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Physics for ISABELLE 

Bill Willis puts the case for heavy ion 
collisions at the recent ISABELLE Workshop 
at Brookhaven. 

After the recent successes wi th the 
new prototype superconducting ca
ble magnets, the future of the ISA
BELLE 400 GeV proton-proton stor
age ring project at Brookhaven sud
denly looks much brighter (see Octo
ber issue, page 353). While there is 
lot of work which remains to be done 
before the machine becomes opera
tional, it is not too early to look at the 
physics possibilities which ISA
BELLE will offer when it turns on, 
hopefully in 1987. 

This physics potential was well 
covered during this year's ISABELLE 
Summer Workshop at Brookhaven, 
which attracted some 250 partici
pants. As well as speculating about 
new physics, this meeting also got 
down to some detailed groundwork 
for experimental areas and detec
tors. 

The wide range of physics oppor
tunities offered by the machine's 
high design luminosity (in the 10 3 2 - 3 3 

region) is well reflected in the variety 
of designs for large detectors which 
are emerging. Wi th many exciting 
developments afoot in the fields of 
detectors and data handling, confi
dence is high that a lot of good phy
sics can be extracted. 

Introducing the sessions, work
shop co-chairman Nick Samios un
derlined the attractions of proton-
proton machines — high energy and 
luminosity, dedicated use and a rela
tively large number of available beam 
intersection regions. He pointed out 
the performance of ISABELLE's fore
runner proton-proton machine, the 
CERN Intersecting Storage Rings, 
which has outstripped all expecta
tions and still improves. On the other 
hand proton-antiproton colliders, the 
newcomers to the physics scene, 
cannot rival proton-proton luminosi
ties, and have to share available 
beam time with fixed target experi
ments. 

Samios emphasized that the pri

mary physics goal at ISABELLE is the 
search for the unknown. Rather than 
describing it as offering a new win
dow on physics, Samios preferred to 
view ISABELLE as opening a 'barn 
door' , and likened other approaches 
to 'peepholes'. 

ISABELLE's contributions to phy
sics could cover many existing ideas 
— properties of weak bosons, and 
exploring the source of symmetry 
breaking, whether the long-awaited 
Higgs particles, or 'technicolour' 
effects. Searches could be made for 
extremely heavy new quark-anti-
quark bound states. However the 
detectors would probably have to 
adapt to new and possibly unfore
seen experimental conditions. 

The variety of detector designs 
were covered in sessions organized 
by C. Baltay and H. Gordon. LAPDOG 
is a high resolution spectrometer for 
electrons, photons and neutral pions 
envisaged by a Brookhaven / Brown 

/ Columbia / Stony Brook collabora
tion which has already carried out 
experimental tests of large arrays of 
lead-glass counters. A detector des
ign with uranium plates in a dipole 
field is being prepared by Brookha
ven, Columbia and Pennsylvania. A 
lot of development has already gone 
into the design of a muon detector 
incorporating large drift chambers 
(signal wires 5 m long) by a highly 
international group with physicists 
f rom Europe, Japan and China as 
well as the US. The aim is to achieve 
a mass resolution of one per cent at 
100 GeV. Another effort involves a 
toroidal magnet. 

From the discussions during the 
sessions on large detectors, it was 
concluded that the development of a 
high precision vertex detector to de
tect rare particle decays would be 
useful. Later this year, the ISABELLE 
management will start to consider a 
schedule for proposals to occupy the 
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machine's six beam intersection re
gions. 

Sessions on detector research and 
development were organized by 
T. Ludlam and W. Carithers wi th the 
aim of assessing current detector 
know-how for ISABELLE's high 
event rates and the requirement for 
selective triggers. The usefulness of 
a detector component would be gov
erned by its ability to select and 
record useful data using trigger pro
cessors, and efforts to improve se
lectivity at the detector/processor 
level were deemed important. Calori
meters, the central elements of most 
of the current detector designs, must 
have good spatial and energy resolu
tion at relatively low cost. Improved 
electronics could help wi th specific 
problems for wire chambers and drift 
chambers. Particle identification un
der ISABELLE conditions has its own 
special problems. In all, the require
ments provide a considerable chal

lenge to detector specialists, both in 
the adaptation of existing techniques 
and the eventual use of new meth
ods still at the prototype stage. 

In summary, Samios said that the 
meeting reaffirmed luminosity and 
energy as ISABELLE's big selling 
points. Reactions (whatever they 
might turn out to be) wi th cross-sec
tions as small as 1 0 " 3 5 cm 2 could be 
investigated. Recalling what had 
happened elsewhere, Samios 
pointed out that it is not always the 
earliest accelerator to turn on which 
produces the new results. I t is im
portant to do things right as well as 
fast ' , he declared. 

