theo-
retical estimates of branching ratios,
the detector would yield about four
reconstructed decays and one neu-
trino backgroundevent during a two-
year exposure.

Although no proton decay candi-
dates have yet been observed, the
cosmic ray events seen by Soudan 1
so far may prove to be quite interest-
ing in themselves. About 35 events
out of 1000 are more complicated

than the usual single muon tracks-

which pass straight through the de-
tector. One quarter of these interest-
ing events have multiple muons,
which can be studied in great detail
thanks to the high resolution of the
detector. Indeed, an event has been
observed in which thirteen parallel
muons simultaneously pass through
the sensitive volume. Most of the
other interesting events show show-
ers of various types. Some showers
appear monolithic, with a highly ion-
izing central core, and are presuma-
bly of electromagnetic origin.

In addition to fine spatial and ener-
gy loss measurements, the Soudan 1
detector records the time structure
of each event in 100 to 300 nsec
intervals for a period of 7 micro-
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seconds around the trigger time.
This will permit the group to observe
muon decays and to search for slow,
penetrating particles such as heavy
leptons and magnetic monopoles.
With these capabilities, the Soudan
1 detector has special attractions.

Building beneath
Mont Blanc.

Some 3000 metres below the sum-
mit of Mont Blanc, in a ‘garage’ near
the middle of the 12 kilometre road
tunnel linking France and Italy
through the Alps, a CERN/Frasca-
ti/Milan/Turin collaboration is busy
assembling a 160-ton passive de-
tector to search for signs of proton
decay and other unusual phenom-
ena.

The complete 3.5 m cubic detec-
tor will contain 134 iron plates, each
1 cm thick and weighing about a ton,
interspersed with 43 000 streamer

Preparations 3000 m below ground in a
garage off the Mont-Blanc road tunnel for
a nucleon decay search by a
CERN/Frascati/Milan/Turin collaboration.

tubes (see July/August 1981 issue,
page 252). These tubes are first pre-
pared at Frascati and subsequently
come to CERN for mounting, prior to
installation in the tunnel. While con-
struction and assembly of the
streamer tubes began some time
ago, preparations in the tunnel began
only last September. With assembly
of the iron ‘castle’ now complete,
installation of the streamer tubes is
under way, and if all goes well, the
detector could go live soon.

Setting up such a big detector just
off a busy road tunnel is not without
its problems. The garage has in fact
already been used by Milan physi-
cists for double beta decay searches,
however the new project called for
the installation of antinoise doors, air
conditioning, mains lighting, running
water, etc.

Unloading the large components
of the detector into the garage is a
tricky business. One lorry carries the
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major part of the load and parks just
outside the tunnel entrance, while a
second lorry, equipped with a crane,
thenferries back and forth, delivering
the detector components to the ex-
perimental site. Manceuvering the
lorry outside the experimental site
means interrupting the traffic, as in-
side the tunnel there is only one lane
in each direction.

After so much careful preparation,
the physicists are hoping that their
well-shielded fine-grain detector will
soon provide new evidence to guide
our understanding of the relationship
between the different forces found in
Nature.

STANFORD
Towards the new
collider

A major milestone in the research
and development programme for the
SLAC Linear Collider (SLC) project
was passed recently with the com-
pletion of the vault to house the SLC
Damping Rings.

The idea behind this collider is sim-
plicity itself — two linear accelera-
tors are aimed at one point to collide
electrons and positrons. The rea-
sons for choosing this route, instead
of continuing the tradition of colliding
beams in a storage ring, are econ-
omic. The additional r.f. power,
needed to compensate for the steep-
ly rising energy losses through
synchrotron radiation, makes the
cost of storage rings increase as the
square of their energy. On the other
hand linear machine costs increase
only as the first power of the ener-
gy.

The SLC aims to use the existing
SLAC linac to produce both an elec-
tron and a positron beam for colli-
sions at centre-of-mass energies up
to 100 GeV. As well as opening up a
new era of accelerator technology,
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this project is aimed at an exciting
new energy range to explore weak
interactions.

The project requires the construc-
tion of two damping rings, a new
electron injector, a positron target
and return line, the collider arcs, and
the final focusing system to bring the
particle bunches into collision.

The electron gun produces the re-
quired 5 x 10'° electrons to fill a
singler.f. bucket, corresponding to a
bunch about a millimetre long. With
this beam accelerated to about 35
GeV and dumped into a heavy target,
enough low energy positrons would
be produced and brought back to the
injection end of the linac to provide
the required intense positron beam.

Although the positron and electron
bunches would be both intense
enough and short enough, neither
would be small enough across for
use in the collider. The positron
beam, with its diffuse production

Last summer, excavation began for the
construction of the Damping Rings for the
proposed SLAC Linear Collider. By
November (after this photograph was
taken), general construction was complete
and the junctions with the linac resealed

to enable installation work to continue while
the linac is running.

(Photo Joe Faust)

process, would be about 100 times
too big. The two bunches must be
accelerated to about 1 GeV and
stored in the new Damping Rings,
where after several milliseconds the
emittance of the bunches would be
small enough for them to be re-
injected into the linac for subsequent
acceleration.

These are the pieces, but thereis a
long way to go before they can all fit
smoothly together. It is a bit like hav-
ing to juggle with four balls. The posi-
tron and electron rings each have
two bunches. On ‘go’, both electron
bunches but only one positron bunch
are taken out of the rings and in-
jected into the linac. The positron
bunch and the first electron bunch
make it to the end of the linac, where
they are diverted into the two arcs
for the trip round to the collision
point. The second electron bunch —
the last in the train — is diverted
about two-thirds of the way along

CERN Courier, January/February 1982



The schematic ‘tennis racket’ diagram
showing the principle of the proposed new
SLAC Linear Collider (SLC). This requires

a major research and development effort
— even the ‘existing linac’ would have to
be substantially refitted.

~=| Finol Focus |

Collider Arcs

Transport from Linac

+—+

L Existing Linac

Positron Booster

Positron Target —

Pulse Compressors (2)

Damping Rings (2)

Existing Linac

Electron Booster

Electron Gun

the linac into the positron target.
This produces a positron bunch
which is accelerated to 200 MeV and
brought back to the input end of the
linac, accelerated to 1.2 GeV and
injected into the positron damping
ring. At the same time, two new
electron bunches are delivered by
the electron gun and injected into the
now empty electron ring, completing
the cycle. The whole process would
take some tens of microseconds and
would be repeated 180 times per
second.

The project requires a major re-
search and development effort. Even
the main component, the existing li-
nac, has to be substantially refitted
for the precision control and moni-
toring required for SLC operation. Of
the several development pro-
grammes now under way, the con-
struction of the Damping Rings has
been the most evident. Last June,
excavation for the heavy concrete
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vault to house the rings began. By
November, general construction
was complete and the underground
vault covered over. The junctions of
the two tunnel pipes with the linac
were made and temporarily resealed
to allow work on the rings to contin-
ue while the linac is running.

Linac beams will be extracted and
reinjected in a common septum re-
gion of the linac (the ‘tennis racket
diagram’ is only schematic), and will
circulate clockwise in the two 35 m
circumference rings, stacked one
above the other in the new vault.
Operating at 1.2 GeV, each ring will
have about 50 powerful bending
magnets and 40 quadrupoles in a lat-
tice designed to achieve fast damp-
ing and low emittance. The return
lines to the linac will be equipped
with a small accelerating cavity
which, together with the transport
line, will compress the beams from 6
mm to 1 mm. One line would accom-
modate special solenoids for hand-
ling polarized electron beams.

First tests with injection of elec-
trons into one ring are scheduled for
this fall, and reinjection into the linac
early next year.

CORNELL
Higher luminosity and
improved detector

Both interaction regions of the CESR
electron-positron storage ring at
Cornell had major alterations during a
three-month shutdown when mini-
beta insertions were installed to im-
prove luminosity. The conversion
coincided with introduction of a su-
perconducting coil in the CLEO de-
tector. The entire CLEO detector was
taken apart to remove the aluminium
coil and the opportunity was taken to
tidy up the inner drift chamber (re-
moving troublesome ‘hot’ wires and
replacing broken ones). Various

components underwent minor im-
provements and a major change was
the installation of ionization-loss de-
tectors in all eight octants. These
replaced Cherenkov counters in four
of the octants. CLEO is now in its
originally planned configuration with
a symmetrical detector around a su-
perconducting coil.

The mini-beta configuration re-
duces the distance between interac-
tion point and first quadrupole from
3.6 mto 2.2 m. The original quadru-
poles are still used in the new con-
figuration but the compression of the
interaction region left no room for
compensating solenoids normally
used to cancel out the rotation in-
duced by the main CLEO solenoid.
Instead, the compensation is now

Results from
upsilons

The CLEO and CUSB experi-
ments at the CESR electron-
positron storage ring at Cornell
have made a speciality of the
study of upsilon resonances.
The decays of the first three
states, which are narrow, pro-
vide a useful testing ground for
models of heavy quark dynam-
ics and for quantum chromody-
namics (QCD) predictions. The
masses and decay parameters
of these narrow upsilons be-
have as expected, and the QCD
scaling parameter comes out
as 100+ 34— 25 MeV.

The fourth upsilon is much
broader, due to decays into
beauty mesons. This reson-
ance therefore provides addi-
tional information, which fa-
vours a conventional six-quark
picture. Exotic models, pro-
posed to sidestep a sixth
quark, do not look good.




done by three pairs of rotated qua-
drupoles — two on a carriage allow-
ing precise rotation around the
beamline, the third further away in
the arcs of the ring. The first quadru-
poles are mounted on rail systems
which allow variation of the quadru-
pole distance, and permit access to
the CLEO poles and inner detectors.
In the CUSB interaction area, this rail
system allows the quadrupoles to be
pushed in as close as 1.8 m to the
interaction point.

After about two months of opera-
tion, luminosity has been increased
by a factor of 2.5, and there is room
for greater increases as the beam
current is raised. So far the time has
been spent in investigating high lumi-
nosity lattices that produce minimum
background in the two experiments.
Initial trials showed that the compen-
sating scheme worked according to
plan, and that high luminosity could
be achieved. However both experi-
ments were troubled by high back-
ground rates from electrons hitting
masks near the interaction regions.
The CUSB experiment, which occu-
pies a very small space along the
beam, was successfully shielded us-
ing lead outside the beam pipe. CLEO
does not allow efficient shielding of
the masks. A short interruption of
operations in mid-December allowed
removal of some of these masks,
which caused more trouble than they
were worth.

Meanwhile the experiments have
been running mainly on the third upsi-
lon, looking for transitions to inter-
mediate states. Peak luminosities
have been over 7 x 1030 per cm? per
s per interaction region. Integrated
luminosities of over 50 per nb per fill,
and over 200 per nb per day are
accumulated by each experiment. Ef-
forts will now be concentrated on
increasing the peak currents and lu-
minosities.

