




New ways of observing particles 

There is a relentless search for new 
techniques for the detection of parti
cles, pushed by the need to confront 
new experimental conditions, by the 
desire to gain additional information 
(or information of greater precision) 
and by financial constraints (particu
larly in the huge detection systems of 
modern experiments). 

Some of them are new in the sense 
that they are attempting to use de
tector properties which have not 
been applied on a wide scale in high 
energy physics before (semiconduc
tor detectors, Cherenkov ring imag
ing). Some of them are new in being 
new ways of exploiting detector pro
perties known for a long time (Geiger 
cellular arrays, flash calorimeters). 
All of them show that, as the physics 
needs evolve, there is no shortage of 
ideas as to how to respond to 
them. 

Silicon strips 

Semiconductor materials, such as 
silicon, are sensitive to the passage 
of a charged particle. For a given 
energy deposit, ten times as many 
electrons are released in silicon as in 
a gas. Thus electric signals can be 
detected in crystals of semiconduc
tors indicating the presence of a par
ticle. 

The potential of such materials for 
particle detectors has been known 
for a long time. The difficulty has 
been, and remains, the construction 
of suitable arrays of tiny silicon de
tectors and the method of drawing 
off the signals from such small intri
cate arrays. 

Much progress has been made re
cently and interest in the technique is 
growing (as witnessed by the 'Semi
conductor Detector Workshop' held 
at Fermilab last October and re
ported in our January issue, page 
11). Many groups throughout the 
world, including several at CERN, are 

working on silicon microstrip detec
tors. 

High accuracies have recently 
been achieved with high resolution 
silicon counters being developed for 
use in an experiment at the SPS by a 
collaboration of CERN and Munich 
(Max Planck Institut fur Physik, MPI, 
and Technische Universitat, TUM). 

The counters are made of high re
sistivity doped silicon wafers 300 
microns thick. Their sensitive area is 
24 mm by 36 mm. Using LSI (Large 
Scale Integration) techniques (ther
mal growth of silicon dioxide, high 
resolution photolithography, ion im
plantation and aluminium evapora
tion), 1200 diode strips of 36 mm 
length with a pitch of 20 microns 
have been fabricated onto the silicon 
crystal. Aluminium wire of 25 mi
crons diameter is used to'connect 
these diodes to a printed circuit card 
using the technique of ultrasonic 
bonding. To identify which strip has 
been traversed, capacitative charge 
division is used and it is then not 
necessary to connect every diode to 
the readout electronics. 

Several problems had to be 
solved. Although submicron struc
tures are built industrially, it is diffi
cult to produce devices of several 
square centimetres without defects. 
The team at TUM succeeded in build
ing counters with 1200 diode strips 
without any defect and on the basis 
of this experience, European industry 
has been approached to build such 
counters. Special technology had to 
be developed to achieve low 'dark 
current' (the inherent electronic 
noise in the semiconductor) so that 
the counters can be used at room 
temperature without loss of resolu
tion due to noise. Last but not least, a 
mechanical mounting had to be built, 
to permit the relative positioning of 
the counters to a few microns. 

The electronic chain for amplifying 
and recording the signals has to be 

Photographs taken with an electron 
microscope at CERN showing details of the 
intricate connections which have to be 
made on the silicon wafer in the 
semiconductor detector. 1 — wires, about 
120 microns apart, are bonded onto the 
wafer. 2 — an enlarged view of the strip 
pattern on the wafer. The strips are 20 
microns apart. 

2. 
sensitive to a fraction of the 30 000 
electron-hole pairs produced by high 
energy particles traversing the sili
con crystal. Such a chain has been 
developed by CERN and MPI-Munich 
and a background noise as low as 
600 electrons has been achieved in 
the experimental setup. 

Three counters, equipped with 
600 channels of electronics, were 
installed in front of a spectrometer at 
the SPS (the NA11 experiment) and 
tested in November. An efficiency in 
excess of 99.8 per cent, a spatial 
resolution of 10 microns and a two-
particle separation of approximately 
100 microns were achieved. The 
counters worked satisfactorily for 
beam intensities of several million 
particles per SPS spill. Test data 
were taken with 175 GeV negative 
pions incident on a copper target 
using the silicon counters and the 
NA11 spectrometer. Multiprong in
teractions could be reconstructed. 
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A complete setup of six counters 
was installed during the latest SPS 
shutdown. The group now plans to 
integrate simple data processing el
ectronics directly onto such a detec
tor and to explore ways of making 
large area counters, on the basis of 
what it is already possible to produce 
in industry where 10 cm crystals are 
routinely processed. 

The collaboration hopes to use 
these newly developed detectors as 
a powerful tool in the study of the 
production and decay of heavy fla
vour (charm and beauty) particles. 
Miniaturization of forward spectro
meters for conventional fixed target 
physics and high resolution vertex 
detectors around colliding beams are 
tempting goals for the future. 

Back to Geigers 

The Geiger-Muller counter was 
one of the first particle detectors. It 
recorded the passage of a charged 
particle via the ionization of gas 
around an anode wire. The voltage 
was high enough to provoke consid
erable amplification and, since the 
resulting signal was strong, the de
tector was appropriate to the Stone 
Age of electronics before high quali
ty amplifiers were readily available. 
The main disadvantage was a long 
'dead-time' following a discharge 
before the counter was ready to re
cord the passage of another parti
cle. 

Increasing knowledge of the me
chanisms of gas discharges and abil
ity to construct counter structures 
more easily now make it possible to 
use the advantage of the Geiger 
counter while minimizing its disad
vantage. The tricks are to select an 

An amusing demonstration of the abilities 
of the Geiger cell array. The image was 
'drawn' on the array with a point radioactive 
source 'pencil' and the picture transmitted 
to a TV screen. 

The semiconductor detector, with fan-out 
card and connections, which has recently 
given good results at CERN. 

(Photo CERN 516.11.81) 
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appropriate gas (helium instead of 
argon to speed the amplification pro
cess by increasing ion mobility) and 
to reduce the distances travelled in 
the counter (by subdividing in small 
cells). In this way dead-times are res
tricted to individual cells. 

Some work on cellular arrays of 
Geiger counters have been under 
way at CERN (E. Gygi and Fritz 
Schneider) with the aim of producing 
a fine-grained detector at a reason
able cost. So far it has proved possi
ble to cope with rates as high as 10 4 

particles per cm 2 per s in cells with 
1 cm spacing. Using helium plus a lit
tle ethyl alcohol the recovery time 
can be as low as 80 microseconds. 
Signals remain high enough to dis
pense with amplifiers so that the 
cost per cell is about one Swiss 
franc. 

The test array is constructed of 
stainless steel anode wires 50 mi
crons in diameter spaced 1 cm apart. 
Earthed metal strips are interspersed 
between the wires. Perpendicular to 
the direction of the wires, insulating 
material, 2 mm thick, completes the 
division of the array into 1 cm 2 cells. 
There are 1 cm 2 cathode pads posi
tioned above and below, from which 
signals are read by cheap C-MOS 
shift registers. Dead areas exist be
cause of the spacers and their effects 
so that overall efficiency is about 70 
per cent for a beam incident perpen
dicular to the anode planes. 

The tests have been encouraging 
enough to make it worth pursuing the 
technique for possible use in a show
er calorimeter. 

Running rings round particles 

The Cherenkov effect has been 
known since the 1930s and Cheren
kov counters have been a standard 
tool for particle identification for 
many years. They use the phenome
non of the emission of light by 
charged particles passing through 
appropriate media. The angle of em
ission of this light is directly related 
to the particle velocity and, knowing 
the particle's momentum by measur
ing its curvature in a magnetic field, 
the Cherenkov velocity measure
ment gives the particle mass and 
thus its identity. 

The technique has been used in 
several ways, the most popular for 
many years being the threshold 
Cherenkov counter. By tuning the 
medium through which the particle 
passes (for example, by changing 
gas pressure) the presence or ab
sence of Cherenkov light (detected 
by photomultipliers) indicates 
whether the velocity of the particle 
exceeds a particular threshold value. 
A more refined use of the technique 
is to measure the angle of the light 
emission with respect to the particle 
direction — the precise velocity can 
then be determined. This can be 

The photon detector prototype which has 
been used in developing the Cherenkov 
ring imaging technique. Inside the quartz 
window can be seen the wires which define 
the drift field, and on top are the wires 
which give the multiwire proportional 
chamber signals. 

(Photo CERN 164.12.81) 

done fairly readily when dealing with 
a parallel monochromatic beam (for 
example, the use of the CEDAR de
tectors in beamlines at the SPS). A 
more versatile application would be 
possible if the Cherenkov ring of light 
could be detected and measured ir
respective of its size and position. 

This task is'now being pursued by 
several groups, prompted particular
ly by a paper of Tom Ypsilantis and 
J. Seguinot in 1977 on 'Ring Imaging 
Cherenkov' counters (sometimes 
abbreviated to RICH counters). They 
benefit from new ways of detecting 
the Cherenkov photons. 