In addition to the physics objec
tives, extensions of the original ISA-
BELLE idea of proton-proton colli
sions are being put forward. An elec
tron-proton option using 10-20 GeV 
electrons looks feasible and has sti
mulated a lot of interest. Wi th more 
results now coming in f rom heavy ion 

collisions, ISABELLE, like the CERN 
ISR, could eventually find itself being 
used to collide beams of particles 
heavier than protons. Wi th these ad
ditions, ISABELLE could provide in 
Samios' view 'the cornerstone' of 
the US high energy physics pro
gramme. 

Participants at the Workshop had the 
chance to see the construction progress 
for the ISABELLE ring and experimental 
areas. 

(Photos Brookhaven) 
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Relativistic heavy ion research 
at Berkeley 

It is a project matching Ernest 0 . 
Lawrence's relentless enthusiasm 
for pioneering science, which he sus
tained even in the most unpropitious 
times. It would cost at least $100 
million to build at a time when Amer
ican politicians are slicing budgets at 
record rates and demanding accoun
tability f rom Lawrence's legacy of 
'big science'. It departs radically 
f rom recent studies at high energy 
accelerators, in which the interac
tions of six quarks in proton-proton 
collisions are viewed as complex, 
and argues instead for collisions be
tween ultra-relativistic uranium nu
clei that would involve thousands of 
quarks and gluons under conditions 
that hark back to the first few sec
onds of the Universe. 

The project is VENUS (Variable En
ergy Nuclear Synchrotron), a super
conducting collider for relativistic 
heavy ion research (see December 
1979 issue, page 406). It is the most 
ambitious of several proposed facili
t ies, such as Japan's Numatron, the 
USSR's TYS at Dubna, and Germa
ny's SIS at GSI, Darmstadt, for ex
tending the energy range for heavy 
ions beyond the highest available at 
the Bevalac (2 GeV/amu). 

VENUS, with 1 TeV/amu equiva
lent energy for uranium-uranium col
lisions, would open the study of nu
clear and particle physics to a totally 
new range of physical conditions, in 
which the very large energy densities 
customary in high energy particle 
collisions would be produced 
throughout the volume of a large nu
cleus. According to present expecta
t ions, a quark-gluon plasma will be 
produced. Many-body phenomena 
involving quarks and gluons are pos
sible. The study of pions, kaons, hy-
perons, charmed particles, photons 
and lepton pairs produced under 
these unusual conditions should ena
ble the transition to this new state of 
matter to be identified and explored 

A new detector in operation at the Berkeley 
Bevalac to study nuclear reactions. Called 
the 'Plastic Ball', it covers a full solid angle. 
6 m downstream (rear) is the 'Plastic Wall' 
to pick up the most forward reaction 
products. 

(Photo LBL) 

and cast new light on the nature of 
the strong interaction. 

LBL at CERN 

The prospect of this pioneering re
search is tantalizing. LBL scientists, 
impatient to have a first glimpse of 
these new areas of physics before 
VENUS is completed, have also pro
posed using light ions in CERN's ma
chines. One collaboration with GSI 
Darmstadt was proposed to build an 
ion source to produce carbon, oxy
gen or neon ions in the CERN Proton 
Synchrotron and to extend Bevalac-
type experiments to energies several 
times higher. 

In another collaboration, LBL 
joined wi th Los Alamos to propose a 
new linear accelerator for experi
ments at the CERN Intersecting Stor
age Rings using ions in the mass 
range up to argon or calcium. While 
the huge detectors at the ISR, de

signed for proton-proton collisions, 
will be strained up to , and perhaps 
even beyond, their limits to deal wi th 
the large multiplicities of secondary 
particles f rom nucleus-nucleus colli
sions, this programme could give a 
first indication of the physics to be 
opened up by VENUS. 

Meanwhile, back at the Bevalac 

A new chapter in this field is being 
opened at the Bevalac with the instal
lation and initial operation of t w o 
major detector systems (HISS and 
the Plastic Ball/Plastic Wall). In addi
t ion, a project to extend the mass 
range of available heavy ions to ura
nium and to increase the intensity of 
lighter ions is scheduled for comple
tion early next year. 