The CLEO superconducting coil
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has not posed any major problems.
Operation has been at around 0.5
Tesla, waiting for all the iron of the
magnet pole pieces to be installed.
With full pole pieces CLEO will run at
1 Tesla. The coil has already been
tested at higher fields.

DESY
Physics for HERA

In October, a further HERA meeting
was organized jointly by ECFA and
DESY, and took place this time at the
University of Wuppertal. About 120
physicists from 10 countries dis-
cussed many aspects of the physics
which could be done with the HERA
electron-proton collider proposed
for DESY. At the same time, latest
news was given on the status and
prospects for the project.

In his opening address, chairman
J. Drees emphasized the four goals
of the meeting— presentation of the

At the recent HERA meeting at DESY, Gus
Voss (above) described world possibilities
for electron-proton collisions, and S.
Ohnuma reported on the good progress
being made with superconducting magnets
for the Fermilab Doubler/Saver. Similar
magnets are being proposed for HERA.

(Photos DESY)

latest technical proposal including
new machine parameters, a realistic
comparison of HERA with other elec-
tron-proton projects, a report on
progress with superconducting mag-
nets, and discussion of the experi-
ments possible at HERA, taking the
latest developments into account.

Following this outline, HERA pre-
parations coordinator Bjorn Wiik
presented the July version of the
technical proposal, the work of
about fifty physicists and engineers
from 23 institutes (including DESY).
Following the initial studies for the
HERA machine, many improvements
have been incorporated (see for ex-
ample June 1981 issue, page 205).
Wiik explained in particular the
changes for the superconducting
magnets, which are now planned to
have a cold bore and be practically
identical to those successfully devel-
oped for the Fermilab Doubler/Saver
ring.
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Representatives of the PETRA operations
group and the JADE, Mark-J, PLUTO and
TASSO collaborations at DESY celebrate
in the control room at the end of a
successful electron-positron run at 17.5 GeV
per beam. In about six weeks during
November and December, each of the four
experimental groups collected a luminosity
of 17 000 inverse nanobarns, despite a
four-hour energy-saving shutdown every
working day. .

(Photo DESY)

Next speaker was Gustaf-Adolf
Voss of the DESY directorate who
gave a comprehensive worldwide
survey of current electron-proton
projects. Of these, only two, TRIS-
TAN in Japan and HERA, have been
explicitly planned for electron-proton
collisions. Among the world’s list of
electron-proton projects, HERA
scores well on both luminosity and
energy.

After detailed technical discus-
sions, further talks covered theoreti-
cal ideas. Guido Altarelli and Don
Perkins emphasized the importance
of testing quantum chromodynamics
and electroweak theory at high
momentum transfers which probe
deeper inside matter and could show
whether quarks and leptons are in-
deed pointlike, or whether they in
fact have an internal structure.

In his concluding remarks, John
Ellis summarized the numerous theo-
retical ideas and expectations for the
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physics with HERA. New structure
functions could be measured and
new particles found. Grand unifica-
tion, supersymmetry and Higgs par-
ticles could be explored. There ap-
pear to be many fields in which only a
machine like HERA can provide new
insights.

FERMILAB
Silicon detector
workshop...

The outstanding physics develop-
ments of recent years have included
the discovery of charm and beauty
flavours and of the tau lepton. The
short lifetimes involved have di-
rected interest towards techniques
to measure the decays of these par-
ticles. It is becoming increasingly
clear that silicon microstrip detec-
tors and ‘live’ silicon targets may be
particularly well suited to this new

PETRA 1981
4251

5 nb'

physics. These devices also appear
to be important for a variety of other
applications to deal with high particle
multiplicities and high energies.

Much progress has recently been
made, particularly in Europe, on the
application of solid-state techniques
to high energy instrumentation, and
a topical Workshop was organized
at Fermilab on 15—16 October on the
use of silicon detectors. The meet-
ing, organized by Tom Ferbel from
Rochester, had two major goals —
firstly to inform experimenters on re-
cent advances in the development of
finely segmented silicon detectors,
and secondly to bring together some
of the world experts in the field to
evaluate the feasibility of construct-
ing detector systems that could
complement present-day tracking
devices for ultra high energies, large
multiplicities and small inter-particle
distances.

The Workshop opened with an ex-
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cellent state-of-the-art review by
H.M. Heijne from CERN. Heijne also
presented his group’s impressive
achievements in developing micro-
strip hodoscopes in association with
the Enertec division of Schlumber-
ger. He emphasized repeatedly that
the key to large-scale application of
silicon strip devices was the devel-
opment of adequate electronic read-
outs. The electronic challenges were
then tackled by V. Radeka from
Brookhaven. He described the gen-
eral problem of signal formation,
noise and position readout in these
low signal detectors and discussed a
particular system envisaged for fu-
ture collider operation, possibly at
ISABELLE. C. Damerell of Rutherford
gave a concise review of present and
future possibilities for charged-cou-
pled devices (CCDs) in the localiza-
tion of charged particle trajectories.

The status of silicon dectector de-
velopment in the United States (es-
pecially efforts at Berkeley to meas-
ure decays of .short-lived particles)
was described by G. Kalbfleisch from
Oklahoma. P. Shepard from Pitts-
burgh described a novel scheme
based on the storage of ionization
charge in shallow traps in doped sili-
con crystals operated at cryogenic
temperatures. R. Carrigan of Fermi-
lab then reviewed the possibilities of
using bent silicon crystals for chan-
nelling particle trajectories. A more
intense presentation on the develop-
ment of solid-state detectors based
on CCD concepts was given by A.
Bross from Berkeley. P. Manfredi
from Pavia ended the first day with a
fine lecture on the design of electron-
ics for silicon telescopes.

On the evening of 15 October, a
special seminar was held in the Fer-
milab Users’ Center. T. Ludlam from
Brookhaven and W. Vernon from
San Diego spoke on future prospects
for semiconductor detectors in high
energy physics. In particular, ideas

12

were presented on how to deal with
readout of mega-channels of infor-
mation. The evening session closed
with rather encouraging remarks
from commercial representatives L.
Levit of LeCroy Systems and M. Mar-
tini of ORTEC.

The second day of the Workshop
covered the latest work in Europe. G.
Bellini from Milan spoke on measure-
ments of D meson lifetimes. B.
Hyams from CERN, fully equipped

At a ceremony on 1 October, the Fermilab
Auditorium was officially named the
‘Norman F. Ramsey Auditorium’ in honour
of the first president of Universities
Research Association (which operates
Fermilab for the US Department of Energy).
Ramsey (seen here) is Higgins Professor
of Physics at Harvard.

(Photo Fermilab)

with samples of his silicon counters
and electronics, discussed the devel-
opment of ten-micron resolution de-
vices in collaboration with EMI. His
colleague, G. Lutz from MPI Munich,
presented a parallel approach for in-
strumenting a ten-micron resolution
system for spectrometers at CERN.
A. Menzione from Pisa described ex-
tensive efforts in manufacturing sili-
con detectors while J. Poinsignon
from Saclay presented details of an
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ambitious programme for building a
multi-thousand channel detector for
a CERN experiment. Finally, J. Killia-
ny of the US Naval Research Labora-
tory described studies of radiation
damage and hardening of silicon de-
vices.

The Workshop was attended by
about 150 physicists and, judging
from the remarks in the halls, it was
successful in meeting its goals. It
showed rather dramatically that sili-
con devices have already found a
niche in high energy physics. There
have been great strides forward, par-
ticularly in Europe, both in the Labo-
ratories and in attracting commercial
firms. The silicon age in high energy
physics looks as if it is here to stay
for a while.

Because of the great interest, the
Workshop proceedings will be pub-
lished shortly. For more information,
write to T. Ferbel, Department of
Physics, University of Rochester, Ro-
chester, New York, 14627, USA.

...and direct photon
workshop

A workshop held from 26—28 Sep-
tember at Fermilab was devoted to
the theory of and experiments on
direct photons. Attended by over 60
physicists, it was organized by Den-
nis Judd of Fermilab and Ed Berger of
Argonne.

Direct single photon production at
high momentum transfer (a quark-
gluon interaction) provides a clear
test of quantum chromodynamics.
To illustrate this, Jeff Owens of Flo-
rida State reviewed QCD theory
along with many of the calculations
for single direct photon production.
He pointed out that the calculations
of leading term approximations suf-
fer from a variety of kinematical
definitions as well as gluon structure
function ambiguities. These varia-
tions in kinematics change the pre-
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dictionby as much as a factor of two
at an energy of 31 GeV.

* Reinholdt Ruckl discussed the con-
stituent interchange model contribu-
tion to the direct photon cross-sec-
tion. Geoffrey Fox's talk centred on
the hadronic final states in high trans-
verse momentum collisions and en-
compassed the development of the
possible away-side jets in direct pho-
ton measurements. Francis Halzen
reviewed the present world data in
earlier direct photon experiments
and the relation of the data to theo-
ry.
Peter Koehler summarized the cur-
rent and planned experiments at the
CERN SPS proton synchrotron.
There was also a presentation and
discussion of the past and current
data by experimentalists including
Brad Cox (covering Fermilab studies)
and Tom Ferbel, Steve Pordes and
David Leventhal (covering experi-
ments at the CERN ISR).

The experimental data indicated
that it is difficult to isolate a signal
coming from a direct photon from
those arriving at a detector due to
neutral meson decays. Low trans-
verse momentum experiments also
suffer from the presence of a brems-
strahlung component. As aresultitis
not clear that the ratio of photons to
neutral pions is the most revealing
quantity to measure in the proposed
experiments. The results of the
workshop suggest that one should
look at jet correlations coupled with
a direct gamma trigger.

LOS ALAMOS
Nuclear spectroscopy

with pions

Recent experiments at the LAMPF
800 MeV proton linac have shown
that pion-nucleus scattering pro-
vides a powerful new tool for inves-
tigating the structure of nuclear
states. The strong isospin and spin

dependence of the elementary pion-
nucleon interaction can be exploited
to unravel the neutron and proton
parts of the reaction mechanism as
well as the spin structure of nuclear
excitations. It appears that no other
nuclear probe is as effective as the
pion for such studies. Such large dif-
ferences exist in the spectra of the
inelastic scattering of positive and
negative pions on carbon 14 that
when comparing the two spectra,
measured under identical conditions,
one physicist remarked, ‘it hardly
seems like the same nucleus.’

The measurements were made
possible by the pion beams of high
intensity, high resolutionsand varia-
ble energy provided by EPICS (Ener-
gy Pion Channel and Spectrome-
ter).