We have previously reported the 
work led by F. Sauli at CERN (see 
November 1980 issue, page 341). 
The recent news from this collabora
tion (Saclay / CERN / Fermilab / Sto
ny Brook) is that one of their detec
tors has been successfully operated 
in a test beam at Fermilab. They suc
ceeded in separating pions, kaons 
and antiprotons in a 200 GeV beam* 
As mentioned in our earlier article, 
they used triethylamine (TEA) as the 
vapour to convert the Cherenkov 
photons and a multi-step avalanche 
chamber to measure the ring. 

Another tack has been followed by 
a CERN / College de France / Ecole 
Polytechnique / Uppsala group. 
They have concentrated during the 
past year on the use of tetrakis-dime-
thylaminoethylene (TM AE) as the va
pour in which photons would convert 
and on the use of the time projection 
chamber (TPC) technique, as pur
sued at Berkeley, to measure the 
ring. Tests in a beam at the CERN 
Proton Synchrotron have given very 
encouraging results. 

Photons enter the vapour through 
a quartz window. The TMAE ab
sorbs them over a path length of 
about 15 mm and (with about 50 per 
cent probability) produces a single 
electron-ion pair per photon. The el
ectrons drift in an electric field (paral-
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A drawing of the photon detector indicating 
the roles played by the components (see 
photograph on previous page). 

lei to the quartz window) up to a mul-
tiwire proportional chamber. The 
two coordinates of the incoming 
photon are thus located via the wire 
receiving the electron and via the 
drift time before reaching the wire. 

The work is aimed at producing 
detectors appropriate for the LEP ex
perimental environment able to iden
tify simultaneously and over a large 
solid angle many charged particles 
with energies in the 1 GeV region and 
a few 'leading' particles with ener
gies of up to some tens of GeV. The 
demonstration that TMAE is an ap
propriate photoionizing agent helps 
because it has a lower threshold for 
photon conversion than TEA (5.4 eV 
rather than 7.5 eV). This allows or
ganic gases and freons to be used as 
radiator and more practical materials 
(like quartz) can be used for the win
dows rather than substances (like 
monocrystalline calcium fluoride) 
which are transparent in the far ul

traviolet. The demonstration that the 
TPC technique is appropriate for the 
ring imaging makes it feasible to 
measure several rings simultaneous
ly, even when they are overlapping. 

It is now intended to produce an 
array of RICH counters to cope with a 
large solid angle to test the ability to 
detect several particles emerging 
from an interaction in a jet. 

A ring image from tests with the photon 
detector. 
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Wire address 

Doing GUD 

At the end of October a workshop 
entitled 'Physics and Astrophysics 
with a Multikiloton Modular Under
ground Track Detector' was held in 
Rome. Its aims were to bring togeth
er experts from different fields who 
had an interest fh 'underground' phy
sics (there were about 150 partici
pants), to review the present situa
tion, to compare alternative detec
tion techniques and to present a pre
liminary project for a big modular 
detector being prepared by Italian 
physicists (particularly from Frascati, 
Milan, Rome and Turin). Usually 
known as GUD (Giant Underground 
track Detector), this project is one of 
the few underground experiments 
we have not yet described in the 
COURIER. It fits well in an article on 
detectors since it intends to use flash 
tubes in huge calorimeters. 

Flash tubes as particle detectors 
were proposed in 1955 by Marcello 
Conversi (a leader of the GUD pro
ject) and A. Gozzini. The idea was to 
fill the gaps between parallel capaci
tor plates with stacks of glass tubes 
filled with neon at a pressure of about 
half an atmosphere. A particle pass
ing through the array makes the 
tubes it traverses sensitive for about 
1 ms, and a high voltage pulse ap
plied to the plates, triggered by co
incidence counters above and be
low, causes the sensitive tubes to 
flash. The track is then photographi
cally recorded. 

This technique was the precursor 
of the spark chamber, which won 
out, particularly since the spatial re
solution of the flash tube detector is 
limited by the tube size. However 
they do have some advantages 
which make them interesting for un
derground experiments. Each tube is 
an independent detector, so that de
tection reliability should be high. 
They can record events with virtually 
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Above, an example of the signals from a 
350 ton flash calorimeter installed at 
Fermilab showing a 110 GeV neutrino event 
with three stereo views involving 5538 
flash cells. This technique is envisaged for 
the GUD underground experiment detector. 

Below, a drawing of the proposed structure 
of a 9 m3 module of the GUD underground 
detector. The small squares represent the 
banks of flash tubes. 

any number of tracks and any track 
direction. They can now be read out 
digitally as well as optically by using 
the electric discharge which propa
gates via photoionization along the 
full length of a tube. They are also 
comparatively cheap. 

The technique was used in the 
1960s, particularly in cosmic ray ex
periments, and about ten years ago 
Conversi proposed the substitution 
of plastic tubes for the neon variety. 
Recently magnetostrictive readout 
of inductive pick-up probes has been 
developed at Fermilab and success
fully used in a neutrino experiment. 

The GUD project aims to make use 
of a huge hall (up to 100 m long by 
25 m wide and 20 m high) deep un
der the Gran Sasso (about 4500 m 
water-equivalent), situated about 
100 miles from Rome. The aim is 
to build a detector of at least 10 000 
tons. 

A preliminary proposal for the 
structure of the detector has eight 
flash chamber calorimeter modules 
totalling more than 12 000 tons in an 
18 m cube. There would be some ten 
million sensitive cells of 4 mm 2 

cross-section triggered by planes of 
fast resistive plate counters and in
terleaved with 3 mm-thick metal 
plates. The structure is modular so 
that its construction could progress 
in phases. The complete detector 
would be like a huge coarse-resolu
tion triggerable bubble chamber. 

A wide variety of physics ques
tions can be confronted and the de
tector's size would increase the 
chances of picking up rare events. 
According to present predictions, 
hundreds of proton decays could be 
recorded. Information could be ga
thered on neutrino oscillations, grav
itational waves and rare cosmic ray 
events. It could be a very big window 
through which our Universe could be 
viewed. 
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Collider workshop 

The promise of initial results after the 
start of operations at CERN's SPS 
proton-antiproton collider and the 
prospects for high energy hadron 
collisions at Fermilab (Tevatron) and 
Brookhaven (ISABELLE) provided a 
timely impetus for the recent Topi
cal Workshop on Forward Collider 
Physics', held at Madison, Wiscon
sin, from 10—12 December. It be
came the second such workshop to 
be held, the first having been in 1979 
at the College de France, Paris. 

The 100 or so participants had the 
chance to hear preliminary results 
from the UA1, UA4 and UA5 exper
iments at the CERN SPS collider (see 
January/February issue, page 3), to
gether with other new data, including 
that from proton-antiproton runs at 
the CERN Intersecting Storage 
Rings. 

As clear from the title of the Work
shop, interest centred on interesting 
physics from collisions whose pro
ducts are confined in the 'forward' 
angular region -— within 30° in the 
centre-of-mass. Nowadays, angle 
has been replaced by rapidity as a 
convenient variable, and this region 
corresponds to ± 5 rapidity units at 
the SPS and ± 6 at the Tevatron, 
excluding a small central zone. 

If they exist, long range correla
tions (similar phenomena seen under 
quite different kinematical con
ditions) should be observable in this 
angular range. Other expected pro
cesses include production of weak 
bosons (the W and Z), heavy fla
vours), and maybe Higgs particles. 
However the copious production of 
pions under these conditions makes 
for high backgrounds when trying to 
pick out electrons and muons, and 
sophisticated detection techniques 
are needed. 

The UA1 and UA5 results were 
presented by A. Kernan and 
R. Meinke respectively. The data as 
presented show three striking fea

tures. The distributions of charged 
particles follow KNO (Koba/Niel-
sen/Olesen) scaling, even at relative
ly high multiplicities. In contrast to 
the ISR data, some evidence for long 
range correlations is seen. The aver
age transverse momentum per parti
cle increases to 500 MeV. 

The UA1 experiment was able to 
report relatively copious production 
of events with high transverse ener
gy. Previous experiments, notably 
the NA5 study at the CERN SPS (see 
May 1981 issue, page 155), found 
that such processes are relatively 
abundant. Klaus Pretzl reviewed the 
N A5 study with a calorimeter trigger. 
Events have been seen with trans
verse energy of up to 18 GeV out of 
22 GeV available in the centre-of-
mass, over a rapidity range of ±0.8. 
Jet production is certainly not evi
dent. 

A related question is the effect of 
fluctuations in the high multiplicity 
tail of the particle distributions. This 
might be the reason why the events 
with large transverse energy appear 
to contain many particles with low 
energy. These fluctuations can pro
duce peculiar neutral to charged pion 
ratios and angular distributions. This 
might mean that particle jets are 
there but are hard to find. 

Related theoretical progress was 
reported by Geoff Fox, who has been 
busy (with Robert Kelly) calculating 
QCD effects in hadron-hadron colli
sions, including gluon 'bremsstrah-
lung'. He finds that if the products of 
high transverse momentum colli
sions are selected using a total trans
verse energy trigger, rather than hav
ing a planar jet structure, they are 
instead isotropic, with many gluons 
being radiated. This may be an expla
nation for the non-appearance of jets 
under NA5 conditions. It could mean 
that clean separation of jets from 
background is difficult. Further data 
from the proton-antiproton collider 

experiments will shed more light on 
this question. 