The Heavy Ion Spectrometer Sys
tem (HISS) fol lows the high energy 
physics tradition of recycling accel
erators, since much of its 475 metric 
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The heart of the new detector at the 
Bevalac, the Heavy Ion Spectrometer 
System (HISS), is this superconducting 
magnet which produces a 3 T field in a 
relatively large volume (2 m diameter, 1 m 
gap). 

ton steel yoke is the old Michigan 
Cyclotron magnet. HISS has a 2 m 
diameter, 1 m gap 3 T magnetic field, 
together with a highly adaptable de
tector system that can be arranged in 
many different ways to suit the ex
perimenter. It is planned to recon
struct the effective mass of corre
lated groups of fragments wi th an 
accuracy of about 1 MeV. This 
should be useful not only in searches 
for exotic phenomena but also in ex
tending conventional nuclear physics 
studies. 

The Plastic Ball/Plastic Wall (a 
GSI/LBL collaboration) is designed 
to cover 96 per cent of the total solid 
angle into which reaction products 
can be emitted. The Plastic Ball is a 
spherical array of 815 pyramidal 
scintillator detectors, each wi th its 
own electronics to identify and 
measure charged particles wi th ener
gies up to about 200 MeV/amu. The 
Plastic Wall is placed 6 m down
stream from the Ball, to detect parti
cles within a few degrees of the 
beam and to identify them by their 
t ime of flight f rom the Ball. Like HISS, 
the Plastic Ball/Plastic Wall is de
signed for the study of extremely 
complex events and is provided wi th 
dedicated computers to cope wi th 
the torrent of information f rom such 
experiments. 

The uranium beams project in
volved the installation of a third injec
tor at the SuperHILAC (the injector 
for the Bevatron in the Bevalac 
scheme) comprising a new ion 
source plus a 750 kV Cockcroft-
Walton and a Wideroe pre-accelera-
tor needed to boost the velocity of 
uranium ions high enough for accept
ance by the SuperHILAC's first tank. 
Experiments have been run wi th light 
ions from the new injector, and pre
liminary tests wi th gold ions look 
encouraging. 

Work began in July to install a tr i 
ple-walled cold-bore liner in the Be

vatron to minimize losses from 
charge-exchange interactions by 
lowering the vacuum from 1 0 ~ 6 to 
1 0 ~ 1 0 torr. The boxlike device, ap
proximately 1 foot by 4 foot , is a 
cryopump that works by freezing out 
residual gas molecules on the cold 
surfaces of its two inner liners. This 
cold-bore design — which does not 
call for the precision assembly of 
printed circuit board and other com
mon materials — eliminated costly 
attention to fabrication, quality con
trol and technician training that a 
conventional all-metal ultrahigh va
cuum liner would have demanded. 
The improved vacuum will allow 
uranium beams to be accelerated to 
an energy of 1.1 GeV/amu, extend
ing the available mass range of pro
jectiles above the presently available 
iron ions. 

What justifies such enthusiasm for 
the future? When the Bevalac 
started, critics said that nothing 

could be learned because of the com
plexity of the interactions — it would 
be impossible to measure interac
tions in which hundreds of second
ary particles were produced. They 
also said that, theoretically, such 
events would reflect only triviality 
since at these energies the nuclei 
would be almost transparent to each 
other and physics would consist only 
of nucleon-nucleon collisions con
fused by the Fermi motion of the 
nucleons within the nuclei. 

On the other hand, enthusiasts 
pointed to exciting possibilities for 
new forms of nuclear matter, espe
cially density isomers and pion con
densates. After several years of ex
periments the critics have been con
founded, the enthusiasts have been 
taught caution and international in
terest in this kind of research has 
intensified. 

The most encouraging result 
f rom the Bevalac, and Dubna's 
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Installation of the cold-bore liner now under 
way at_ the Bevatron to achieve a vacuum 
of 10~10 torr so as to minimize losses from 
charge exchange interactions. The improved 
vacuum will allow uranium beams for the 
SuperHILAC to be accelerated to an energy 
of 1.1 GeV/amu, and thus extend the 
available mass range of projectiles beyond 
iron ions. 

(Photos LBL) 

Synchrophasotron, is that things are 
simpler than anyone had a right to 
expect. There is a clear distinction 
between participant and spectator 
parts of the interacting nuclei. In each 
collision, the two nuclei (seen by an 
observer looking in the beam direc
tion) partially eclipse each other. The 
overlapping, or participant, regions 
fuse to become a hot fireball which 
spits out pions, kaons, and lambdas 
in proportions that correspond to 
temperatures of more than 100 
MeV. The noninteracting, or specta
tor, region of each nucleus is left 
looking like a nucleus wi th a piece 
bitten out of it. The decay fragments 
of the spectators continue primarily 
in the beam direction (projectile frag
ments) or remain nearly at rest in the 
laboratory (target fragments). 