The usefulness of pion beams is
due to the 1232 MeV nucleon reso-
nance with spin and isospin quantum
numbers 3/2, 3/2. Between 100
and 300 MeV the pion-nucleon inter-
action is dominated by this reso-
nance. Consequently, the cross-sec-
tion for elastic positive pion-nucleon
scattering is about nine times larger
than that for negative pions. Con-
versely, the elastic cross-section for
negative pions on neutrons is nine
times larger than that for positive
pions. If the free pion-nucleon inter-
action is not altered significantly by
the presence of the other nucleons in
a pion-nucleus collision (an assump-
tion called ‘the impulse approxima-
tion’), then these large ratios should
also be observable in scattering off
nucleons in a nucleus. This should be
true for transitions involving only
neutrons or only protons. On the oth-
er hand, if roughly equal numbers of
neutrons and protons are involved,
then the positive to negative pion
ratio would be closer to one.

Nuclear physicists seeking confir-
mation of these ideas were delighted
by the discovery of a pure neutron
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The high resolution pion spectrometer EPICS
used for nuclear physics studies at Los
Alamos. Recent experiments have provided
interesting new results in pion-nucleon
scattering.

(Photo Los Alamos)

excitation in carbon 13. A state at
9.50 MeV was found strongly ex-
cited in negative pion scattering but
only weakly excited with positive
pions. The measured positive to ne-
gative pion cross-section ratio, R, is
approximately 1/9, strongly sug-
gesting that the transition is due
solely to a change in the neutron con-
figuration. This is confirmed by the
measured angular and energy depen-
dence of the cross-section. With the
theoretical analysis, there is a con-
vincing case for identifying this 9.50
MeV transition as an orbit jump by a
neutron.

Shortly after the carbon 13 results
were obtained, the inelastic scatter-
ing was measured for radioactive
carbon 14. It came as a great sur-
prise that several specific states had
ratios R significantly larger than 9.
An explanation was suggested by
the physicists from the University of
Minnesota, Los Alamos National
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Laboratory, the University of Texas,
and New Mexico State University,
who performed the experiment.
The observed behaviour indicates
that the neutron structure has some-
thing special. The carbon 14 ground
state contains a small component
(10 to 20 per cent) in which two of
the neutrons are in a higher shell than
expected. With negative pion
beams, the role of this small neutron
configuration is enhanced relative to
the larger proton configurations be-
cause of the strong coupling of nega-
tive pions to neutrons. For one state,
the neutron and proton components
of the transition amplitude interfere
constructively, giving a ratio R close
to one. However for another state
with similar quantum numbers they
appear amost to cancel, giving avery
small negative pion cross-section.
The marked behaviour provides a
stringent test for our understanding
of neutron and proton transition am-

plitudes in nuclei and for the behav-
iour of the pion-nucleon interactionin
nuclei.

The pion itself has no spin. How-
ever when it scatters off a nucleon it
can change the nucleon spin. At the
energies where the 1232 MeV nu-
cleon resonance dominates, the be-
haviour of the®reaction mechanism
with scattering angle is known. For a
target nucleus whose ground state
has angular momentum zero, the
transition to a state in which the total
angular momentum is not equal to
the orbital angular momentum will
require such a transfer of spin. Such
‘unnatural parity transitions’ are
readily distinguishable from natural
parity transition by the observed de-
pendence on scattering angle.

This type of measurement pro-
vides a powerful new way to probe
the spin dependence of nuclear
transitions.

FRASCATI
ALFA 3 project

The multipurpose ALFA 3 project
has three main scientific aims — in-
termediate energy nuclear physics
using intense continuous electron
and photon beams, synchrotron
radiation experiments with hard X-
rays, and neutron spectroscopy us-
ing an intense neutron source.

ALFA is short for ‘Allungatore Li-
nac Frascati con ADONE’ meaning
‘stretcher ring for the Frascati linac
using ADONE’. In fact the first idea,
put forward some years ago, was to
obtain a high duty factor for coinci-
dence experiments with electromag-
netic probes, using the ADONE ring
as a stretcher ring to convert the
pulsed beam from the 350 MeV con-
ventional Frascati linac in a contin-
uous one.

Subsequently, because of the ob-
vious limitations due to the fixed
structure of ADONE, and in order to
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Sketch of the proposed ALFA 3 project at
Frascati, which foresees a 1100 MeV
electron linear accelerator feeding a

460 m circumference stretcher/storage
ring. As well as acting as injector for the
ring, the linac could also be used as a
neutron source and for nuclear physics
experiments.

)
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optimize both physics (in particular

as far as energy was concerned) and

machine requirements, a completely
new electron machine was pro-
posed, with a 1.1 GeV electron linac
and a long (460 m circumference)
stretcher ring. (The suffix 3 after
ALFA indicates the three scientific
fields covered by the new facility,
rather than the number of revisions
of the proposal.)

The dimensions of the ring and a
linac energy spectrum compression
system mean thatr.f. cavities are not
required. However by inserting anr.f.
system and by using a suitable num-
ber of magnetic elements of the lat-
tice, the stretcher can be utilized as
an ordinary storage ring providing an
energy of 3.5 GeV, and able to create
synchrotron radiation, and mono-
chromatic and polarized gamma rays
by backward Compton scattering of
laser light, while also carrying out
internal target experiments. In partic-
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ular, the synchrotron radiation facili-
ty has the so-called All Wiggler Ma-
chine (AWM) configuration, with up
to 40 light ports from normal and
superconducting wigglers installed
in the straight sections of the ma-
chine.

A neutron source, obtained by the
high power electron beam from alow
energy (100 MeV) linac output is also
planned. A second neutron source,
at the high energy end of the linac,
enriched in fast neutrons for studies
of radiation damage, could also be
envisaged.

Finally, it is always possible to use
the pulsed beam of the linac —
which has an optimum energy
spread after the compression sys-
tem — for conventional single arm
experiments in future nuclear phy-
sics experiments.

These various advantages and the
flexibility to handle different areas of
research are seen as the main bene-

fits of using the linac stretcher
method to obtain a continuous elec-
tron beam.

TRIUMF
Kaon factory
physics

The second TRIUMF Kaon Factory
Physics Workshop was held on
10—14 August, 1981. About a
hundred physicists participated in
the meeting, which consisted of fif-
teen invited talks and four afternoon
workshop sessions, and proved to
be a stimulating and productive
event.

The discussions centred on iden-
tifying the most important physics
that could be studied with a machine
providing an increase in intensity of
two orders of magnitude in primary
proton beam over present accelera-
torsin the energy range 8 to 20 GeV,
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and on establishing some prelimina-
ry guidelines on the desirable proper-
ties of secondary beams at such a
machine.

Overall it appeared that a very
good case could be made for building
at least one kaon/neutrino factory
somewhere in the world. About ten
experimental set-ups could be iden-
tified, each of which would make
possible several years of important
experiments needing the extra beam
intensity or purity which such a ma-
chine could provide. The main re-
search topics would be charge-parity
violation, rare kaon and hyperon de-
cays, baryon spectroscopy, kaon-
nucleus interactions and hypernu-
clei.

The most obvious area of study is
CP violation. The kaon system is still
the only one in which this phenome-
non is observed and, in spite of re-
cent progress in constructing gauge
theories of fundamental interactions,
it has not yet been satisfactorily ex-
plained. More precise measure-
ments of CP violating parameters
could help clarify the origin of CP vio-
lation, test ideas of grand unification,
compare alternative extended elec-
troweak models and study gluon
corrections in QCD.

The study of rare kaon decays
would also be greatly aided by higher
intensity beams. Rare decays can be
divided into two categories. First
those which involve transition be-
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tween particle families and thus
probe physics at mass scales not
directly accessible with accelerators.
An example is the decay of the long-
lived kaon into a muon and an elec-
tron which provides a crucial test of
technicolour schemes. Second are
those which are allowed as higher
order electroweak interactions, such
as kaon decays into a pion, electron
and positron. Improved measure-
ment of these processes would help
reinforce the standard model or dis-
cover deviations from it.

Neutrino physics was also dis-
cussed. For experimental reasons, a
useful neutrino beam would require
the addition of a proton storage ring.
With a primary beam in the 10 GeV
range, a useful neutrino beam of a
few hundred MeV, not available at
present, could be obtained. Impor-
tant experiments with such a facility
include a precise determination of
the Weinberg angle through neutrino
scattering and measurements on
neutrino oscillations and masses.

The baryon spectrum up to 2 GeV
is not that well known. Better
measurements of both masses and
branching ratios would enable a
more stringent comparison to be
made with promising new predic-
tions. Polarization measurements in
kaon scattering are particularly im-
portant.

Because of the weak positive
kaon-nucleon interaction, scattering

on nuclei should be free of the dis-
torting effects that confuse nucleon
and most pion scattering experi-
ments. Positive kaons may therefore
prove to be as useful a nuclear probe
as very low energy pions but over a
broader energy range and with short-
er wavelengths.

Improvemertts in negative kaon
beam intensity and purity will make
possible systematic measurements
on hypernuclei and their excited
states — perhaps allowing the study
of gamma rays in coincidence — in
the same way that is taken for
granted for ordinary nuclei. A sys-
tematic study of different types of
hypernuclei — from the deuteron up
— will provide crucial information on
both the hypernuclear interaction
and on many-body effects.

Left to right, Bob Adair, Reg Richardson
and Eugene Pauli consider the possibilities
for kaon factories.

(Photo TRIUMF)
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New possibilities with
nucleus-nucleus collisions

by W. Willis

Quarks and gluons exist; they are
nearly massless, butitis very hard or
even impossible to knock them out
of the proton. It is now widely be-
lieved that this strange state of af-
fairs is due to the properties of the
physical vacuum state as it now ex-
ists in our part of the Universe. In this
view, the ground state of the vacuum
is not that familiar from quantum el-
ectrodynamics (QED). That state is
basically empty space, perturbed by
fluctuations which occasionally give
rise to a virtual electron-positron
pair. In the quantum chromodynamic
(QCD) theory of quarks and gluons,
the stronger and more complicated
forces give rise to a state which can-
not be described as a perturbation on
empty space. Instead, the physical
vacuum has properties which resem-
ble those of a physical medium. For
example, the colour field is com-
pletely excluded, or at least strongly
repelled, from a definite macro-
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The Bevatron at Berkeley, now part of the
Bevalac and scene of experiments with
high energy heavy ion beams. However
these energies of several GeV per nucleon
may be insufficient to reveal important
phenomena in nucleus-nucleus collisions.

(Photo LBL)

scopic volume of physical vacuum.
This effect confines the quarks
and gluons, which carry colour, in-
side the hadrons. On the scale of
hadrons, quantum fluctuations make
the phenomena more complex, but a
simple picture postulates that the
strong colour fields inside the hadron
create a local volume of space which
behaves more like the perturbative
vacuum state, reverting to the physi-
cal vacuum state outside. This con-
cept has been quantitatively ex-
pressed by the bag model, with
some success.