Cosmic ray experiments have ev
ents in and beyond the energy range 
attainable in the colliders. However 
this was the first time that laboratory 
and cosmic ray data could be expli
citly compared. Two cosmic ray 
findings are now confirmed — the 
rapidity plateau now extends to ± 4 , 
and average transverse momentum 
per particle rises to 500 MeV. Pecu
liar events, such as the much-publi
cized Centauro, have not yet been 
seen at collider experiments, but 
could arise as a result of large high 
multiplicity fluctuations. 

New cosmic ray data from the 
'Fly's Eye' detector now operational 
in Utah were presented by G. Cassi-
day. This uses an arrangement of 
mirrors and photomultipliers to ob
serve the radiation produced by ex
tensive air showers. It allows the 
interaction point in the atmosphere 
to be located and thus determines 
the absorption length of the proton-
nucleus collision. The aim is to meas
ure total proton-nucleon reaction 
rates down to millibarn levels at up to 
100 TeV in the centre-of-mass. Early 
results suggest that the total reac
tion rate is still rising, even at these 
energies. 

Less spectacular but still important 
are the antiproton results emerging 
from the CERN ISR. Data were pre
sented by P. Grannis, M. Block and 
L. Camilleri. 

With hadron colliders promising 
new discoveries, theorists were able 
to provide substantial input. One 
field ripe for further study is heavy 
flavour production. Stan Brodsky 
presented ideas of intrinsic flavours 
in the nucleon which result in heavy 
flavour production at large energy 
transfers. This could explain the rela
tively high charm production levels 
observed at the ISR, but production 
of heavier flavours (beauty and top) 
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would provide an exacting test. 
(These ideas have to be reconciled 
with recent data from Fermilab and 
from the European Muon Collabora
tion's study of charm production by 
high energy muon beams at the SPS.) 
While there is some evidence for 
beauty production at the ISR (pre
sented at the meeting by D. Dibiton-
to), discovery of top flavour produc
tion at the SPS collider would help 
complete the picture. Also drawing 

on the high charm production levels 
seen at the ISR, M. Jacob and R. Hor-
gan have predicted that forward-pro
duced top particles should indeed 
show up at high energy proton-anti-
proton colliders. At the Madison 
meeting, R. Odorico presented other 
arguments to explain the observed 
charm production levels. Further stu
dies at colliders will certainly be use
ful in solving this problem. 

At Madison, latest calculations on 

the production of weak bosons, 
Higgs particles, etc., were pre
sented. Hopefully at future such 
meetings theorists will be able to fit 
the observed data. 

These meetings are now a regular 
feature of the particle physics scene, 
the next one being scheduled for 
10-12 June in Rome. 

(We are grateful to D. Cline for pro
viding us with the material from 
which this report was compiled.) 

Data (upper points) from the full wide-angle 
calorimeter of the NA5 experiment at CERN 
using a large transverse energy trigger. The 
relatively high reaction rates observed are 
difficult to reconcile with production of 
well-defined particle jets. Initial new 
calculations (by Geoffrey Fox and Robert 
Kelly) including gluon bremsstrahlung appear 
to provide a promising fit to the data at 
these transverse energies. 

CERN Courier, March 1982 53 



Fastbus timetable 

Prototype modules for CERN's Fastbus 
pilot project. 

(Photo CERN 1.2.82) 

Now being groomed in Laboratories 
in Europe and the USA is Fastbus, 
the new physics data acquisition 
system designed to cater for the 
developing requirements and new 
technologies of the next generation 
of high energy physics experiments. 
But while this painstaking develop
ment work for the production ver
sion of the system continues, a pio
neer Fastbus application in an actual 
experiment is already in operation at 
Brookhaven (see October 1980 is
sue, page 301). 

The ideas behind Fastbus first ap
peared in public in 1977, when the 
Nuclear Instrumentation Modules 
(NIM) Advanced System Study 
Group produced a report outlining 
future requirements for a physics 
data acquisition system. The NIM 
Fast System Design Group set about 
compiling a detailed Fastbus specifi
cation, while in parallel ESONE (Euro
pean Standards in Nuclear Electron
ics) set up its Advanced System Stu
dy Group. 

An initial Fastbus specification ap
peared in July 1980, and it is hoped 
that a further (hopefully definitive) 
version will soon be endorsed by the 
appropriate international standards 
committees. 

The system is designed to handle 
large quantities of data and/or high 
data transfer speeds. It provides so
phisticated multiprocessing capabili
ties and a large communications 
bandwidth handling a considerable 
amount of data in parallel. It is a nat
ural means of complementing hard
wired electronics to provide fast trig
ger logic. Commercial electronics 
firms are showing an interest and 
already several US companies are 
becoming involved. 

Fastbus is primarily intended to re
place CAMAC in the more demand
ing areas of data acquisition. Howev
er a lot of initial effort at CERN is 
going into the development of Fast-

bus/CAMAC interfaces. This would 
smooth the way for the introduction 
of the new system, and exploit to the 
full the extensive investment which 
has been made in CAMAC-compati-
ble systems. 

Basic Fastbus elements ('seg
ments') can be packaged, CAMAC-
style, in crates, and as cable seg
ments to connect several crates to
gether. On an individual segment, 
multiple sources of command are 
possible. Processing can take place 
in parallel on independent segments, 
but segment to segment hook-ups 
can be arranged as and when re
quired. Asynchronous 'handshaked' 
(acknowledged) communications 
protocols cater for different opera
tional speeds, and a synchronous 
mode is available for high speed 
block data transfers between 
matched devices. Special facilities 
can take care of large sparsely-filled 
data registers. 

Apart from the pioneer application 
at Brookhaven already operational, 
detailed projects are being devel
oped at a number of Laboratories in 
Europe and in the USA. At CERN, a 
pilot scheme involves adding a sin
gle-crate small-angle trigger to the 
existing CAMAC electronics in the 
European Muon Collaboration's ex
periment in the North Area of the 
SPS. This work involves close co
operation with the Gustaf Werner 
Institute, Uppsala. 

The processor contains ten Fast-
bus modules of different types, con
trolled by a Fastbus to CAMAC inter
face. Scintillation cbunter informa
tion is read out event by event using 
a sparse data scan controller and 
transferred to the experiment's on
line data acquisition computer. The 
system is soon scheduled to come 
into routine operation. With an eye 
to the future, a larger system is also 
being produced. 
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Diversity at the Brookhaven AGS 

The Brookhaven AGS, currently the scene 
of a thriving physics programme. 

The physics programme at the 
Brookhaven AGS is thriving and has 
been running at the rate of 25 weeks 
per year for the last two years. It is 
expected to run for a comparable 
period in the present fiscal year. The 
machine runs in two modes — a 
slow extracted beam that serves 
counter experiments through four 
major spigots, and a fast extracted 
beam serving the neutrino area. 

A big attraction is the accessibility 
of the machine — a group with a 
good physics idea can get an experi
ment under way relatively quickly. 
Variety has also characterized phy
sics at the AGS for many years. To
gether with some highlights of the 
past two seasons, it is also timely to 
give a glimpse of what is to come. 

A large neutrino experiment 
(Brookhaven / Brown / Pennsylvania 
/ KEK / Osaka / Stony Brook /INS-
Tokyo) is using a 180-ton complete
ly active detector with excellent spa
tial and energy resolution to measure 
the neutrino and antineutrino elastic 
scattering on electrons and protons. 
Among the results will be a precise 
measurement of the electroweak 
mixing parameter (the 'Weinberg 
angle'). Data-taking started last year 
and is expected to continue into 
1983. The neutrino-electron elastic 
scattering rate of three events per 
day should yield a clean sample of 
150 events by the end of the run in 
this fiscal year. 

The fact that the AGS can run at 
lower energies and still maintain 
good proton fluxes renders it partic
ularly attractive for neutrino oscilla
tion studies. Two collaborations 
have proposed major experiments to 
search for neutrino oscillations with 
high sensitivity, each using a two-
detector configuration. By studying 
the dependence of the interaction 
rates of muon and electron neutrinos 
with distance and energy, limits on 
the masses and mixing angles of the 

various known types of neutrino can 
be inferred. These experiments 
promise to be among the most sen
sitive yet proposed at any accelera
tor. 

Charge-parity (CP) or time reversal 
violation was discovered at the AGS 
in 1963 in the decay of neutral 
kaons. Since then, no other CP vio
lating system has been found. If the 
phenomenon is also present in other 
kaon decays, it should be seen in the 
component of the muon polarization 
perpendicular to the decay plane. A 
Yale / Brookhaven group set out to 
measure this polarization precisely. 
The positive kaon decays were de
tected by measuring the gammas 
from the produced neutral pion and 
the energy and direction of the posi
tron from the subsequent decay of 
the produced muon. The muon polar
ization was measured in two direc
tions, one being the CP-allowed 
component perpendicular to the 

muon momentum and lying in the 
decay plane. The experiment used a 
new Fastbus data acquisition system 
built at Brookhaven, which can han
dle data at speeds an order of mag
nitude faster than conventional CA-
MAC. This system looks like the 
pioneer of a new standard for high 
energy physics in the future (see 
page 54). The data were fully ana
lysed on-line, so that a final answer 
was available soon after the run was 
over. 2x10 7 decays were analysed 
and the measured CP violating polar
ization was consistent with zero. The 
same group is tooling up for new and 
precise measurements of neutral 
kaon decays. While the CP conserv
ing decays have been extensively 
studied, CP violating decays are less 
well measured. These new results 
should help shed some light on var
ious theories of CP violation. 