It is possible (by using trigger de
tectors downstream from the target 
which are sensitive to the projectile 
fragments, or by multiplicity detec
tors sensitive to the breakup parti
cles from the fireball) to select events 
wi th given impact parameters. Im
pact parameter has thus been added 
to the variables under control, in ad
dition to target mass, projectile mass 
and bombarding energy. The interac
tions which have target and projec
tile of equal mass and an impact pa
rameter of zero (head-on collisions) 
are particularly interesting because 
many theories then take on an espe
cially simple form. 

The major conclusions drawn so 
far are: 
— Head-on collisions of equal mass 
nuclei frequently lead to complete 
disintegration of both target and pro
jectile, together wi th emission of 
about twenty pions. 
— In collisions of light nuclei wi th 
lead or uranium, it appears to be pos
sible to absorb all the projectile ener
gy into the target nucleus. The ura
nium nucleus is thus not only opaque 
to the projectile but capable of bring

ing it completely to rest, prior to sub
sequent breakup of the whole en
semble. 
— Coulomb effects can be very im
portant. For example near projectile 
velocity, the Coulomb interaction be
tween the projectile fragments and 
produced pions enhances the nega
tive to positive ratio to 50 to 1, even 
for a projectile as light as neon. For 
light nuclei incident on uranium the 
dominant breakup mode in the pro
jectile fragmentation region is due to 
electromagnetic effects. 
— No evidence has been seen as 
yet for such exotic phenomena as 
density isomers or pion conden
sates, but the signatures for such 
effects have been defined much 
more precisely as a result of the inter
play between theory and experi
ment. 

However last year a phenomenon 
was observed that, if confirmed by 
independent evidence, may be 
stranger than either density isomers 
or pion condensates. A team from 
LBL, Canada, and the University of 
Marburg studied collisions of 1.8 
GeV/amu iron ions in emulsions. 
They observed that some nuclear 
fragments near the beam direction 
have unusual properties — six per 
cent of them have about ten times 
the normal propensity for further in
teractions with emulsion nuclei. Fur
thermore, fragments from these sec
ondary interactions include an even 

higher percentage with anomalous 
behaviour. 

The phenomenon was observed 
for a wide range of nuclei and it is 
assumed that the fragments have 
some new behaviour. Could it be a 
new quark configuration of nuclei? 

Lawrence would have relished this 
mystery. Asked what he would find 
wi th one of his planned cyclotrons, 
Lawrence one responded 'if I knew 
the answer, I wouldn' t have to build 
it '. Further experiments on this topic 
will have first priority wi th the up
graded Bevalac next year. 

(This article was prepared in the 
Nuclear Science and the Accelerator 
and Fusion Research Divisions at the 
Lawrence Berkeley Laboratory. See 
also the story on page 402 describ
ing medical uses for heavy ion 
beams.) 
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Around the Laboratories 

DESY 
PLUTO returns 
On 9 September 1981 the PLUTO 
detector was reinstalled in the north
east hall of the PETRA electron-posi
tron storage ring. It took the place 
occupied since January 1980 by the 
CELLO detector. 

PLUTO is now a very different de
tector to the one which ran at PETRA 
in 1978 /79 . The t w o forward-back
ward spectrometers have been sub
stantially improved. Only the central 
part of the detector wi th its solenoid 
magnet, wire chambers and shower 
counters has not been changed. In 
the two cones around the beam axis, 
new magnetic spectrometers have 
been added to analyse the momenta 
of charged particles emitted at an
gles between 5 and 15 degrees. The 
trajectories are determined by drift 
chambers and additional information 
is provided by Cherenkov and t ime-
of-flight counters. The shower 
counters already used during the 
1979 PETRA runs to monitor lumi
nosity and to identify electrons were 
reinstalled and can cover angles 
down to 1.4 degrees. Behind them, 
big drift chambers and iron absor
bers identify muons. 

Better particle detection at small 
angles will substantially improve the 
analysis of photon-photon reactions, 
a field of research which becomes 
particularly interesting at the higher 
PETRA energies. 

In the type of event analysed for 
these studies, the incident electron 
and positron radiate virtual photons. 
Measurements of the scattered par
ticles give the kinematics of the t w o 

PLUTO, 1981 version, with upgraded 
forward spectrometers, consisting of 
analysing "septum" magnet (SM), drift 
chambers, Cherenkov counters (CC) and 
"small" and "large" angle tagging shower 
counters (SA T and LA T). The long 
quadrupoles (QP) are part of the mini beta 
focusing system of the PETRA ring. 

A view of one of the two new 80-ton 
septum magnets of PLUTO. It analyses the 
momentum of charged particles emitted at 
angles between 5 and 15 degrees to the 
beam. 

(Photo DESY) 
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Work in progress on the new smooth 
vacuum pipe to he installed in the mini beta 
quadrupoles of DORIS-II. The four long 
boxes seen on the outside of the chamber 
will house distributed pumps. 