This physical vacuum is also sup-
posed to explain the origin of broken
symmetries. An analogy is a perfect-
ly symmetric sphere of iron. Above
the Curie temperature the state has
spherical symmetry. At low temper-
ature, the ground state will be mag-
netized, with the magnetic field
pointing in an arbitrary direction de-
termined by quantum fluctuations.

The symmetry of the state has been
broken, without any arbitrary direc-
tion entering in the laws of nature. By
a quite similar mechanism, the pa-
rameters of the physical vacuum
could determine the seemingly arbi-
trary breaking of symmetries in par-
ticle physics, though the fundamen-
tal laws remain symmetrical.

It seems that the physical vacuum
has acquired properties reminiscent
of Maxwell’s ether. At least, so we
are asked to believe. Maxwell intro-
duced his ether for plausible reasons,
but crucial experimental tests were
found, and the theory was found
wanting. Experiments could test the
idea that the physical vacuum is not
identical to the perturbative one.

Our vacuum state has no conse-
quences for the testing of special
relativity and probably none for (ma-
croscopic) general relativity. Fortu-
nately, another classical experiment
on the vacuum is predicted to show
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striking results. The effect is due to
the predicted instability of the physi-
cal vacuum state in the presence of
high energy density or matter densi-
ty. Under these conditions, the lower
energy state is that based on the per-
turbative vacuum: empty space with
real and virtual quarks and gluons
traversing it, without colour confine-
ment. This change to a qualitative
different state is in fact expected to
occur, under suitable conditions, as a
sharp phase transition. The origin in
this transition is that the physical
vacuum state is supposed to arise
from ordered virtual constituents
which are disrupted by thermal agita-
tions, or the colour fields of dense
matter. The analogy of the iron
sphere is again valid: the sponta-
neous symmetry breaking of the
physical vacuum is a low-tempera-
ture phenomenon. The ‘Curie tem-
perature’ of the vacuum is of the ord-
er of the QCD scale parameter.

An idealized experiment

Planck showed how far-reaching
conclusions can be arrived at by
analysing a volume of vacuum sur-
rounded by walls in thermal equili-
brium with the radiation in the inter-
ior. Let us follow him, adding equip-
ment which will measure gluons as
well as photons. Imagine a large box
with thick walls at a certain temper-
ature. The radiation emitted through
a small aperture is measured. Alter-
natively, if we want to be sure of
what happens in the middle of the
box, a high energy proton beam is
sent through the aperture, and
Compton scattering of photons and
gluons is measured.

Atlow temperature, we will detect
photons filling the box with the
Planck distribution, but no gluons.
Why not, since massless thermal
gluons should be emitted by the
walls? The answer is supposed to be
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Bill Willis — proposing new ways to measure
the properties of the vacuum.

that the physical vacuum filling the
box forces a thermal gluon back into
the wall. .

As the temperature of the wall is
raised, there are more — and more
energetic — thermal gluons emitted.
They penetrate slightly further into
the vacuum. Finally, the temperature
approaches where the ordered
structure of the virtual particles in the
physical vacuum is so much dis-
rupted that the perturbative vacuum
state is energetically preferred. Very
near this temperature, large-scale
fluctuation appears in the vacuum,
with a mixture of colour-confining
and unconfining regions. The phe-
nomenon of critical opalescence will
render the box opaque to the high
energy protons at that point.

Above the transition temperature,
we will find freely propagating
gluons and quarks filling the box. The
situation at the small aperture is
more complex, since it is a boundary

with the physical vacuum in the

world outside. Only constituent

combinations which are colourless
can make it to the outside world.

Suppose the walls are heated
further so that the constituents enter
the regime of asymptotic freedom
and their interactions are decreasing
as they are heated. It seems there is
no limit to the temperature. The ‘lim-
iting temperature’ observed in ha-
dronic interactions must be a con-
finement effect, and indeed the Ha-
gedorn temperature of 160 MeV is
close to that estimated for the critical
temperature.

The elements of this analysis
which must be transferred to a real
experiment are the following:

— The size of the box. The scale is
given by the QCD scale parame-
ter, about half a fermi. The box
must be larger than that. Evident-
ly, the proton is not large
enough.
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— The temperature. One should be
able to sweep through the region
100—400 MeV, or thereabouts.

— A sufficient degree of thermal
equilibrium must be established.

— The probes must be able to exam-
ine the interior of the 'box’ —
affording measurements of suffi-
cient subtlety to distinguish the
conditions above and below the
transition, and the critical phe-
nomema.

Real experiments

First, some possible approaches
along conventional experimental
lines. Consider, first, proton-proton
collisions. We know that the distri-
butions of the particles in the ‘beam
jets’ as well as in high transverse
momentum jets closely resemble
those in the jets from high energy
electron-positron annihilations. The
latter reflect the characteristics of
the fragmentation of single quarks. It
follows that ordinary proton-proton
collisions show no signs of the
presence of many constituents,
spread over a volume and in some
sort of equilibrium — the conditions
we wish to produce. It is possible
that some rare events are somewhat
more suitable for our purpose, but it
does not seem likely that they will go
far enough towards satisfying the
first three conditions above.

We can think of using protons inci-
dent on a nuclear target. Here again
we can profit by a considerable body
of knowledge from recent experi-
ments. For example, if we consider
the system in which the proton is at
rest, and consider the proton frag-
mentation products after it has been
struck by the incident nucleus, we
know that they are not very different
from those after the proton has been
struck by another proton. Consider,
instead, the nucleus to be at rest.
The proton passes through, making
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several collisions. The fast forward
products do not fragment until they
have left the nucleus (see the pre-
vious remark). The slower particles
are emitted at larger angles, and do
fragment inside the nucleus. Their
fate is a hard one, however. These
fragmenting particles have energies
of afew GeV orless, and they enter a
volume of cold nuclear matter where
they are outnumbered by ‘station-
ary’ nucleons at the odds of typically
ten to one. They create feeble cas-
cades, where the creation of a few
pions is partially counterbalanced by
pion absorption. No wonder that the
observed increase in pion multiplici-
ty, in comparison with proton-pro-
ton collisions, is only between two
and three in the heaviest nuclei.
There is no possibility of heating a
large volume to an interesting tem-
perature. Instead, the energy pro-
vided is dissipated in a large mass of
cold nuclear matter.

We come rather naturally to con-
sider nucleus-nucleus collisions at
high energy. First we note that accel-
erators, linear or circular, act upon
the charge. A fully stripped heavy ion
has charge Z times that of a proton,
and A times the mass, with A rough-
ly twice Z. The total energy of a
nucleus produced by the accelerator
is thus about Z/2 times that of a
proton from the same accelerator.
Even for a medium size nucleus, say
argon, this is a big factor. Given that
we needed to heat a large volume,
the fact that the energy is distributed
over a number of particles is not a
disadvantage. Quite the contrary,
since this energy can be deposited in
the target with reasonable efficiency,
which is of course not the case when
trying to heat a nuclear volume with
one very high energy proton.

Some idea of the character of
these collisions can be gained by
considering the number of pions pro-
duced. In proton-proton collisions at

the energy of the CERN Intersecting
Storage Rings, about 20 pions are
produced. In central collisions of nu-
clei, essentially all the nucleons inter-
act. Cascading is not very important,
so one might expect that pion multi-
plicities are roughly linear in A, con-
sistent with cosmic ray results. Colli-
sions of heazly nuclei at very high
energies should give thousands of
pions.

Naively, we could suppose that
these pions are created in the volume
of the two nuclei before the system
has had time to disassemble. Note,
however, that if each pion is sup-
posed to occupy the volume attri-
buted to it in the bag model, there is
not room for that many pions. We
may suppose that the matter is rath-
er in the form of quarks and gluons,
forming pions as the density falls to
the appropriate value. Here, howev-
er, we make contact with the con-
siderations on the role of the physical
vacuum.

We know that the nucleus is made
of nucleons, not a big bag of quarks.
In fact, most of the volume inside a
nucleus is occupied by the vacuum
— not by the nucleon bags. In the
collisions just described, it seems
very likely that the conditions are
created where that physical vac-
uum is unstable, and at each point
there is a transition to a perturbative
vacuum filled with quarks and
gluons. We then indeed have a big
bag. The surface presumably emits
pions as long as the temperature is
high enough. In suggestive language,
‘the surface boils pions at the Hage-
dorn temperature’. .

We can begin the discussion by
noting that most of the common ob-
servables are not very useful. Most
hadrons will have at last scattered
near the surface of the interaction
volume, largely erasing the informa-
tion about their previous history. Itis
not sensible to go to such trouble to
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provide a good surface-to-volume
ratio, and then selectively to observe
the surface. Weakly interacting
probes are called for. Most of our
considerations must then deal with
photons, or virtual photons ob-
served as lepton pairs.

The emitted photons and leptons,
for example, could be used in an
attempt to observe the phase transi-
tion. The energy of the nuclei is var-
ied, and the temperature indicated by
the transverse momentum and mass
distribution is determined. The rate
of photon emission is then deter-
mined as a function of temperature.
As the transition temperature is
passed, the character of the particles
producing the radiation changes, and
one would expect a change in the
number of the photons produced, or
in the slope of the photon production
versus temperature.

It may be too naive to suppose that
spectral measurements will show

Workshop

A Workshop on Quark Matter
Formation and Heavy lon Colli-
sions is being held from 10-14
May at the University of Biele-
feld, Federal Republic of Ger-
many. Its aim is to study both
theoretical aspects of the for-
mation of a quark-gluon plas-
ma in heavy ion collisions and
the experimental problems ar-
ising in its detection. The meet-
ing will consist of a four-day
session for about 80 partici-
pants, followed by a general
session on 14 May open to
anyone interested. For further
information, contact H. Satz,
Department of Physics, Univer-
sity of Bielefeld, D-48 Bielefeld,
Federal Republic of Germany.
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such a subtle effect as the disap-
pearance of bag boundaries. Correla-
tion measurements may be required,
such as searches for changes in the
small mass lepton pair spectra, or in
the identical particle interference
measurements.

Since we have only rough esti-
mates of the transition temperature,
only rather crude notions of ‘temper-
ature’ in collisions, and as yet no
direct data relevant to the tempera-
ture inside nuclear collisions, we can-
not say anything precise about the
energies necessary to produce tem-
peratures above the critical tempera-
ture. It seems clear that the energies
investigated at Berkeley and Dubna,
a few GeV per nucleon, are not suffi-
cient and the further investigation of
these phenomena must await the
availability of much higher energy nu-
clear collisions.

People
and things

LEP authorization

The project to build a large elec-
tron-positron storage ring, LEP, at
CERN already had the backing of
the twelve CERN Member States
(see December 1981 issue, page
439), but threg votes remained
subject to conditions. At a CERN
Council meeting in December this
‘ad referendum’ was lifted by the
Netherlands, Norway and Sweden.
The LEP project thus has the un-
conditional support of all Member
States.