A Massachusetts / Brookhaven / 
Minnesota / Michigan group has car-
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Setting up the big new neutrino experiment 
at the Brookhaven AGS, which is looking 
to make precise measurements of elastic 
neutrino scattering. 

(Photos Brookhaven) 

ried out two related experiments in 
the neutral hyperon beamline. The 
first measured the polarization of 
lambdas produced from hydrogen, 
deuterium and beryllium targets. The 
polarization was found to be similar 
in magnitude to that measured at 
Fermilab and at CERN ISR energies 
for the same kinematic region. Fur
thermore the polarization from hy
drogen was comparable to that from 
beryllium, showing that this is not a 
nuclear phenomenon. By adding two 
lead-glass arrays to the same appa
ratus, the measurement of radiative 
neutral sigma—lambda decays be
came possible. The goal of the sec
ond experiment was two-fold: to 
measure the ratio of radiative to all 
decays, and simultaneously the neu
tral sigma polarization. This result 
should give a handle on the polariza
tion of prompt lambdas. One should 
keep in mind that a high ratio coupled 
with the low analysing power of the 

neutral sigma could dilute the appar
ent lambda polarization. Data analy
sis is proceeding quite smoothly with 
a very clean neutral sigma signal 
seen above background. 

Both quantum chromodynamics 
and constituent interchange model 
calculations will be checked by a 
Brookhaven / Minnesota / South
eastern Massachusetts collabora
tion in a new experiment to measure 
the cross-sections of exclusive two-
body final state reactions at 90° in 
the centre-of-mass system in nega
tive pion-proton interactions. The 
experiment will use a high resolution 
spectrometer and will be able to 
measure the polarization of the de
caying particles in the final state. The 
measurements will be done at inci
dent beam energies of 12, 15 and 18 
GeV, high enough for QCD to be rel
evant, yet at a point where cross-
sections can still permit good statis
tics. The data will augment inclusive 

measurements obtained at higher 
energies. 

A Columbia / Massachusetts / 
Mexico collaboration will be ventur
ing into new territory by building a 
multiwire detector able to select and 
reconstruct, on-line, completely spe
cified exclusive final states at a rate 
of 10 5 per second. The experiment 
will use a high energy neutron beam 
to study omega minus production 
with the aim of exceeding 10 5 ome
gas. 

The Multiparticle Spectrometer 
was used by a Brookhaven / Stony 
Brook / Pennsylvania group to study 
inclusive lepton pair production at 
17 GeV in negative pion-proton colli
sions. Charged particles were 
tracked through the MPS and the 
electrons identified by two lithium 
foil transition radiation detectors and 
two lead scintillator shower count
ers. Evidence is seen for anomalous 
electron pair production between 
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Results for CP-allowed (top) and CP-violating 
asymmetries in kaon decay. These results 
were obtained on-line from an experiment 
using new fast electronics. Note the 
expanded scale for the CP-violating case. 

0.1 and 0.6 GeV. These pairs are not 
accompanied by an excess of pho
tons and are not caused by specific 
particle decays. This production 
seems to be ten times larger than 
that expected from the Drell-Yan 
(electromagnetic) mechanisms. 

Charm production near threshold 
in hadronic interactions is being stu
died by several groups. A Brook
haven / Princeton / Illinois group 
used a two-arm neutral detector to 
measure eta-c production in pion-
proton interactions. The eta-c is 
measured through its decay to two 
gammas. Data analysis is under way 
and the first results are expected 
soon. The MPS experiment also was 
used to search for charm production, 
triggering on D meson decays. No 
signal was found at a sensitivity of 
100 nanobarns. A New York / 
Brookhaven magnetic spectrometer 
is taking data on other charm pro
duction and subsequent decays. 

An upgrade of the MPS is under 
way. All spark chambers are being 
replaced by drift chambers for track
ing and proportional chambers for 
triggering. This will increase its abili
ty to handle higher particle fluxes, 
and with good geometrical accept
ance and resolution will make it more 
efficient for measuring low cross-
section reactions. With the advent of 
QCD and gluons as the binding force 
in strong interactions, the search for 
glueballs is in vogue and the MPS will 
be used for three such experiments. 
A Brookhaven / City College collabo
ration will study single and double 
phi meson production in negative 
kaon and pion interactions with pro
tons at 22 GeV and probe the phi-phi 
spectra for the eta-c resonance with 
a sensitivity of 100 events per nano-
barn. With the assumption that the 
'disconnected' quark diagram in 
double phi production is mediated by 
the exchange of a number of gluons, 
the experiment sees it as a promising 
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way to look for glueballs where the 
hadronic background is greatly sup
pressed. Another collaboration, 
Brookhaven / Florida State / South
eastern Massachusetts, plans to 
hunt glueballs through the produc
tion at low energy and subsequent 
analysis of the E(1420) meson, 
which is now considered by some as 
a good glueball candidate. A third 
group, Notre Dame / Brandeis / 
Brookhaven / City College, plans to 
run with a negative pion beam at 21 
GeV to search for neutral meson pro
duction in neutral final states includ
ing two kaons, with a sensitivity of 
100 events/nanobarn. From spin-
parity analysis they hope to deter
mine if these are quark states or glue
balls. 

The low energy programme com
prises several experiments using 
kaon and antiproton beams at mo
menta below 1 GeV. Since the first 
observation of the S(1940) in pro-
ton-antiproton interactions at Brook
haven, this baryonium candidate has 
been the subject of many experi
ments, the results of which have 
been sometimes contradictory. The 
latest effort was carried out by a 
Brookhaven / Case Western group. 
The experiment used drift chambers 
and the time-of-flight technique to 
measure the proton-antiproton elas
tic, total and annihilation cross-sec
tions covering the antiproton mom
entum region from 420 to 680 MeV, 
thus well bracketing the S meson. 
The results are eagerly awaited. 

The hypernuclear spectrometer 
was used by a group from Houston / 
Brookhaven / Torino / Vassar / Car
negie-Mellon to look for sigma hy
pernuclear states through a charge 
and strangeness exchange reaction 
on oxygen and lithium targets. The 
lithium data show two maxima cor
responding to a bound state of a 
negative sigma, two protons and 
three neutrons with binding energies 

of 10 and 22 MeV and widths of 10 
and 5-10 MeV respectively, depend
ing on background subtraction. 
Compared to the previous work on 
lambda hypernuclei, this result sug
gests that the negative sigma nuclear 
potential well is about 8 MeV deeper 
than that of the lambda nucleus. The 
oxygen run shows one broad maxi
mum at a binding energy of 15 MeV. 
A new experiment proposes to ob
serve hypernuclear states through 
their gamma ray de-excitation spec
tra using sodium iodide crystals. This 
should improve the energy resolu
tion dramatically compared to the 
present kaon-pion energy difference 
technique. 

Sigmas are the subject of two oth
er experiments, one by Yale / Brook
haven / Mt. Holyoke / Pittsburgh, 
using a polarized proton target to 
study the asymmetry of the decay of 
longitudinally polarized positive sig
mas (produced by kaons bombard
ing polarized protons) into protons 
and gammas. Previous low statistics 
experiments indicated a large parity 
violating asymmetry. The experi
ment expects to obtain a more defi
nite answer. 

The other experiment focuses on a 
precision determination of the nega
tive sigma magnetic moment from 
the measurement of the fine struc
ture splitting of transitions in exotic 
sigma atoms formed by the atomic 
capture of negative kaons. Lami
nated targets and germanium-lithium 
X-ray detectors are used to measure 
the magnetic moment to an accuracy 
of 0.05 nuclear magnetons. The re
sult is eagerly anticipated in view of 
recent hyperon data from Fermilab. 

Preparations for accelerating po
larized protons in the AGS are under 
way. A new zero degree proton 
beamline is nearing completion. One 
group is setting up a polarized proton 
target and a double-arm magnetic 
spectrometer to measure the analys

ing power of proton-proton elastic 
scattering. This analysing power re
flects strongly the structure found in 
differential cross-sections. In addi
tion, these measurements will be 
used to calibrate the proposed polar-
imeters for polarized proton running 
of the AGS. 

The AGS has!20 approved experi
ments. The range of physics repre
sented in these experiments is im
pressive, spanning weak, electro
magnetic and strong interactions. 
More important than this diversity is 
the fundamental nature of so many of 
these experiments and their promise 
of surprise. And surprise is what 
brings us new directions in physics. 

(This material was supplied by 
Yousef Makdisi of Brookhaven's 
Accelerator Department.) 
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Santa Fe Linac Conference 

The 1981 Linear Accelerator Confer
ence, organized by Los Alamos Na
tional Laboratory, was held from 
19-23 October in Santa Fe, New 
Mexico. The surroundings were su
perb and helped to ensure a success
ful meeting. There were more than 
two hundred and twenty partici
pants, with good representation 
from Japan and Western Europe. 