(Photo DESY) 

photons which collided at the inter
action point. 

A particularly interesting situation 
arises when only one of the scat
tered particles is detected. Since all 
directions down to 1.4 degrees are 
covered by shower counters able to 
recognize electrons, the second par
ticle must have escaped at an even 
smaller angle (practically through the 
beam pipe). For such small angles, 
the emitted photon is 'nearly real' 
and this type of reaction can be used 
to probe the hadronic properties of 
the free photon. Most particles pro
duced in photon-photon collisions 
are emitted (in the laboratory) at 
small angles, due to the high speed 
of the centre of mass of the t w o -
photon system and are detected in 
the t w o new spectrometers. 

Previous photon-photon results 
f rom PLUTO clearly confirmed that 
the photon behaves like a vector 
(rho) meson. In terms of the quark 
model this means that the photon 
can transform itself into bound 
quark-antiquark pairs (mesons), as 
described by the 'Vector Meson 
Dominance Model ' VDM. However 
when a nearly real photon interacts 
wi th a highly virtual one, a new type 
of reaction appears to be dominant in 
which the photon dissociates into a 
pair of ' free' quarks. 

A first sample of such photon-pho
ton events (with low statistics) was 
analysed by the PLUTO group and 
has been presented at recent confer
ences (see October issue, page 
350). The appropriate cross-section 
can be well explained by quantum 
chromodynamics provided that the 
coupling constant for strong interac
tions is correctly chosen. The back
ground of other processes (VDM 
type) is small and calculable. These 
two-photon reactions provide an ex
cellent means of investigating the 
strong forces acting between 
quarks. Unlike most other quark 

reactions, they are directly accessi
ble by quantum chromodynamics 
calculations and provide an excellent 
test-bed for the theory. 

(PLUTO is an Aachen / Bergen / 
Glasgow / Hamburg / Heidelberg / 
Maryland / Rome / Siegen / Tel-Aviv 
/ Wuppertal collaboration.) 

Crystal Ball for 
DESY 

The Crystal Ball detector is 
to be moved from its present 
home at the SPEAR electron-
positron ring at SLAC and 
installed in the new DORIS-II 
ring at DESY. Crystal Ball is 
a non-magnetic detector con
taining a segmented array of 
sodium iodide crystals sur
rounding the interaction re
gion, giving good gamma ray 
coverage. At SPEAR, it has 
already done sterling work 
on charm and charmonium 
physics, and the hope is that 
at the revamped DORIS ring 
it will make substantial con
tributions to the spectroscopy 
of hidden beauty particles, 
including the upsilons. The 
Caltech / Carnegie-Mellon / 
Cracow / DESY / Erlangen 
/ Florence / Hamburg / Har
vard / Nijmegen / Princeton 
/SLAC/ Stanford / Wurz-
burg collaboration now using 
the Crystal Ball envisages a 
seven-week run at SPEAR 
to take data in the J/psi re
gion before ceasing operation 
on 21 December. The detec
tor will then be shipped to 
Europe in time for the start 
of operations at DORIS-II next 
summer. 

DORIS-II 
new storage ring in 
an old tunnel 
Starting on 2 November, the t w o 
existing rings used for storing elec
trons and positrons in the DORIS 
machine will be dismantled and re
built as 'DORIS-H' wi th a single ring. 
The main objectives are to improve 
the luminosity by an order of magni
tude, to increase the beam energy to 
5.6 GeV in order to cover more of the 
beauty region and to halve power 
consumption - an important econ
omic issue. The extra 5 million DM 
needed for this project eventually will 
be recouped by the electricity sav
ings, estimated at about 2 million DM 
per year. 

In the 10 GeV total energy region, 
DORIS-II will be able to span the 
upsilon (hidden beauty) mesons, like 
the CESR storage ring at Cornell. 
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A section of the mini beta quadrupoles to 
be installed at the revamped DORIS-II 
electron-positron ring at DESY. The two 
interaction regions will be occupied by 
the new ARGUS detector, now being 
assembled, and the Crystal Ball from SLAC. 

Two big collaborations are preparing 
to start data taking at DORIS-II next 
summer. One uses the new ARGUS 
universal detector, which is being 
assembled at DESY. It will take the 
place previously occupied by LENA 
(and before by PLUTO) at DORIS. 
The second is the wel l -known Crys
tal Ball detector f rom SPEAR which 
will be shipped to Europe and replace 
DASP-2 in the DORIS ring. These 
t w o groups will cover an interesting 
physics programme. 