Meanwhile the LEP project team
has continued to work on the op-
timization of the designs for the
machine components and of the
location of the underground LEP
ring itself. A new location is to be
proposed to the Host States
(France and Switzerland) which
reduces the length of ring under
the Jura mountains. It is also plan-
ned to tilt the plane of the ring.
More information soon.

Also at its December session,
the CERN Council elected Sir Alec
Merrison as its President, in suc-
cession to Jean Teillac. V. Telegdi
and K. O. Nielsen were re-elected
as Chairmen of the Scientific Policy
Committee and Finance Committee
respectively. K. Tittel was ap-
pointed a new member of the SPC.

At CERN, Roy Billinge was ap-
pointed as Leader of Proton Syn-
chrotron Division and Maurice Ja-
cob as prospective Leader of The-
ory Division. Tributes were paid
to Gordon Munday (Proton Synch-
rotron), Constant Tiéche (Finance),
and Gunther Ullmann (Personnel)
for their exceptional contributions
to the work of CERN during their
many years as Division Leaders.

Warm tributes were paid to Jean Teillac
at the December session of CERN Council.
Professor Teillac had served as President
of Council for almost four years.
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On People

Ettore Fiorini of the University of
Milan has been awarded the Feltri-
nelli Prize for Physics by the Aca-
demia Nazionale dei Lincei. The
award was in recognition of his
experimental work in particle phy-
sics, much of which has been car-
ried out at CERN. He was the lead-
er of the Milan group in the Garga-
melle collaboration during the
series of neutrino experiments
which included the discovery of
weak neutral currents. Using count-
ers, he obtained important results
on parity violation in nuclei and, in
a series of experiments carried out
deep underground, on double beta
decay. Ettore Fiorini is spokesman
for the new experiment on nucleon
decay being mounted in the Mont
Blanc Tunnel by a CERN/Frascati/
Milano/Torino collaboration (see
page 7).

70th birthday of Willibald
Jentschke

Over 200 pupils, ex-collaborators
and friends of Willibald Jentschke
met at DESY on 8 December to
celebrate his 70th birthday. Two
scientific lectures, organized by
the University of Hamburg and
DESY were held in the afternoon.
First speaker was Dieter Haidlt,
talking on neutral currents in weak
interactions. He covered the dis-
covery of neutral currents made
at CERN during Jentschke’s direc-
torship and Jentschke's participa-
tion in the SLAC polarization ex-

At an event held at DESY to mark his 70th
birthday, Willibald Jentschke (left)

chats with CERN Director General and
former DESY Director Herwig Schopper
(centre) and present DESY Director Volker
Soergel (right).

(Photo DESY)
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periment which measured parity
violation due to neutral currents.
Second speaker was Erwin Boden-
stedt, Jentschke's first assistant
in Hamburg, who spoke on nuclear
magnetic moments, a subject well

"known to Jentschke due to his

early nuclear physics activities in
Austria before 1945.

Afterwards, at a dinner at DESY,
the Dean of the Physics Faculty of
the University of Hamburg, Peter

A symposium was held at the
Massachusetts Institute of Technology on
16 October to mark the 60th birthday of
Francis Low (centre), seen here with Val
Fitch (left) and Marvin Goldberger.

(Photo M.I.T.)

Staehelin, told some nice stories
about the start of DESY. Hans-Otto
Wiister, well known at CERN and
now leader of the European JET
project in England, and also a col-
league of Jentschke during early
years of the DESY Synchrotron,
amused the guests with Jentschke
anecdotes. Original manuscripts,
about 25 years old, were shown
(as transparencies) by Gerhard
Soehngen, one of Jentschke's clo-
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sest collaborators at DESY.

Herwig Schopper presented
Jentschke with one of the win-
dows used to illuminate the Gar-
gamelle bubble chamber, as a gift
from CERN.

Christian Méller

The 14 January marked the second
anniversary of the death of Danish
theoretician Christian Moller. After
studying under Niels Bohr, he went
on to investigate the theory of the
interaction between two relativistic
electrons, well before the present-
ly-accepted methods of quantum
electrodynamics had been esta-
blished. The outcome of this work
was the formula for the scattering
process which bears his name.
Subsequently he played an import-
ant role in the development of both
nuclear theory and quantum elec-
trodynamics. Above all, he de-
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voted himself to general relativity,
where he tried to find a formalism
free of singularities. His book on
general relativity has been trans-
lated into many languages and is
one of the standard works of mod-
ern physical theory. At various
times he served as Director of Nor-
dita, as a member of CERN’s Scien-
tific Policy Committee and as Se-
cretary of the Royal Danish Scien-
tific Society.

Conferences

The fifth International Symposium
on High Energy Spin Physics will
be held at Brookhaven National
Laboratory from 16-22 September.
As well as covering spin experi-
ment and theory, this meeting will
also cover techniques for polarized
beams and targets. Further infor-
mation from the Symposium Secre-
tary, Mrs. A. Bell, Bldg 911B,
Brookhaven National Laboratory,
Upton, New York 11973, USA.

The traditional SLAC Summer Insti-
tute on Particle Physics will be held
this year from 16-27 August.
Further information from Anne
Mosher, Bin 62, SLAC, PO Box
4349, Stanford, California 94305,
USA.

An Advanced Study Institute on
Techniques and Concepts of High
Energy Physics will be held July
1-12 in Lake George, NY (the Adi-
rondack Mountains of New York
State). This is the second in the
series of Institutes started at St.
Croix in 1980. It is sponsored by

- NATO Advanced Study Institutes

Program, United States Department
of Energy, National Science Foun-
dation, Fermi National Accelerator
Laboratory, and the University of

Christian Méller

Rochester. The anticipated main
program of lectures is: C. Baltay,
Columbia University — Neutrino
Interactions,; J.D. Bjorken, Fermilab
— Accelerators and Storage Rings;
N. Cabibbo, University of Rome —
Particle Physics in the 1980s; F.
James, CERN — Probability, Statis-
tics and Assoeiated Computational
Techniques, C. Llewellyn Smith,
Oxford University — Grand Unified
Theories, F. Sauli, CERN — New
Developments in Track Chambers;
P. Soding, DESY — e*e™ Interac-
tions.

Anyone interested in attending
should apply as soon as possible
and request a reference letter from
a senior colleague to be mailed to:
T. Ferbel, Fermilab, Mail Station
888, P.O. Box 500, Batavia, lllinois
60510.

Deadline for applications is
March 15.

The Seventh International Confer-
ence on Experimental Meson Spec-
troscopy will be held at Brookhav-
en National Laboratory, 14-16 April
1983. The conference will cover
experimental results in light and
heavy quark spectroscopy, relevant
theory and spectrometer systems.
Contact S.-U. Chung and S.J. Lin-
denbaum, Co-Chairmen, Organizing
Committee, Brookhaven National
Laboratory, Upton, New York,
11973.

International Commission on
Particles and Fields

New members of the IUPAP Inter-
national Commission on Particles

-and Fields have been elected. The

members of the commission are
as follows:
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Chairman:

L.D. Solovoyev

Institute for High Energy Physics
Protvino

142 284 Serpukhov

(Moscow region)

USSR

Telephone 289 27-32

Telex 412 657 IPHE SU

Secretary:

Y. Yamaguchi
Department of Physics
Faculty of Science
University of Tokyo
7-3-1 Hongo, Bunkyo-ku
Tokyo 113

Japan

Telephone 038122111
(Ext 4134)

Telex UTPHYSIC J23472

Members:

M. Blazek

Institute of Physics
Czechoslovak Academy of
Sciences

Dubravska cesta

899 30 Bratislava
Czechoslovakia

M.L. Goldberger

California Institute of Technology
Pasadena

California 91125

USA

P. Lehmann

Centre d’études nucléaires
DPh/PE - Direction

91191 Gif-sur-Yvette Cedex
France

E. Lohrmann

Deutsches Elektronen Synchrotron
Notkestrasse 85

D-2000 Hamburg 52

Federal Republic of Germany
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P.K. Malhotra

Tata Institute of Fundamental
Research

TIFR

Homi Bhabha Road

Bombay 400 005

India

I. Mannelli
Istituto di Fisica
Universita di Pisa
Piazza Terricelli 2
56100 Pisa

Italy

V.A. Matveev

Institute for Nuclear Research
USSR Academy of Sciences
60th Anniversary Prospekt 7A
Moscow 117 312

USSR

K. Strauch

Physics Department
Harvard University
Cambridge

Mass. 02138,

USA

L. Van Hove

CERN

CH-1211 Geneve 23
Switzerland

G. Von Dardel

Institute of Physics
Particle Physics Division
Solvegatan 14

S$-223 62 Lund
Sweden

ICFA meeting

The International Committee for
Future Accelerators (ICFA) held its
sixth meeting at Protvino, USSR,
on the occasion of the ICFA Work-
shop on very high field (10 Tesla)
superconducting magnets. In two
previous Workshops organized by
ICFA the possibilities and limita-
tions of very high energy machines
were examined, the problems that
their design and construction
would present were identified and

One way of illustrating spin — a detail from
the poster advertising the forthcoming
International Symposium on High Energy
Spin Physics.

solutions to these problems were
put forward.

Amongst the subjects discussed
at the ICFA meeting at Protvino
was the problem of developing
the new technologies needed by
future accelerators and colliders
and of encouraging new ideas
which might enable higher energy
machines to be built at less cost
per GeV. At the present time, all
the big Laboratories are hard
pressed to operate their existing
machines and to build the new
ones — Tevatron, ISABELLE, UNK
and LEP — and there is very little
effort and money now available to
study the problems of future ma-
chines. In an attempt to use what-
ever effort that can be made avail-
able by the big Laboratories in the
most efficient way and to encou-
rage small laboratory and university
groups to be interested in these
problems, ICFA recommended that
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Due to circumstances beyond our
control, the photographs used in the
advertisements for A. PASTA (Pirelli
Group) and CEAT CAVI which ap-
peared on page 464 of our December
1981 issue were transposed.

international teams are established
to initiate and guide studies during
the coming years.

Although it is not yet possible
to be sure what kinds of machines
or what energies will be required
by the research towards the end
of this century, it seems clear that
machines of higher energy than
those now being built will require
the development of new techni-
ques and that this kind of work
takes a very long time. In order to
‘provide a focus for the work of
the teams, ICFA recommended
that the two types of machines
studied in the previous ICFA Work-
shops — a proton accelerator for
20 TeV energy which could also
be used as a collider, and an elec-
tron-positron collider of more than
300 GeV per beam — should be
used as the starting point for the
work of the teams since they pre-

-sent the kind of design and tech-
nical problems typical of future
machines and they can be used to
assess the feasibility of new ideas
for reaching higher energies.