The meeting opened with a re
markable reminiscence by Phil Liv-
dahl on the MTA linac project during 
the Second World War which was 
aimed at producing nuclear weapons 
materials. Although classified for 
many years, this project, which was 
terminated after a few years of in
tense accelerator development, had 
long-lasting results in the training of a 
generation of accelerator builders. 
This was a time when new ideas 
could be tested — even if it meant 
the construction of a 12 MHz, 60 
foot diameter drift tube linac, incor
porating drift tubes weighing forty 
tons and with bore holes large 
enough for a man to crawl through. 
This was a time when things could 
get done — over a five year period 
the group, under E.O. Lawrence's 
direction, built four large accelerator 
prototypes from the Mark I to the 
A-48, a 7.5 MeV working deuteron 
linac. And this was a time when suc
cessful machines were built without 
fancy computer programs. 

The Conference was forward-
looking. Very few papers dealt with 
existing operating machines but a 
number of projects and proposals 
were presented which push the state 
of the art in all aspects of machine 
development. 

Several papers reported the prog
ress of FMIT (a 35 MeV, 100 mA, 
100 per cent duty-factor deuteron 
linac being developed for Fusion Ma
terials Irradiation Testing). It is the 
first attempt at c.w. linacs since the 
MTA project and its development is 

Left to right, John Blewett, Lloyd Smith 
and Frank Cole together at the recent Santa 
Fe Linear Accelerator Conference. 

important to future applications of 
linacs such as nuclear fuel enrich
ment which will require GeV beams 
with hundreds of milliamperes of cur
rent. 

The major machine development 
sparked by the FMIT project has 
been the RFQ (Radio Frequency Qua
druple), for which the first ideas 
emerged in the Soviet Union. The 
Los Alamos group enthusiastically 
pushed RFQ development for appli
cation in FMIT and other projects. In 
principle, it offers enormous advan
tages over present linac injector 
schemes, replacing high voltage 
Cockcroft-Waltons, choppers, and 
conventional bunchers while offering 
simplicity and almost 100 per cent 
bunching efficiency. In three to four 
years. Laboratories around the world 
have joined the RFQ development 
effort. Fourteen papers (out of 110) 
from seven institutions were pre
sented on the subject. Specific plans 

are being made to use RFQs in new 
or retrofitted injectors for several 
heavy ion and polarized proton accel
erator projects. 

Another important technological 
advance is the development of rare 
earth permanent magnets, which 
also attracted a number of papers. 
After a modest beginning (the use of 
permanent magnet quadrupoles was 
first proposed at Los Alamos for 
their PIGMI project) and a fear of los
ing the ability to adjust quadrupole 
fields. New England Nuclear Corpo
ration took the bold step of adopting 
this technology for their 40 MeV pro
ton linac constructed for the produc
tion of radiopharmaceuticals. This 
gave impetus to an entirely new 
technology of permanent magnet 
designs — dipoles, quadrupoles, 
sextupoles and adjustable-field sys
tems. The technology is maturing 
and will be used extensively on new 
linac designs. Two commercial com-
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Left to right E.A. Knapp, M.F. Shea and 
J.D. Hepburn at a poster session. 

(Photos Los Alamos) 

panies are producing and selling per
manent magnets. 

Another high point was the ad
vance in understanding beam dy
namics. Since the classic work dur
ing the late 1960s of L. Smith, 
R. Gluckstern, R. Chasman and oth
ers, theorists were at a loss to ex
plain beam emittance growth phe
nomena observed in operating li-
nacs. Typically, factors of two to 
three in emittance growth were 
measured without obvious explana
tion. 

A number of different approaches 
are shedding new light. In particular, 
L. Smith, R. Jameson, I. Hoffman 
and D. Mittag presented papers on 
detailed treatment of beam bunch 
behaviour during acceleration, de
monstrating the effect of space 
charge, mismatching, and tight cou
pling between transverse and longi
tudinal phase spaces resulting in the 
onset of instabilities within the 

bunch. These mismatches and insta
bilities lead to emittance growth that 
appears to be consistent with obser
vation. This work indicates that part 
of the observed beam emittance 
growth can be controlled by properly 
matching the transverse and longitu
dinal particle temperatures within the 
bunch or, to use the newly coined 
term, by 'equipartitioning'. Control 
of emittance growth will be impor
tant as applications of linacs require 
higher beam currents or current den
sities. 

Frank Cole reviewed 'collective ac
celeration' which holds the promise 
of very high field gradients (over 10 
MeV/m). However although the phy
sics principles appear sound and the 
electron ring accelerator (ERA) was 
pushed fairly hard, this concept has 
never been thoroughly demon
strated experimentally. Among the 
many concepts in the USA, the 
Pulselac at Sandia Laboratory ap

pears to have the best chance for 
success and interest in this type of 
linac is sustained, albeit modestly. 

Superconducting linacs, promising 
high gradients and efficiencies also 
generated much interest ten years 
ago but their development was pla
gued by materials problems, con
taminants, magnetic field quenches, 
beam loss quenches and other ha
zards. Nonetheless, superconduct
ing linac cavities met with some suc
cess, particularly as beam separa
tors and heavy ion post-accelerators 
(for raising the energy of beams in 
Van de Graaffs) where beam cur
rents are small. It was gratifying to 
hear two papers from Argonne des
cribing the successful commission
ing of their heavy ion superconduct
ing linac booster. 

Another paper described first 
operation of the 40 MeV New Eng
land Nuclear proton linac after a four-
year construction period. This is no
teworthy on two counts — it is the 
first proton linac built by industry for 
industrial purposes (production of ra
diopharmaceuticals) and it is the first 
using permanent magnet focusing. It 
is too early to assess success but the 
linac's performance will be followed 
with great interest. 

A number of proposed linacs are 
generating good development work. 
The long-standing Chalk River pro
gramme for electronuclear fuel 
breeding using a 300 mA c.w. 1 GeV 
proton linac has led to work on high 
current ion sources, injectors, and 
the low energy front-end, as well as 
disc-and-washer (DAW) structures 
for energies above 150 MeV. C.w. 
accelerators have to deal with high 
current densities, multipactoring, 
thermal effects and the like. A devel
opment project called ZEBRA will 
consist of a 300 mA, 10 MeV front-
end linac which eventually might 
become a demonstration electro-
nuclear breeder. 
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Around the Laboratories 

In similar vein, the most ambitious 
linac project presently on paper, the 
SNQ at Karlsruhe, was presented by 
A. Citron. This is intended to be a 
spallation neutron source primarily 
for neutron scattering research and 
is a 1.1 GeV, 100 mA per pulse, 5 to 
10 duty cycle machine. Most inter
esting was the development of r.f. 
power sources, such as a 325 MHz, 
1 MW klystron. Tests to date indi
cate impressive tube efficiencies in 
excess of 70 per cent. 

Two papers by commercial firms 
described some of the work done to 
improve r.f. power sources, a sub
ject always of great interest because 
future high-current linac costs may 
be dominated by the cost of r.f. pow
er. Development of high power, low 
frequency, gridded tubes at EIMAC 
was described, as well as work at 
Thomson-CSF on high power klys
trons. 

Finally there were reports on elec
tron linear accelerators, where inter
est centres on two relatively new 
developments. A number of techni
cally interesting papers dealt with 
pushing the state of the art in race
track microtrons where a number of 
microtron projects have generated 
fresh ideas. At the other end of the 
spectrum, SLAC is preparing for the 
Single Pass Collider. This presents 
some unique accelerator control pro
blems in the handling of a single 
intense electron bunch. 

The present work and the chal
lenges of new projects promise ex
citing fare for the next Linear Accel
erator Conference in 1984. 

(The Santa Fe Conference summa
ry was given by Pierre Grand, and 
formed the basis for this article.) 

The new proposed location of the 27 km 
circumference LEP electron-positron ring 
at CERN. In contrast with previous proposed 
locations, only 3 km of tunnel passes under 
the Jura mountains to the north-west. The 
existing CERN installations would straddle 
the ring near the point marked ' 1'. The ring 
would pass under the French-Swiss border 
at four places. 

CERN 
The tilting of LEP 
As reported briefly in our January / 
February issue (page 20), further op
timization of the position of CERN's 
large underground electron-positron 
storage ring project, LEP, has led to a 
new proposed location. It has been 
slid further out from under the Jura 
mountains in the west and its plane 

has been tilted so that, to the east, it 
remains in the molasse which is good 
for tunnelling. 

The section of LEP which passes 
deep under the Jura has long been 
recognized as the riskiest part of the 
civil engineering programme. Exper
ience of building the SPS 400 GeV 
proton synchrotron in the under
ground molasse layer surrounding 
the CERN site makes it possible to 
calculate with confidence both the 

CERN Courier, March 1982 61 



A schematic cross-section of the terrain 
around CERN, showing the new proposed 
location (LEP 2) of the LEP ring, now tilted 
even more out of the horizontal. This 
minimizes the distance to be tunnelled under 
the Jura mountains and makes maximum 
use of the molasse rock, good for 
tunnelling. The first proposed position 
(LEP 1) and the existing SPS ring are also 
shown. 

financial and construction-time impli
cations of tunnelling most of the LEP 
ring. 

However in the previous proposed 
LEP location there remained some 
8 kilometres which passed through 
limestone formations of the Jura up 
to 600 m below the surface where 
up to 20 atmospheres of water pres
sure could be expected. CERN itself 
has no tunnelling experience in this 
rock and outside experts warned of 
possible problems, none of which 
were insurmountable but which 
could have introduced delays in tun
nel construction. 