To achieve higher luminosity wi th 
DORIS-II, a kind of mini beta 
scheme, similar to the one applied at 
PETRA (see July/August issue, page 
237) has been prepared. New qua
drupoles, to be placed just 1.18 m 
from the interaction points, are alrea
dy waiting to be installed. They will 
provide vertical focusing, while the 
old pairs of big quadrupoles on each 
side of the interaction region will be 
used in their original position for hori

zontal focusing. In addition, another 
quadrupole will be placed behind 
each of them, providing further verti
cal focusing. Thus four triplets of 
quadrupoles will give the required 
mini beta beam waist. The calculated 
new luminosity is a factor of ten high
er than the present one. 

The accumulated luminosity over a 
period of time will profit f rom a new 
injection scheme. The injection chan
nels will be rebuilt to allow injection 
at any required DORIS-II operating 
energy up to 5.6 GeV. Electrostatic 
beam separators will avoid beam-
beam interactions at injection time 
(there are no such separators at pre
sent). New kicker magnets wi th 
shorter pulses, provided by new 
generators and new septum mag
nets, will also improve the injection 
process. In addition to all these new 
devices, a new vacuum chamber will 
replace the quite complicated old 
one. The new stainless steel pipe is 

smaller in diameter and much 
smoother inside, where unwanted 
high frequency resonant 'cavities' 
must be avoided. Further optimiza
tion of the beam will be made possi
ble by the installation of position 
monitors, similar to those success
fully used at PETRA. Thus the new 
design of the beam pipe includes 
many developments made in the ten 
years since the original DORIS ring 
was built. 

In 1978 during the hunt for the 
upsilon particles, the DORIS beam 
energy was pushed just over 5 GeV. 
Most of the magnet yokes are well 
into the saturation region at such 
energies and a further field increase 
is not possible. Now the magnets are 
being dismantled and rebuilt using 
shims to reduce the gap from 78 to 
60 mm. Horizontal width will be 
somewhat smaller, so that the mag
netic field can be increased to attain 
5.6 GeV beam energy without signif-
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At the recent Linear Collider Workshop at 
SLAC, Burt Richter displays some of the 
magnet laminations for the proposed 
machine. These magnets could be so small 
that Richter is seen placing actual lamination 
designs on the overhead projector. 

(Photo Joe Faust) 

icant saturation effects. Some iron 
will be added to the return yokes to 
double the space left for coils. In this 
space the coils f rom the dismantled 
second DORIS ring will be added. 
Power consumption will thus be re
duced to about 30 per cent of its ori
ginal value. New shimming of the 
quadrupoles will reduce their power 
consumption to only 22 per cent of 
the present value. The high frequen
cy system will use more power when 
5.6 GeV operation is required and 
the overall consumption is expected 
to be reduced by half. A further re
duction is expected when the five-
cell PETRA-type cavities used at 
present are replaced by the newly 
developed seven-cell ones. 

The DORIS—II ring will be at the 
same height as the previous upper 
DORIS ring and the synchrotron radi
ation research (using some 25 chan
nels) will not be affected. The old 
lower ring will be replaced by dummy 
supports. The vertical beam deflec
tion feature used in DORIS will re
main. This lowers the t w o interaction 
points (now 200 instead of 4 0 0 mm) 
wi th respect to the rest of the orbit 
and reduces background in the t w o 
high energy experiments. The detec
tors can be shielded f rom the back
ground, which is mainly contained in 
the higher orbit plane. 

The DORIS-II project is under the 
direction of Klaus Wil le, who is also 
the author of most of the proposed 
modifications. The time schedule is 
extremely tough and it will require a 
major effort to finish everything by 
May, when ARGUS, Crystal Ball and 
the many synchrotron radiation us
ers will be anxious to exploit the new 
improved beams. 

Already DORIS has proved to be a 
highly cost-effective physics invest
ment and DORIS-II will surely add to 
the impressive list of discoveries 
made at DESY. 

STANFORD 
Linear collider physics 
Over a hundred physicists met at 
SLAC in the summer to review phy
sics opportunities for the proposed 
SLAC Linear Collider - SLC. In this 
project, high energy electron-posi
tron collisions would be achieved by 
accelerating electrons and positrons 
to 50 GeV in the (improved) linac and 
bending the beams round to collide — 
once only. 

At the meeting, Burt Richter first 
reviewed current SLAC machine de
velopments and future plans. A new 
sector of the main linac has been 
tested. Bunches of more than 1 0 1 1 

electrons have been injected and 
their acceleration studied. The plan 
now is to equip more of the linac, and 
to construct the damping ring 
needed to store the positrons for the 
SLC. This ring is scheduled to be rea

dy for testing next October, and to 
feed the linac early in 1983. One use
ful by-product will be a ten-fold in
crease in the positron current for the 
PEP electron-positron storage ring. 