Realizing that it will take many
years to develop new machine
designs and new technologies,
and to encourage and develop new
accelerator ideas, ICFA recom-
mended that the teams should
remain together for long periods
of time even though their members
may only be able to spend a frac-
tion of their time on these studies.
In this way ICFA hopes that the
designs and the technological basis
for future machines will be avail-
able when they are needed.

These recommendations have
been sent to the world’s major
high energy Laboratories for their
comments and Sir John Adams
(CERN) has been asked to coordi-
nate the activities of the inter-
national teams.
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Production and subsequent decay of
charmed D° and D° mesons as recorded
in small bubble chambers at CERN. Top
left is an event from the LEBC chamber
with a schematic alongside. Below is an
event from the BIBC chamber. These and
other measurements are helping to pin
down the lifetime(s?) of these particles.

1cm
' i
4
= K
REEEEERR Ry :‘M%ﬁ:;
D S”:f

CERN Courier, January/February 1982



High Energy
Experimental Physics

Two positions in high energy experimental physics are availa-
ble at DESY. The positions offer the opportunity to participate
in experiments at the electron-positron storage ring PETRA.

The first position will be permanent. Salary: BAT | b.

Candidates should have several years of experience in experi-
mental high energy physics with an outstanding record in
research. They should be able to take part in shaping the
research program of the laboratory.

The second position will be limited to a duration of three
years. Salary: BAT Il a /I b.

Candidates should have a degree in physics, preferably have
some experience in experimental high energy physics and be
under 30 years of age.

Please apply as soon as possible to

Professor Erich Lohrmann

Deutsches Elektronen-Synchrotron DESY
Notkestrasse 85, D - 2000 Hamburg 52
Federal Republic of Germany

TRIUMF

(A research facility located on the UBC campus)

ACCELERATOR PHYSICIST

The TRIUMF Cyclotron Division requires an experienced accel-
erator physicist to participate in the development effort
toward an improved machine performance and new beam
capabilities.

The work will be mainly experimental and will include items
such as RF cavities, electrostatic and magnetic fields, ion
optics, electromagnetic focussing devices, beam diagnostics,
ion sources, vacuum equipment and precise mechanical struc-
tures.

Candidates should have a degree (preferably M.Sc. or Ph.D.) in
Physics or Engineering Physics, or equivalent. Previous exper-
ience with accelerators is preferred but junior candidates
with good academic records and a strong interest in accelera-
tor physics are encouraged to apply. Salary will depend upon
qualifications and experience.

Please reply in writing, outlining qualifications and experience
to:

TRIUMF Personnel (Competition No. 305)
3004 Wesbrook Mall

University of British Columbia
Vancouver, B.C. V6T 2A3

Canada

Applicants should reply as soon as possible but not later than
February 28, 1982.

TRIUMF offers equal employment opportunities to qualified
male and female applicants. Among candidates meeting all of
the above qualifications preference will be given to Canadian
citizens or landed immigrants.
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Value for money with

NE4696ABCD
HV SUPPLY

* Four independent HV
Supplies in a single width
module.

* Choice of voltage range
and polarity.

* Up to 8000 V at 500 pA
or 2500 V at .6 mA.

* User selected voltage
limit and current overload
trip levels.

* Remote indication of all
four output voltages and
currents.

* Remote output voltage
shut-off and adjustment.

* Calibrated 10-turn
voltage setting controls.

* Local and remote
current overload indication
and overload trip reset.

* Rate limited output
voltage rise and fall.

* Short-circuit proof
outputs.

Request Bulletin No.541

NUCLEAR
ENTERPRISES LTD

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

Nuclear Enterprises Gmbh. Bodenseestr 113

8 Muenchen 60 Tel:8347037

N.E.Nuclear Enterprises

25,Chemin Frangois-Lehmann,1218 Grand Sacconnex,
Geneve. Tel: (022)98-16-61 62 Telex 289066
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Gauge Theories in
Particle Physics

A Practical Introduction

I J R Aitchison and A J G Hey

A new, intuitive approach to the ideas and
methods of gauge field theories in elementary
particle physics, presenting these recent
fundamental developments at a level which is
accessible to new graduate students,
experimental workers and others without a
theoretical background in the subject. By
dispensing with the formalism of quantum field
theory, the authors have concentrated on
providing an essentially practical treatment,
intended to develop an adequate conceptual and
quantitative understanding of the theories being
tested by contemporary experiments. The text
introduces the use of Feynman graphs
appropriate to gauge theories and includes many
detailed examples to demonstrate the associated
calculational techniques.

January 1982 341 pages illus
flexicover ISBN 0-85274-534-6 £14.50

Parallel Computers
Architecture, Programming and Algorithms

R W Hockney and C R Jesshope

A comprehensive introduction to supercomputers,
useful to both programmers and researchers in
disciplines requiring very extensive computational
capacity.

January 1982 416 pages illus
hardcover [ISBN 0-85274-422-6 £22.50

A European Experiment

Denis Willson

A perceptive account of the politics of international
scientific collaboration and their adverse effect on the
JET fusion energy experiment within the European
Community.

1981 178 pages illus
hardcover ISBN 0-85274-543-5 £10.50
flexicover ISBN 0-85274-549-4 £.95

/!

dam
H lge
Distributed in the USA, Canada, Central and South

America by Heyden & Son Inc., 247 South 41st Street,
Philadelphia, PA 19104, USA

Adam Hilger Ltd

Techno House, Redcliffe Way,
Bristol BS1 6NX, England

RESEARCH DEWARS

For LN2 and LHe
Rugged and Economical
Custom Modifications Available

® Model ND-1/HD-1 — 0.5 liter capacity, 3 inch
cold plate, vapor cooled radiation shield — Hold
times of 30 hours at 77°K and 12 hours at
4.2°K. $1295.00
® Model ND-2/HD-2 - 1.2 liter capacity, 5 inch
cold plate, vapor cooled radiation shield — Hold
times of 72 hours at 77°K and 24 hours at
4.2°K. Easily pumped to lower temperatu-
res. $1995.00
® Model HD-3 — 1.2 liter capacity, 5 inch cold
plate, LN2 cooled radiation shield — Hold time
of 120 hours at 4.2°K. Easily pumped to
1.4°K. $2295.00
® Model HD-3(8) — 2.8 liter capacity, 8 inch cold
plate, LN2 cooled radiation shield — Hold time
of 120 hours at 4.2°K. Easily pumped to
1.4°K. $3295.00
® |nfrared Detectors:
a) Germanium bolometers
b) Ge:Ga photodetectors for 50-120.microns
c) InSb Systems for 1-5 microns
® Far Infrared Filters

INFRARED LABORATORIES, INC.
1808 E. 17th St.

Tucson, Arizona 85719

Phone: (602) 622-7074

TLX 364412 INTR
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Our 21 sets of

regulated power supplies
work on a 24 hours basis
to supply most of the parts
of the cyclotron of
Louvain-la-neuve.

100W to 500kW:to #1.107°
some since1975.

tel (02)5204576
rue doct De Meersman, 37, B1070 Bruxelles
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LARGE

CALORIMETERS?

and XP2012
contributeinUA1and UA2
pp CERN experiments with

A complete range of modern PMTs for industry and physics Stabi I ity

thod tabilit i -
cathode number stability pulse |[resolution Llnearlty

PMT of linearity 137Cs ,
@ | type |stages|16h/0,3pA|1-0,1pA| (MA) BBQi
(mm) (%) (%) (%)
XP2008 | 32 |superA| 10 1 1 200 8 co -
XP2012 | 32| bialkali | 10 1 1 200 7,2 nSIStency
XP2202 | 44 | bialkali | 10 1 1 200 7.4 -
XP2212 | 44 | bialkali | 12 1 1 250 7,5 Re50|utl0n
XP2030 | 70 | bialkali | 10VB 0,5 0,8 40%) 7,2
XP2050 | 110 | bialkali | 10VB 1 1 40%) 75 Economy
*} with a specially tailored bleeder
Matching the BBQ emission meet the most critical parameter Philips Industries,

spectrum (BBQity), these PMTs for system resolution: GAIN STABILITY.  Electronic Components
and Materials Division,

We've set the standard for over 20 years -Eindhoven The Netherlands

= G PHILIPS

and Materials
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MEASURE WEAK LIGHT
FROM INDETERMINATE
SOURCES WITH NEW
HEMISPHERICAL PMT

ANGLE (Degrees)

[

LIGHT ACCEPTABILITY OF R1391X
.+ measured o calculated

The new R1391X 5" hemispherical photomultiplier tube provides
excellent sensitivity over the full 180°.

We suggest that you test this new photomultiplier tube for measuring
Cerenkov radiation, for scintillation detection and other applications.

CALL ORWRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION ¢ 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE: 201/469-6640
International Offices in Major Countries of Europe and Asia.
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FLEXWELL’ Transfer Lines
for Liquid Gases

® vacuum insulated lines @® no continuous pumping
® completeley assembled @ extremely low heat-inleak

Votre partenaire pour la fabrication de guides-lumiéres de toutes

sortes. .
s & Nous nous sommes spécialisés pour le fraisage des surfaces de
FLEXWELL® type N2 consists of two corrugated flexible stainless steel divers matériaux thermoplastiques comme NE 102 — NE 110 -
pipes. Installation work on site is minimized. Standard lines with four Plexiglas — Altuglas — Perspex, etc.
different inner diameters (14 mm —21 mm—30 mm—39 mm) are available. L, . .
Other types on request. Les tests de reflectivités (faits au CERN) montrent que le fraisage

« Gebex » donne une trés bonne qualité des surfaces qu'on obtient

sans nécessité de polissage.
elmetal

i e Ogebex ag uster

kabelmetal electro Gesellschaft mit beschrankter Haftung R " Tel. (01) 940 77 57
Postfach 260 - D-3000 Hannover1 - Telefon (0511) 676-1 Rosensirasse 3 e (o1

- — N
'LOGIC GENERATOR IGA

® Deux modéles 32 ou 16 canaux d'information @
Profondeur de la mémoire 1024 mots , ROHDE&SCHWARZ

°

e Fréquence d’horloge interne ou externe
jusqu'a 1,8 MHz

e Mots tristate

e Sortie multiclock pour utilisation avec uP

e Tabulator confortable

® Genre d’information a choix binaire, octal,
décimal ou hexadécimal

e Mémorisation des informations sur cassette

e Adaptation sans probleme a I'objet a mesurer

@ Bus IEC compatible (en option)

. 3000 Berne 31
Représentation générale [{{| ROSCHI Case postale 63

et service R u . Télex 32137
pour la Suisse - Télécommunication SA Téléphone 031 442711
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IS-11
Camac Crate COntroller
with built-in LSI-11