The new location became possible 
on accepting that the accelerator 
could be built on an incline (about 1.8 
degrees). LEP could then be moved 
to the east towards Lake Geneva, 
remaining in the molasse (which falls 
away in the direction of the lake) and 
emerging more from under the 
Jura. 

Instead of 8 km in the limestone, 
the tunnel now traverses only 3 km. 
Also the maximum depth below the 
surface is reduced to 150 m. This 
both reduces the maximum water 
pressure which could be experienced 
(to some 10 atmospheres) and 
makes it feasible to intervene from 
the surface if problems do arise. 

Another advantage is that the ac
cess to the experimental halls at the 
eight beam collision regions will be 
easier. All eight are now in the mo
lasse so that the implications of their 
excavation are known from exper
ience in building the underground 
halls for the proton-antiproton ex
periments at the SPS. The total 
length of the access tunnels and 
shafts is also reduced. 

There are of course some disad
vantages in the new proposed posi
tion. The link with the SPS is not as 
short as before — the length of the 
bypass which could make electron-

proton collisions possible at some 
later date is doubled (although this 
has some advantages also). The tilt
ing of the LEP plane introduces some 
complications for the machine itself 
such as the need for a more sophis
ticated pumping system for the wat
er cooling. 

The selection of the new proposed 
position minimizes the possible 
problems when tunnelling through 
the Jura. Thus the machine construc
tion can be attacked with increased 
confidence. 

Klystrons give 
1 megawatt 
While awaiting final authorization for 
the construction of the LEP electron-
positron storage ring, work on pro
totypes of the major components of 
the machine has obviously been un
der way at CERN so as to optimize 
the design of the ring and to ensure 
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A Christmas present for CERN — LEP, the 
large electron-positron storage ring. This 
genial picture was taken in a mock-up of 
the LEP tunnel (a section with the 
radio-frequency accelerating cavities 
complete with their spherical low-loss 
storage cavities on top) installed in the 
exhibition hall at CERN. Georges Boixader 
and twin sons were on their way to the 
CERN Nursery School next door to play 
Father Christmas for the children. 

(Photo CERN 364.12.81) 

as fast a start as possible in the plac
ing of contracts. 

In some ways the most crucial 
components of the machine are 
those of the radiofrequency acceler
ating system. Because of the in
fluence of the large energy loss due 
to synchrotron radiation from elec
tron and positron beams at high en
ergies, the performance of the r.f. 
will be the dominant factor determin
ing the power consumption and the 
peak operating energy of the ma
chine. 

Construction authorization is for 
'LEP Phase I' which aims to achieve 
50 GeV per beam. To cope with 
higher energies it is presently be
lieved that superconducting cavities 
will have to be used to keep power 
needs to an acceptable level. So re
search and development pro
grammes are under way to build such 
cavities to provide high accelerating 
field gradients with low power con

sumption and giving reliable opera
tion in a storage ring environment. 
Recent results are encouraging and 
there will be further news soon. 

However superconducting cavi
ties are not yet sufficiently mastered. 
LEP Phase I must incorporate 'con
ventional' technology but conven
tional technology pushed hard to im
prove performance. One way fol
lows the novel idea from Wolfgang 
Schnell to install low-loss storage 
cavities and transfer the r.f. power to 
them in the intervals when it is not 
needed for acceleration in the ring 
cavities. Another way is to improve 
the performance of the klystron r.f. 
power sources. 

Tests began at 500 MHz using a 
klystron available from DESY togeth
er with a modified version of the 
PETRA cavity design. Full power 
was achieved over a year ago and 
tuners and couplers were tested. A 
full-scale prototype cavity was then 

operated at the design frequency, 
350 MHz, and was run up to 160 kW 
(compared to the design figure of 
125 kW). A full-scale low-loss stor
age cavity, built in the CERN work
shops, has been added and power 
transfer at the full 125 kW was 
achieved in December. 

Meanwhile two model klystrons 
were ordered from two firms. One 
firm rapidly delivered a vertically 
mounted type while the other will 
soon deliver a horizontally mounted 
type which is closer to the probable 
final design. Towards the end of last 
year, the vertical klystron delivered 
1 MW output power which is be
lieved to be the highest c.w. power 
ever achieved in this frequency 
range. During factory tests in Janu
ary, the horizontal klystron also 
reached 1 MW. 

The higher performance is a con
sequence of the impact of computer 
programming on defining the beam 
trajectories and of more careful tech
nology to avoid overheating in the 
klystron. There is also better instru
mentation of the klystron including 
protective devices which allow the 
power to be turned up without 
worrying. This latest result is another 
cause for optimism that LEP will pro
vide more volts per turn than ever 
achieved before. 

Measuring gluons 
With the mechanisms of weak inter
actions better understood (at least 
for the moment), high energy lepton 
beams are being used as a fine probe 
of hadron structure and have given a 
wealth of information on the quark 
structure of hadrons. However it is 
clear that quarks (and antiquarks) 
carry only about half of the average 
nucleon momentum, the remainder 
being attributed to gluons. 

This significant gluon content is 
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The WA 1 experiment (CERN/Dortmund/ 
Heidelberg/Saclay) has measured the gluon 
distribution of the nucleon from high energy 
neutrino scattering data. Seen here are the 
newly-installed upstream modules of the 
detector with a more elaborate arrangement 
of scintillators, designed to improve the 
space resolution of the produced particles 
and extend the already considerable physics 
contributions from this major SPS 
experiment. 

(Photo CERN 227.12.81) 

expected to contribute to many ef
fects seen in violent hadron-hadron 
collisions and elsewhere. To make 
predictions, it is therefore important 
to know something about the gluon 
content of nucleons. While gluons 
do not contribute directly to lepton-
quark interactions, there are nev
ertheless secondary effects due to 
gluon bremsstrahlung and quark-an-
tiquark pair production which should 
be reflected, via scaling violations, in 
the data. 

Indications of gluon effects have 
been seen before, but now the CERN 
/ Dortmund / Heidelberg / Saclay 
experiment using the neutrino beams 
from the CERN SPS 400 GeV proton 
synchrotron has given for the first 
time a reliable determination of the 
gluon structure of the nucleon. 

The data comes from 94 000 neu
trino and 25 000 antineutrino 
charged-current interactions from 
the SPS narrow (energy) band neu

trino beam together with 35 000 
neutrino and 155 000 antineutrino 
events from the wide-band beam. 
The sum of the neutrino and antineu
trino cross-sections gives the so-
called F 2 structure function, which 
depends on the sum of the quark and 
antiquark distributions. In addition, 
antineutrino data at large energy 
transfers gives a lever on the anti-
quark distribution. 

Through the mathematical convo
lutions of quantum chromodynam-
ics, these quantities are related to 
each other and to the gluon structure 
function, which can be explicitly ex
tracted. It is assumed that four types 
of quark (up, down, strange and 
charmed) are involved, and previous 
results allow the effects of strange 
and charmed quarks to be accounted 
for. The extracted gluon distribution 
does not appear to be too sensitive 
to uncertainties in these heavy quark 
contributions. 

Muonic molecules 
A good example of nuclear physics 
spin-off is the technique of muon 
spin rotation. This uses a highly po
larized beam of positive muons 
which, to the possible indignation of 
accelerator specialists, is made to 
slow down anctactually stop in a tar
get. There the muons begin to pre-
cess in a magnetic field, either ap
plied externally or generated inside 
the target material. A few microse
conds later the muons decay ra-
dioactively, and in doing so have the 
good nature to tell which way their 
spin was pointing — by preferential
ly emitting a positron in that direc
tion. The positron signals, detected 
in scintillator telescopes, monitor the 
precession of the muons in their local 
magnetic environment. 

A great deal of work has already 
been done using these muons as 
magnetic probes in solid state phy
sics (see November 1979 issue, 
page 362), and now the technique is 
also finding use in chemistry. In many 
materials the muons are able to pair 
up with electrons to form 'muonium', 
a hydrogen-like atom with a muon, 
rather than a proton, as its nucleus. 
Like ordinary atomic hydrogen, 
muonium is highly reactive and can 
attack organic molecules, breaking a 
chemical bond and forming almost 
equally reactive 'free radicals'. 

In new experiments at the CERN 
600 MeV synchro-cyclotron, a num
ber of new muonic radicals have 
been produced and studied. Their 
muon spin rotation spectra are 
simpler than those usually expected 
in magnetic resonance techniques 
and may be readily interpreted in 
terms of the radicals' magnetic and 
chemical properties. Some of these 
properties are particular to the novel 
species — for instance there is an 
interesting isotope effect in one of 
the magnetic characteristics which 
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Left to right Ricardo Tedeschi, Steve Cox 
and Alyson Hill at the muon spectrometer 
used in muonium chemistry studies at the 
CERN 600 MeV synchro-cyclotron. 

(Photo CERN 148.1.82) 

shows that the exact shape (or 'con
formation') of the molecule, and its 
modes of vibration or rotation, must 
be altered when a proton is replaced 
by a muon. Other properties are in
trinsic to the original substance. For 
instance measurements of chemical 
reaction rates (in these experiments 
the initial stages of polymerization) 
are made possible, but are not other
wise influenced by the muon. 