On the physics side, Chris Llewel
lyn-Smith described the more and 
the less orthodox physics expected 
at 100 GeV. Standard physics cov
ers electroweak and quantum chro-
modynamics predictions, wi th ques
tion marks over Higgs particles, 
quark confinement, further quarks 
and leptons, and evidence for possi
ble larger unification schemes. Less 
conventional ideas include technicol-
our, composite bosons and quarks, 
and supersymmetry. 

On the detector front, presenta
tions covered current construction 
techniques, as exemplified by the 
Fermilab proton-antiproton collider 
detector design, and new ap
proaches, including new chamber 
materials, scintillating fibres wi th av-
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The detection capabilities of the CHARM 
neutrino experiment at CERN have been 
extended by the addition of planes of 256 
streamer tubes of cross-section 1 cm2. 
This improves the spatial resolution for 
measuring the showers of particles 
produced. 

(Photo CERN 361.5.80) 

alanche photodiode readout, and 
multi-electrode silicon detectors. 

The SLC Workshop (see June is
sue, page 199) includes a number of 
working groups charged wi th look
ing into various aspects of the ma
chine's exploitation. The recommen
dations of the (main) interaction re
gion group should soon appear. 
Another group is looking at the pos
sibility of using a second detector. 
Other topics being studied include 
polarized particles, and possible de
tector technologies, including data 
handling requirements. The tracking 
group is favouring low field, large 
radius cylindrical drift chambers and 
secondary vertex detectors matched 
to the small beam size of the SLC. 

The next full meeting of the SLC 
Workshop is scheduled for 17—19 
December. 

CERN 
The weak interaction 
under the microscope 
These days, high energy lepton 
beams (neutrinos, muons or elec
trons) are frequently used as fine 
probes of nucleon structure to glean 
more information about the quark-
gluon forces at work inside hadrons. 
However lepton beams also provide 
insights into the weak interaction — 
better understood but still far f rom 
being a closed book. 

The first experimental observation 
of a weak interaction through the 
neutral current came in 1973 when 
an example was seen in the CERN 
Gargamelle bubble chamber of the 
elastic scattering of an antineutrino 
off an electron. 

This was something of an acci
dent, as most neutral current events 
are in fact due to interactions wi th 
nuclear constituents, rather than 
atomic electrons. However when it 

comes to analysing the behaviour of 
the neutral current, the more plentiful 
collisions involving the complex nu
clei of experimental targets are much 
more difficult to analyse than the 
scattering of neutrinos off leptons. 
These reactions provide a very clean 
way of studying the neutral current. 

The wor ld 's stock of antineutrino-
electron scattering data, previously 
dominated by bubble chamber re
sults, has received a significant 
boost f rom the CHARM (CERN / 
Hamburg / Amsterdam / Rome / 
Moscow) experiment using the high 
energy neutrino beam in the Wes t 
Experimental Area of the CERN SPS 
400 GeV proton synchrotron. 

The CHARM detector was specifi
cally designed for neutral current 
work, combining the features of a 
traditional hadron calorimeter wi th a 
fine-grained matrix of scintillation 
counters and drift tubes (see 
July/August issue, page 252). In this 

way the direction, as well as the 
energy of the produced shower can 
be measured. The targets are slabs 
of marble, which simplifies the iso-
spin analysis and provides a good 
medium for studying muon polariza
t ion. 

Neutrino-electron events are ex
pected to be several orders of mag
nitude rarer than neutrino-nucleon. 
From a painstaking analysis of some 
million and a half antineutrino events 
producing showers wi th energies 
larger than 2 GeV, the CHARM ex
periment carefully sifted out some 
70 events which can be attributed 
specifically to antineutrino-electron 
scattering. 

The corresponding calculated 
cross-section gives a value for the 
'Weinberg angle' — one of the basic 
parameters of the electroweak theo
ry — which is in agreement wi th ana
lysis of results f rom neutrino-hadron 
collisions. Wi th these latter studies 
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reaching their maximum sensitivity 
for this kind of work, it looks as 
though neutrino-electron scattering, 
together wi th results f rom electron-
positron annihilation in storage rings 
(see October issue, page 349), will 
provide the new precision results 
needed to probe the electroweak 
model further. 

Despite being more difficult to 
analyse than purely leptonic interac
tions, the more abundant neutral cur
rent interactions on nucleons still 
provide useful information. Unlike its 
charged counterpart, the weak neu
tral current is not uniquely left-
handed. The standard electroweak 
theory predicts what should happen. 
The CHARM experiment has pro
vided differential cross-sections for 
both neutral and charged current in
teractions which show that the neu
tral current is well behaved. It cou
ples to strange quarks wi th the same 
strength that it couples to the lighter 
down quarks, and its right/left cou
plings are as expected. 