@ Visibly the most sophisticated design
on the market

® LSI-11/2/23 and up to 256 kB RAM in a
treble-width module

® Master/Auxiliary Controller
@ Standard DEC software plus Camac-Macro-Calls

@ Full peripheral capability via
extendable Q-Bus

® Same Camac Controller (double-width)
available for use with your PDP-11/03

Borer Electronics AG

CH - 4501 SOLOTHURN/SWITZERLAND
Tel.065- 311131 - Telex 34228
Suisse Romande: Tél. 022-76 3846

1s-1

MICROCOMPUTER

@
@
@

@

" AUXILIARY
CONTROL

@: @ @3

CAMAC
STATUS

©-0x807
1
©>0z05

o

CAMAC
CONTROL

RESET

ON LINE

TPy
CONTROL

RUN

® O

BOOT

RTC

TERMINAL

Wh
Reuter-Stokes
*He-filled
neutron counters

For 25 years, Reuter-Stokes

uniformity assures

proportional counters have been f 'o'n d precise matching for parallel
known?1 for their maftc:hecll operat—l fare p re e e operation agg s‘tingiie vc;|t~
ing characteristics and long life h age setting, and detector inter-
Qur two-year full warranty attests ln researc changeability.

to our confidence in these rds Reuter-Stokes’ strict control
counters. an Sa' egua of fill-gas formulation re-

Intime-of-flight and small-angle

sults in tritium-free, high-purity

scattering experiments, in nu- appl’cauons. ®He for best performance. Calll

clear safeguards and geophysical

or write for information on our

exploration, we are known for our ability to design complete line of gas-filled neutron, gamma, and
to unique requirements. And the predictably uniform x-ray detectors.
charge output and sensitivity of R-S counters Reuter-Stokes, Inc., 18530 South Miles Parkway,

has made them the detectors of choice throughout Cleveland, Ohio 44128 U.S.A. Phone 216-581-9400;

the research and fuel-reprocessing communities. This Telex 98-5253.

reutergystokes

7602
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PRENEZLEBUSG64 o
CELUI QUI VA VITE ET LOIN

CARTES EUROPE THOMSON EFCIS

L’ASPECT LOGICIEL :

CARTES EUROPE THOMSON - EFCIS :
I'ensemble matériel - logiciel
TREMIS-EUROPE concu pour les cartes
EUROPE accélére | ure et la mise
au point de vos programmes
d'application.

LA SECURITE :

CARTES EUROPE THOMSON - EFCIS :
un bus reconnu, le bus G 64 EFCIS,
véritable langage de communication
entre les cartes, adopté par plusieurs
constructeurs.

Adopter un systéme
de CARTES EUROPE, c'est
tenir compte de 3 facteurs :

LE CATALOGUE

ET SON EVOLUTION :
CARTES EUROPE THOMSON - EFCIS :
plus de 40 modules : processeurs
(6800, 6802, 6809), mémoires
(statique, dynamique, CMOS, EPROM), THEMIS-EUROPE
interfaces paralléles, séries, opto,
puissances, analogiques, contrleurs A  1HC .
G oppy, e CRT cpharumériues, 51 vou ideront o vl miter
graphiques,... des cartes quis'emboitent application, nous nousg:hargeons
et se complétent comme un puzzle. du “hard".

Les CARTES EUROPE THOMSON -
Une qualité en plus, la proximité

KONIZSTRASSE 194

COMPOSANTS  jemussras s

| | THOMSON-CSF  MObULATORSA

ol

CERN Courier, January/February 1982



Ifit’sa question
of c1yogenics. .

My/ﬂmﬁw%

Ay
Tl

~ the
answer

- No one can offer the research community
~awider range of reliable, useful cold sources.
HELI-TRAN® systems provide simple-to-
operate cooling in the 2-300K range.
'DISPLEX® cryocoolers offer unsurpassed
versatility and reliability in continuous
closed-cycle cooling from 10-300K.
HELIPLEX™ refrigerators can replace use
of liquid helium for around-the-clock
cooling down to 3.7K.

Add to this the most complete selection

of temperature controllers and indicators,
radiation shields, vacuum shrouds, sample
holders, and other equipment vital to ESR, NMR,
Mossbauer effect, x-ray diffraction, and other

R low-temperature research.

More than 1000 laboratories worldwide use our
reliable cryogenic equipment. Send today for our
latest catalog: Laboratory Cryogenic Systems.

(A cArProduts)

APD CRYOGENICS

1919 Vulteé Street, Allentown, PA 18103 (215) 398-8419 Telex: 84-M16




ELECTRONIQUE

WISHES YOU
A HAPPY AND PROSPEROUS

NEW YEAR

YOUR PLANNING PARTNER FOR A FULL LINE OF :
CAMAC and NIM modules

Power Supplies
Data Acquisition and Processing Systems

Scientific Systems
...and much more

France: EG&G Instruments; Zone Silic 428; Tel. (1) 6872571 - Tix 202663F, F-94583 RUNGIS CEDEX - Germany : SEN
ELEKTRONIK GmbH;Brandsticken 11; Tel. 041 802046 - Tix 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System;
Radspielstrasse 8; Tel. 089916710 - TIx529167d - D-8000 MUNCHEN 81 - Switzerland : SEN ELECTRONIQUE SA; CP 39; N
Tel (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel (01) 9455103; 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 ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE
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lon Beam Steering

ANAC’s compact Steering Magnet makes ion
beam alignment, position control and scanning
easy.

Just slide the ANAC 3521 X-Y Uniform Field Steering Magnet

onto non-magnetic beam tubes up to 75 mm outside diame-
ter.

It provides independent, two-axis deflection in one compact
unit less than 30 cm long and 20 cm overall diameter. Weight
is only 23 kg.

Check these deflection operating ranges for low-power
(ambient air cooled) or high-power (water cooled) operation.

i

Water Cooled
7

Ve
/

{minradians}

B33 W
AL

Air Cooled

BEAM DEFLECTION AT
MAXIMUM CONTINUGUS CURRENT

i ; i s
s 10 20 50 QI 200 500 1000

BEAM PRODUCT
{amu Mev/Z')

Optional accessories include independently controllable
power supplies, vacuum chambers and mounting stands.

For further information and pricing call or write:

ANAC Inc. Europe
13, Avenue Ste-Clotilde, CH-1205 Geneva
Tel. (022) 28 87 19 / Telex: 421 254 anec

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

DAINI SEIKOSHA Co. Ltd.

31-1 Kameido 6- chome Koto-Ku

Tokyo 136, Japan

Tel. 684-2010 / Telex:0 262 2410 dseiko j

ANAC
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NMR
Field Stabilisation

for magnetic field stability
of 5 x 106

NMR  RE  STABHIZER

NMR  MAGNETOMETER

MODUL ATION

- EKT T

BF OUT

PROBE CONNEUTIONS

BN T
T i e
Use the well known Sentec 1000 NMR Magneto-
meter together with the microprocessor control-
:f-ad[dRF stabilizer 1007 to stabilize your magnetic

ield.

With the Model 1000 you get :

@ 870 Gauss to 68 KGauss field range

7 digit display in Gauss

0.01 Gauss resolution

+10°% absolute accuracy, +5 x 107 relativ
Automatic field tracking

Packaged in double width NIM module
BCD output

waliil

The RF stabilizer 1007 will give you :

® RF stability better than 5 x 106

® Microprocessor controll

® Error voltage to controll your power supply
® Packaged in double width NIM Module

Please call or write for literature and pricing :

ANAC Inc. Europe
13, Avenue Ste-Clotilde, CH-1205 Geneva
Tel. (022) 28 87 19 / Telex: 421 254 anec

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

DAIEI MUSEN DENKI Co. Ltd.

10-10, 3 Chome, Soto Kanda, Chigoda-Ku, Tokyo
Tel. Tokyo 03-255-0931 / Telex: J 23923 daiei

==
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Atelier
de chromage dur

Traitements électrolytiques industriels

Chromage dur
® al'épaisseur
® de précision
® mat

Noircissage de métaux ferreux

Rectifiage centerless

P. ALUNNI

Crissier-Renens route de Bussigny 21 tél. (021) 34 27 27

' S[ Graphische Farbterminals

® Programmierbares
Terminal @ 64 KB-Memory @ RS 232C/V 24 @
zu Host-Computer @ INTEL 8080 CPU @ Neu:
Option fur hohe Auflosung e Hardcopy e
CP/M-Kompatibilitat fir Business Applikationen
als Option @ DISSPLA-Software

Qualiiat - Kontinuitat - Service

Tafernstrasse 15 m“

CH-5405 Baden-Dattwil .. Av. Louis Casai 81
Telex 54070 ‘CH-1216 Genéve
| Tel. 056 84 0151 Tél. 022 987877
36

A+D PRODUCTS SA
2502 Bienne r. Albert Anker 23

Téel. 032 236312/235582 Télex. 34834 ADPRO

CIM Modules

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

Please contact us for additional information
We also represent for Switzerland:

Delta Elektronika BV (NL)

Wallis Electronics Ltd (UK)

E/M Electronic Measurements Inc. (USA)
C 2e
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THREE-DIMENSIONAL CAPABILITY
IN ISM KLYSTRONS

The list of hdusfrial Scientific and Medical (ISM) applicoﬁons
forh;gh—power klys'rrons continuesto grow, including such ke

RF heating of plasmas m major new high-energy pq_gifcie accelerafors.
BT all these ISM applications, the quality and reputation of

HOMSON-CSF klystrons make them a logical ch
Three maijor fields of application, three most-used frequencies, and three
operating modes - short pulse, long pulse and CW. o,

" And all covered in depth by the three-dimensional cupabiliﬁes
of THOMSON-CSF's Electron Tube Division — a name to rely on!

-

Al

THOMSON-CSF o1vision TUBES ELECTRONIQUES

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

UsA GERMANY ALY SWEDEN

THOMSON-CSF THOMSON-CSF THOMSON-CSF THOMSON-CSF

COMPONENTS CORPORATION  BAUELEMENTE GrmbH COMPONENTI KOMPONENTER

RUTHERFORD NJ (201) 438-2300  MUNCHEN (89) 75.10.84 ROMA (6) 638.14.58 & ELEKTRONROR AB

BRAZIL UNITED KINGDOM SPAIN STOCKHOLM (8) 22.58.15

THOMSON-CSF THOMSON-CSF THOMSON-CSF JAPAN o

COMPONENTES DO COMPONENTS AND COMPONENTES THOMSON-CSF 3

BRASIL Ltda MATERIALS Lid ¥ TUBOS S.A. JAPAN KK, o

SAO-PAULO (1) 542.47.22 BASINGSTOKE (256) 29155 - MADRID (1] 419.88.42  TOKYO [3) 264.63.46 ®
(¥

CERN Courier, January/February 1982 37



PM 800 050 PE

The New
PFEIFFER TURBO PUMPS

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

As aresult of the optimization of the
rotor and stator design, a consider-

38

. ® TCP300
POWER-BUPPLY
& &

{»

L d -

TCP 300 electronic drive unit

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

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

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

BALZERS

ARTHUR PFEIFFER
VAKUUMTECHNIK WETZLAR GMBH
Postfach 1280, D-6334 Asslar,
BR-Deutschland
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No Nonsense P
High Voltage System

LeCroy’s System 1440 is a no nonsense solution for large-scale Photomultiplier high voltage ap-
plications. Based upon two generations of LeCroy high voltage systems, it provides up to 256
separately programmable high voltage power supplies. A system ADC allows each to be
monitored. Control and readout can be done either from CAMAC or an RS232C terminal.