It appears from the muon spin ro
tation spectra that there must be oth
er ways, less well understood, in 
which the muon can associate with 
organic molecules. This is being in
vestigated by experiments on a num
ber of substances with different elec
tronic properties. 

One of the members of the colla
boration who initiated these studies 
at CERN is Sir Geoffrey Allen, former 
chairman of the UK Science and 
Engineering Council, now Research 
Director of Unilever. 

FERMILAB 
Injector improvements 
During the recent shutdown for 
Doubler / Saver installation at Fermi-
lab, an extensive programme was 
completed in the Booster accelerator 
to reduce horizontal closed orbit er
rors. The closed orbit errors were 
reduced by approximately a factor of 
two. Preliminary measurements indi
cate a much larger useful aperture in 
the Booster and much more easily 
controlled chromaticity and betatron 
tune working points. Plans call for 
longitudinal and transverse beam 
quality measurements to be made as 
soon as possible after the Main Ring 
is operational. 

Record intensities have already 
been achieved after only brief stu
dies in the Booster. The new record 
is 4.3 x 10 1 3 protons / main ring 
cycle (13 pulses) with 6.7 x 1 0 1 3 pro

tons delivered from the Linac. The 
previous record during the spring of 
1981 was 4.1 x 10 1 3 protons / cycle 
with more than 7 x 10 1 3 protons / 
cycle from the Linac. That record 
was achieved after extensive 
changes were made in the vertical 
closed orbit and a new low level r.f. 
system installed and then only after 
long and elaborate tuning. Before the 
improvement programme was 
started two years ago, the record 
Booster intensity achieved during 
operation with the Main Ring was 
3.45 x 10 1 3 protons / cycle with 
8.3 x 10 1 3 protons / cycle injected 
from the Linac. Further improve
ments in intensity and beam quality 
are anticipated in the near future. 

Modifications have also been 
made on the 8 GeV line from the 
Booster to the Main Ring. This line 
was originally constructed using 
largely standard design main ring 
magnetic elements. That design ne
cessitated some compromises. In 
particular it was necessary for the 
beam to enter one of the principal 
quadrupoles off-centre because of 
the size of the quadrupole. This intro
duced substantial quadrupole steer
ing. That quadrupole has now been 
replaced by a smaller one so that the 
beam now enters on-centre. 

BROOKHAVEN 
Making synchrotron 
light work 
December was a period of major ac
complishment for Brookhaven's Na
tional Synchrotron Light Source. 
First, a beam of electrons survived 
multiple turns in the vacuum ultravio
let electron storage ring. Less than 
24 hours later, synchronized radio-
frequency capture was achieved, 
and then the cycling Booster Syn
chrotron injector began accumula
tive charging of the VUV ring. When 
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The vacuum ultraviolet ring of the National 
Synchrotron Light Source at Brookhaven 
National Laboratory, now confidently 
handling circulating beams. 

(Photo Brookhaven) 

the ring reached the saturation level 
prescribed by the present beam life
time of about two minutes, it had 
attained a current 30 times higher 
than the Booster Synchrotron. 

Following last August's milestone 
of limited circulating beam in the 
VUV ring, NSLS personnel spent 
several months rebuilding a defec
tive Booster Synchrotron main pow
er supply, upgrading the injector to a 
600 MeV ejection energy level, and 
working on the X-ray storage ring 
systems. When the Booster-VUV 
system was again turned on, multi
ple turn survival in the VUV ring was 
somewhat elusive for a while. The 
commissioning process was made 
significantly more difficult by the in
ability of the beam position monitor
ing system and standard current 
monitors to detect the early turns 
during the 'noisy' period caused by 
turning off the fast injection kicker 
magnets. 

To solve these problems, a se
quence of periods of around-the-
clock machine studies was sched
uled. This resulted in a narrowing-
down of the details of the beam 
transfer in the VUV ring and its lim
ited number of turns trajectory. The 
fine structure of the magnet ring field 
distribution was also reexamined, 
leading to a minor modification of the 
ring excitation parameters. 

For the VUV ring, the next step is 
to refine and substantiate the ma
chine parameters, remove the provi
sional aperture limiting beam moni
tors and restore ring pressure to its 
original 1 0 - 9 torr pressure. That 
should increase the present lifetime 
limited current saturation level of 
about 10 mA circulating beam by an 
order of magnitude. 

With these recent accomplish
ments, part of the focus at the NSLS 
can now be shifted back to the furth
er commissioning of the X-ray stor

age ring system. The next planned 
step is to resume machine studies of 
beam transfer into that storage 
ring. 

MICHIGAN 
Superconducting 
cyclotron in action 
In November the 500 MeV super
conducting cyclotron at Michigan 
State University came into operation 
— the first machine of its type to be 
brought into service. Eventually it will 
be used in tandem with an 800 MeV 
superconducting cyclotron, sched
uled for completion in 1985. Togeth
er they will give considerable poten
tial for nuclear physics research to 
the newly created US National Su
perconducting Cyclotron Laborato
ry. Construction of the 500 MeV ma
chine was funded by the US National 
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The coil trim of the 500 MeV 
superconducting cyclotron at Michigan 
State University. The accelerator, first of 
its type in the world, is now in operation. 

Science Foundation, and extensions 
are being funded through the Depart
ment of Energy. (The project was 
described in the March 1981 issue, 
page 63). 

Commissioning began early in 
November, and on the 13 November 
the first internal beam (of carbon 
ions) was obtained. A week later the 
first nuclear reactions were ob
served (using a deuterium beam to 
circumvent vacuum problems) and 
on 24 November the beam was ac
celerated out to full radius at 
500 MeV. The tests were led by 
Merrit Mallory and Edwin Kashy of 
the Laboratory staff, together with 
consultant Jack Riedel. Operation of 
major machine components was as 
anticipated. Ions cleared the intricate 
central region after injection and sta
ble orbits were achieved in the field 
of the superconducting magnet, 
while the r.f. system could accelerate 
the ions in these orbits. 

At the time of writing the vacuum 
system is being improved to push 
the pressure down to 10~7 torr and 
the r.f. is receiving attention to cope 
with unbalanced coupling capacities 
in the central region. Beam studies, 
including extraction studies, will then 
continue. Proposals for experiments 
have been received and the experi
mental programme is expected to 
start shortly. 

(Meanwhile construction of a su
perconducting cyclotron is nearing 
completion at the Canadian Chalk 
River Laboratory. It could be in oper
ation later this year.) 

Henry Blosser, Director of the US National 
Superconducting Cyclotron Laboratory, 
puts a finishing touch to the machine. He 
is seen here between the upper and lower 
pole tips of the magnet installing the 'Dee' 
electrodes (which in this case are shaped 
more like giant commas). 

(Photos MSU) 
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People and things 

Nick Samios 

On people 

The J. Robert Oppenheimer Memo
rial Prize is shared this year by 
Maurice Goldhaber, Brookhaven 
Distinguished Scientist and former 
director of the Laboratory, and 
Robert Marshak of Virginia Poly
technic Institute and State Univer
sity. The Prize is awarded annually 
by the Center for Theoretical Stu
dies, Coral Gables, Florida. 

Italian theoretician and former 
CERN Director Sergio Fubini has 
been awarded the degree of Doc
tor honoris causa of the Science 
Faculty of the University of Heidel
berg. 

Former Los Alamos Theoretical 
Division Leader Peter A. Carruthers 
has been named a Fellow of the 
American Association for the Ad
vancement of Science. 

Nicholas Samios has been ap
pointed Acting Director of Brook
haven National Laboratory. Last 
year he was the Laboratory's 
Deputy Director for High Energy 
and Nuclear Physics. Associated 
with Brookhaven since 1959, Nick 
Samios has participated in many 
famous experiments, notably the 
discovery of the omega minus 
hyperon. His appointment follows 
the resignation of Laboratory Direc
tor George Vineyard, who an
nounced last year his intention to 
return to full-time research. After 
a sabbatical year, Dr. Vineyard will 
become Senior Scientist in Brook-
haven's Physics Department. 

At the beginning of the year, Paul 
Sdding became a member of the 
DESY Directorate. He is responsi
ble for the Research Division and 
takes over the position held for 
three years by Erich Lohrmann who 
is returning to full-time teaching 
and research. 

Paul Sdding (49) studied physics 
and mathematics in Munich and 
Hamburg, where he was a student 
of Willibald Jentschke. He was 
involved in the early antiproton-
proton work with the CERN bubble 
chamber and did his doctorate 
under the direction of Martin 
Teucher. In 1966 he moved to 
Berkeley where he worked in the 
Alvarez bubble chamber group. 

After joining the DESY staff in 
1969 he worked on photo- and 
electroproduction experiments at 
DESY and Cornell and on bubble 
chamber experiments at the CERN 
Proton Synchrotron. When PETRA 
got under way he joined in the 
design and construction of the 
TASSO detector and has since 
been involved in this experiment. 
He has also been teaching at the 
University of Hamburg. 

Paul Sdding 

The Otto Klung Prize 1981 was 
awarded to Gerhard Mack from 
the University of Hamburg, on the 
staff of the II Institute for Theore
tical Physics on the DESY site. The 
prize was established by the late 
Otto Klung, a Berlin merchant, and 
is awarded alternately for physics 
and chemistry. Mack's work on 
quantum field theory and theory 
of elementary particles, in particular 
his ideas on lattice gauge theories, 
has had considerable impact. 

Martin Blume of Brookhaven is one 
of the recipients of the 1981 E.O. 
Lawrence Award for physics. The 
Award was given 'for his definitive 
contributions to the theoretical 
analysis of magnetic phenomena 
in neutron scattering and for his 
work on relaxation and critical phe
nomena. He was also recognized 
for his scientific leadership in solid 
state physics, especially for the 
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Italian President Sandro Pertini (left) has 
awarded the gold medal for Science and 
Culture to Antonino Zichichi (right) in recog
nition of his 'outstanding contributions in 
making and promoting science and culture 
in Italy and abroad'. 

emerging research programme 
based on the National Synchrotron 
Light Source.' 

Among the awards announced by 
the UK Institute of Physics for this 
year are the Duddell Medal and 
Prize to Simon van der Meer of 
CERN, particularly for his work in 
the development of stochastic 
cooling techniques for particle 
beams, and the Maxwell Medal 
and Prize to John Ellis, also of 
CERN, for his contributions to 
gauge theories. The Rutherford 
Medal and Prize goes to Oxford 
nuclear theoretician David Brink. 

Milan Vysocansky 

With the sudden death of Milan 
Vysocansky on 27 December, the 
Institute of High Energy Physics at 
Heidelberg University lost one of 
its most active and highly regarded 
members. After several years of 
research work at Dubna and Bra
tislava, he joined the Heidelberg 
Institute in 1968, where he soon 
became Head of Electronics Divi
sion. As such he went on to play 
an important role in the preparation 
of many experiments carried out 
in his institute's collaboration with 
CERN. His enthusiasm for his work 
and his warm personality will be 
long remembered by his collea
gues. 

Meetings 

From 3-6 May, a 'Workshop on 
Accelerator Orbit and Particle 
Tracking Programs' will be held at 
Brookhaven. The focus will be pri
marily on computer simulation of 
non-linear magnetic effects as they 
influence beam lifetime in storage 
rings. Possible real time applica
tions of these programs will also 
be covered. Further information 
from Max Cornacchia, ISABELLE 
Group, Bldg 902A, Brookhaven 
National Laboratory, Upton, New 
York 11973, USA. 

1982 CERN School of Computing 

The 1982 CERN School of Com
puting will be held from 29 August 
to 11 September in Zinal, Valais, 
Switzerland. This will be the sev
enth such school and will cover 
topics of current interest in com

puting which are relevant to data 
processing needs in high energy 
physics. An impressive list of lec
turers has already been drawn up, 
including representatives from uni
versities and specialized research 
centres. About 80 participants are 
envisaged, drawn from CERN 
Member States or from laborato
ries closely associated with CERN. 
Further information from Ingrid 
Barnett, Scientific Conference Se
cretariat, CERN, 1211 Geneva 23, 
Switzerland. 

50th anniversary of the discovery 
of the neutron 

This year marks the fiftieth anni
versary of the discovery of the 
neutron by Sir James Chadwick. 
To commemorate the event, the 
UK Institute of Physics, in collabo
ration with the UK Atomic Energy 
Research Establishment at Harwell, 
is organizing an international con
ference at Cambridge from 13—17 
September. The conference will 
cover all aspects of neutron 
science, including neutron physics, 
neutron scattering studies, and 

French research and technology minister 
Jean-Pierre Chevdnement (extreme right) 
seen here on a visit to CERN on 18 
December accompanied by (left to right) 
Director General Herwig Schopper, outgoing 
President of Council Jean Teillac and 
Director Robert Klapisch. 

(Photo CERN 285.12.81) 
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One of the rebuilt DORIS-II dipole magnets 
already remounted in the tunnel, showing 
the energy-saving double coil (see 
November 1981 issue, page 397). 

(Photo DESY) 

neutron technology. The first day 
will include a special commemora
tive session with contributions 
from Edoardo A ma Idi, Sir Mark 
Oliphant, Sir Rudolf Peierls and 
Wilfred Lewis. In parallel, there 
will be an exhibition of scientific 
equipment and other items of his
toric interest. More information 
from the Meetings Officer, Institute 
of Physics, 47 Belgrave Square, 
London SW1X 8QX, UK. 

This anniversary will not go un
noticed in the CERN COURIER. 

SLC environment 

The layout of the proposed Stan
ford Linear Collider— SLC (see 
January/February issue, page 8) 
has been changed for environmen
tal reasons. The location of the 
loops bringing the positron and 
electron beams from the end of 

the linac to the collision area has 
been modified so that the main 
experimental hall would be in a 
hollow, rather than on a wooded 
hillside. 

Low energy antiproton workshop 

A workshop on physics with low 
energy cooled antiprotons at the 
new LEAR ring, currently under 
construction at CERN, will be held 
at Erice, Sicily, from 9—16 May. 
Further information from 
U. Gastaldi, CERN, 1211 Geneva 
23, Switzerland. 

Multi-TeV acceleration? 

To stimulate interest in the pro
blems of particle acceleration to 
the multi-TeV range, ECFA is or
ganizing a meeting to review the 

limitations and prospects of both 
conventional and novel particle 
acceleration techniques. It will 
probably take place at Oxford late 
in September. Details will be an
nounced soon. 

Mistaken identity 

On page 448 of our December 
issue, we published a photograph 
which purported to show wires 
being threaded for the new ARGUS 
detector at DESY. Eagle-eyed read
ers spotted the mistake—the pho
tograph was in fact an old one 
showing assembly work for the 
TASSO detector. Not that the de
tectors look that different during 
assembly, it's just that TASSO 
wires were threaded by men, while 
ARGUS wires are being handled 
by women! 
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The backdrop in this stage setting at Fer
milab is one of the large proportional tube 
planes completed by an MIT group for 
the muon hodoscope of the Northern 
lllinois/MIT/Michigan State/Fermilab flash 
chamber neutrino experiment (see page 
51). The construction used extruded alu
minium technology perfected by Tom Lyons 
to achieve the required size. 

(Photo Fermilab) 

1982 CERN School of Physics 

The 1982 CERN School of Physics 
will take place in Cambridge, UK, 
from 5-18 September. The closing 
date for application is 8 April. 
Further information can be obtained 
from D.A. Caton, Scientific Confer
ence Secretariat, CERN, 
1211 Geneva 23, Switzerland. 

OUTSTANDING CAREER OPPORTUNITY 
AS ASSISTANT DIVISION LEADER 

Los Alamos National Laboratory is seeking an experienced professional to 
assist in the management of the research program of the Medium Physics 
Division, which is responsible for the operation of the Los Alamos Meson 
Physics Facility (LAMPF). 

RESPONSIBILITIES 
• Provide advice and guidance in planning and implementation of 

research programs in particle and nuclear physics at LAMPF. 
• Provide in-depth oversight of research programs in their development 

stage and evaluate resource requirements. 
• Participate in setting division goals and priorities with members of the 

senior staff. 
QUALIFICATIONS 
• Very substantial record of accomplishment in particle and/or nuclear 

physics as evidenced by publications in reference journals. 
• Proven ability to interact effectively with professional colleagues and 

supporting staff at all levels is required. 
• Management experience in high technology tasks is desirable. 
• PhD in physics is required or an equivalent combination of professional 

level experience and education. 
The Laboratory, operated by the University of California for the Department 
of Energy, is located in the beautiful mountains of northern New Mexico. 
We provide excellent working conditions and benefits, such as professional 
growth opportunities and 24 days' annual vacation. Los Alamos offers a 
pleasing lifestyle, with small-town friendliness, a pollution-free environ
ment, ample recreation activities, an excellent school system, and low taxes. 
Send resume, in complete confidence, to: N.C. Kimerly 

DIV. 81-CT 
Los Alamos National Laboratory : Los Alamos,New Mexico USA 87545 

An equal opportunity employer operated by the University of California. 
An Affirmative Action/Equal Employer: Women, Minorities, Veterans, 

Handicapped Are Urged to Apply. U.S. Citizenship Required. 

University of California 

UNIVERSITY OF OXFORD 
The Department of Nuclear Physics expects to 
make an appointment to the position of 

research associate. 

The holder will be expected to work on the study 
of deep inelastic muon-nucleon scattering at CERN 
(European Muon Collaboration). 
The appointment is for three years in the first ins
tance with a possible extension for a further two 
years. Salary is on an age related scale of 
£ 6070 per annum at age 24 rising by yearly incre
ments of £ 410. Membership of the Universities' 
Superannuation Scheme is obligatory and involves 
a 6.25 % of salary contribution from the member 
and 1 2 % from the University. 
A research associate may be required to live for a 
period at Geneva and would receive allowances in
cluding rent health insurance and a foreign service 
allowance. Details of U.K. taxation rates may be 
obtained on request. 
Applications, naming two referees, should be sent to: 

Dr. W.S.C. Williams, 
Department of Nuclear Physics, 
Keble Road, Oxford, 0X1 3RH, 
United Kingdom, 

by 5 April 1982. 
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