No Nonsense means Simplicity—No fancy
displays or complex controls. Programming
commands are simple but complete. System
1440 is as easy to use as a CAMAC crate. All
of the subassemblies plug in, including the 355
HV supplies, making service easy. LYY
2 @‘@*vﬁg“gﬁg‘@@
No Nonsense means Reliability—Simplic- '
ity yields reliability. The 256 HV supplies are i - S S . g
a refinement of the field-proven HV4032A [ Sk AlEEN 0%
supplies. System 1440 has excellent cooling BN GRS veCes
and a minimum of interconnects. 2 SRR s

No Nonsense means Performance—Each
supply offers up to 2.5 mA at up to 2500 V. A
256-channel system provides as much as
1500 W.

No Nonsense means Economy—System
1440 offers both low cost and high relia-
bility—making System 1440 a unique value.

For large scale Photomultiplier HV
applications, simplicity, reliability,
performance and economy are
essential. System, 1440 is the
answer. Contact your local LeCroy
sales office for more details.

LeCroy

700 S. Main Street, Spring Valley, N.Y. 10977, (914) 425-2000; Palo Alto, California, (415) 856-1800; Geneva,
Switzerland. (022) 98 97 97; Heidelberg, West Germany, (06221) 28192; Les Ulis, France, (6) 907.38.97; Botley,
Oxford, England, (0865) 72 72 75. Representatives throughout the world
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EVER HEARD OF INCAA?

If you haven't, it will be because we have not been constantly knocking on your
door. However, we design CAMAC since 1975, when we got the first fully
autonomous CAMAC crate controller CAPRO-1 on the market.

Our present fully CAMAC compatible range includes:
Intelligent Floppy Disk Controller with on-board data management, Video
digitizer and graphic and picture display modules, Dual-port static RAM.

Systems we have realized using CAMAC technology:
Moessbauer effect, X-ray and TV image processing, Climate control, Dutch
Natural gas booster station control, Telemetry simulation, production control.

Apart from CAMAC but with a comparable philosophy we produce an extensive
Eurocard range, mainly used in data concentrators and industrial control.
If you are interested in our products, please mail a
copy of this advertisement.
[_l might be interested in your products. Add my name to your mailing lisz‘.—|
Name: B .. Title/function: ___
Activity/project: |
| Companylinstitute, department, address: |

Acrylic Plastic| [l entron Il
Scinti“ators Ein umfassendes Angebot

an Metallen und Chemikalien

for large area =
applications 5

Lower cost per light output than any competitive product
Durable, withstands aging and irradiation

Large sheets 75” x 100" (190 x 250 cm)

Thick sheets .060” - 3” (.15 - 7.62 cm)

Excellent mechanical properties

Easily machined and polished :
Uniform quality through large production runs o

Specialty formulations available on request 0’|V|l_|etarllle vor&techhniscrer“ a Standard'ftfﬁré\AS und
i bis héchster Reinheit als assenspektroskopie
Call Toll Free 800 243-9002. Ask for John Lee Pulver, Stabe, Drahte, Folien ... @ Deuterierte Losungsmittel
@ Chemikalien von A-Z @ Verbindungen mit stabilen
(Anorganika-Metallorganika- Isotopen.....
Organika)
PO LYC AST Fordern Sie unsere Kataloge an!

Technology Corporation Post h\‘lsesn;roonZ Gmbllji rafe 7
ac , £eppelinstrabe
Box 141, Stamford CT 06904 USA D-7500 Karlsruhe 1
Tel.(0721)557061,Tx.07 826 579 vent d
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PGOS Iil...

Multiwire

Proportional Ghamber

‘Modern High Energy

Physics experiments utilizing -
MWPC produce exceptionally high
singles rates and high event rates.
LeCroy’s new PCOS lll uses exciting
advanced technology to produce a
totally integrated system for these ap-
plications.

PCOS lll consists of exceptionally
compact 16-channel chamber cards,
remote 32-channel delay/latch
modules and priority encoders to
scan and encode at high speed.
Readout is performed via LeCroy’s
CAMAC DATABUS system.

Exceptional Compactness

16 channels of amplifier/discrim-
inator on an 8x12 cm. card! Two new
LeCroy monolithics make this
possible.

Programmable Threshold
CAMAC programmable in 0.06 A
steps. Makes computer-controlled
plateau a reality!

Programmable Pipeline Delay

CAMAC programmable with 1.5 nsec
resolution (300-682.5 nsec) with the

double pulse resolution of cable but
without the bulk, waste, or cost.

Prompt wire and latched outputs are
supplied. Provision for 2-fold to
16-fold in any combination. Compati-
ble with LeCroy’s ECLine family of
logic modules.

Rapid Encoding

Use of distributed intelligence results
in a total encoding time for typicai
events of 1-2 usec.

Cluster Compacting

Built-in logic allows automatic on-line
calculation of the cluster centroid and
width.

Interface to a Track Finder
Addresses of hit wires are supplied as
they are encoded. Unique ECLport
format optimizes readout rate.

New technology through-
out + system engineered.

Future FASTBUS Compatibility
Utilization of LeCroy’s CAMAC
DATABUS standard makes this
system readily upgradable to the
FASTBUS standard with the Model
2799 FASTBUS interface, scheduled
for design soon.

PCOS Il integrates into virtually any
modern experiment. Options include
user-assignable logical wire ad-
dresses, programmable delay and
threshold, user assignable fast out-
puts, cluster-compacting control and
many more. PCOS Il is available
now. Contact LeCroy for details.

LeCroy

700 S.-Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Geneva, Switzerland, (022) 98 97 97; Heidelberg, W. Germany, (06221) 28192;
Les Ulis, France (6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75.
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Well-founded informations give
you a personal lead in any
project management. Take for
example

Garhon fiber
construction elements

for specific use in experimental
physics, for panels, pipes,
shaped parts and combination
products.

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

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

Stesalit AG
Kunststoffwerk

We provide easily built-in CH-4249 Zullwil/SO o
safety in Know-how. Telefon 061/8006 01, Telex 63182 =

LeCroy’s €CLine Standard provides a wide
= w w - variety of discriminators for a wide
range of applications

Four different CAMAC-Standard Discriminators are now available in the LeCroy ECLine
standard. They offer new concepts in pulse height discrimination—like convenient
cabling, programmability of threshold and masking patterns, very low thresholds, and
complementary ECL outputs...features that not only represent better specs, but also
facilitate complete, dynamic system testing.

The high density achieved through the use of custom hybrids and monolithics permits

very low cost handling of signals from photomultipliers, proportional chambers, silicon
detectors and channel plate detectors.

Model Model Model Model

Features 4414 4415 4416 4417
Number of Channels per Module 16 16 16 16
Maximum Rate (MHz) 35 50 200 200
Threshold Range (mV) 1-3 30-600 15-1000 30
Programmable Threshold Yes* Yes™ Yes No
Input Connectors ECL ECL LEMO ECL
Single-ended Inputs Yes Yes Yes Yes
Complementary Inputs Yes Yes No Yes
DC Coupling No No Yes Yes
Burst Guard Mode No No Yes Yes
Programmable Channel Maskin Yes Yes Yes No
Test Input . Yes Yes Yes Yes
Fast Common Veto Yes Yes Yes Yes

*with external control

LeCroy ECLine—A complete line of remotely-programmable, high-density, high-speed
CAMAC-based logic modules, suitable for any trigger application. Call or write for
details.

81, Avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland; 98 97 97. Offices: USA, (914)
roy 425-2000; Heidelberg, W. Germany, (06221) 28192; Les Ulis, France, (6) 907.38.97; Botley,

Oxford, England, (0865) 72 72 75. Representatives throughout the world.
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EIMAC's 4CW300,000G Power Tetrode
A new generation of high-performance
power tubes.

EIMAC’s 4CW300,000G com-
bines all the desired features
transmitter designers look for:
high peak plate current, low grid
emission, low internal capaci-
tances and low internal induc-
tance. This is the first of a new
generation of high performance
power tubes for LF, HF, VHF and
pulse service.

Laserfab pyrolytic

graphite grids

The control grid and screen
structures of the 4CW300,000G
are precision-cut by a laser
beam. Each element is mono-
lithic and combines extremely
low coefficient of expansion
with low structural inductance.
These features permit the
4CW300,000G to have a very
high transconductance —10°
micromhos—and allow effi-
cient, high-frequency operation.

CERN Courier, January/February 1982

Rugged mesh filament

The EIMAC mesh filament pro-
vides exceptionally high peak
plate current and permits low
plate voltage operation. This
leads to power supply economy,
making the 4CW300,000G the
economic choice for 300 KWAM
broadcast service or long-pulse
switch service, each of which
demands a reserve of peak
emission.

Improved anode structure
EIMAC’s multi-phase cooling
technique provides high plate
dissipation to extract heat
evenly and quickly from the an-
ode, contributing to long tube
life and operating economy.
EIMAC expertise

EIMAC’s expertise in electron
ballistics pyrolytic grid produc-
tion, thermodynamics and cir-
cuit techniques combine to
bring tomorrow’s tubes for to-

day’s transmitter designs. More
information is available from
Varian EIMAC. Or the nearest
Varian Electron Device Group
sales office.

Electron Device Group

Varian EIMAC

Application Engineering
Department

301 Industrial Way

San Carlos, CA 94070

Telephone: 415-592-1221, ext. 218

Varian AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Telephone: (042) 23 25 75
Telex: 78 841

varian
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Mqufo\\}\ SERVICE

“OVER 30 YEARS EXPERIENCE IN
LARGE PRECISION MANUFACTURE

Project work, development and [0 Manufacture of special projects for
production engineering to custofner research organisations.
specification. []Magnet manufacture.

Suppliers to U.K.A.E.A., C.E.R.N., JET []High vacuum fabrications.

and similar authorities throughout []Clean area facilities.

the world. L] Precision machining.

1000 Dipole and 200 Quadrupole [ ] Electron beam welding.

magnets in service at C.E.R.N. For further information please contact:-

MORFAX LTD.

Willow Lane, Mitcham, Surrey CR4 41D, England
Telephone: (London) 648 7040 Telex: 917122
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