Upstream of the CHARM experi
ment in the CERN neutrino beam is 
the big detector of the CERN / Dort
mund / Heidelberg / Saclay collabo
ration. Charged current neutrino in
teractions in this calorimeter pro
duce high energy muons, whose 
subsequent behaviour can be stu
died by the CHARM apparatus. 

The idea is to measure the polari
zation of the muons and so obtain the 
spin dependence of the charged cur
rent neutrino interactions. A t low en
ergies, such as those encountered in 
nuclear beta decay, the neutrino 
spins left-handedly. Muons emerg
ing from neutrino interactions should 
inherit this handedness. While this 
has been confirmed for lower energy 
muons, the exact behaviour of weak 
interactions at much higher energies 
was less well known. 

The kinematical behaviour of the 
muon polarization, f rom interactions 

on nucleon targets, measured by the 
CHARM experiment provides an acid 
test of the structure of the weak 
interactions. Other information 
comes from the observed levels of 
inverse muon decay, in which a neu
trino hits an electron target and pro
duces a muon, and from reactions 
giving t w o opposite sign muons. To
gether, these results show that the 
standard picture of charged current 
weak interactions now holds good 
from the tiny energies of nuclear beta 
decay to the GeV range covered in 
high energy experiments, even under 
kinematical conditions which favour 
other spin effects. 

These results from the CHARM ex
periment have been presented re
cently by F. Busser at the Hawaii neu
trino conference and G. Barbiellini at 
the Bonn lepton/photon sympo
sium. 

Booster still boosting 
The 22-year old CERN Proton Syn
chrotron has consistently risen to the 
new tasks it has been assigned over 
the years. It is the universal source of 
particles of many types and in many 
modes. One of the important factors 
in this series of successes has been 
the grafting on of the four-ring 
800 MeV booster to the PS injection 
system. This year, the Booster, 
aided and abetted by good perfor
mance from the linac, has attained 
new intensity records and has played 
an important role in providing the 
right kind of proton bunches for the 
new antiproton scheme. 

The intensity records fol lowed a 
programme of improvements which 
aimed to double the initial design f ig
ure of 1 0 1 3 protons per pulse. (The 
improvements aimed to raise the 
space charge limit and avoid beam 
blow-up. They included operation at 
a different working point, stopband 
compensation, bunch shaping, and 

increased acceptances in the rings 
and the transfer line to the PS.) Beam 
stability was increased by a feed
back damping system and reduced 
r.f. cavity impedance. Octupoles re
placing a Landau damping system 
reduced the beam size, which also 
helped the transfer efficiency. 

Wi th thgse manoeuvres com
pleted the Booster reached 2.4 x 
1 0 1 3 earlier this year and exceeded 
the expectations wi th such style that 
it was decided to continue to push 
for higher intensity. A new goal of 3 x 
1 0 1 3 has now been set. A second 
harmonic cavity is being installed and 
a longer beam pulse from the linac is 
being implemented. 

The antiproton project is the main 
beneficiary of these improvements. 
Originally, wi th the lower Booster in
tensity, it was first necessary to 
combine (twice) the beams from the 
rings to give five circulating bunches 
in the PS and achieve the high proton 
density required at the antiproton 
production target (over 1 0 1 3 protons 
within a quarter of the PS circumfer
ence). This beam combination and 
the subsequent transfer of the over
sized beam into the PS lead to un
avoidable losses and machine irra
diation. Wi th the higher Booster in
tensity these losses are eliminated 
because beams from two of the 
Booster rings suffice for antiproton 
production. 

After extensive modifications of 
the main Booster power supply, ad
dition of a 6 MVA reactive power 
compensator and replacement of 
number of other supplies, a short
ened cycle (0.65 s repetition t ime, 
0.32 s rise time) is now possible. An 
intermediate version (0.84 s repeti
t ion t ime, 0.4 s rise time) will be used 
at first to achieve energy savings of 
some 1.5GWh/year. Another by
product is that the waste heat f rom 
the upgraded air-conditioning plant 
is used for space heating. 
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One of the first batch of 190 000 
photographs from the new rapid cycling 
bubble chamber of the European Hybrid 
Spectrometer in the North Experimental 
Area of the CERN SPS. This chamber can 
make more than 20 expansions per second. 
In order to veto photographs which would 
not contain useful events, an Optical Fiducial 
Volume Trigger has been developed which 
records on diode arrays the track profiles 
across the chamber entry (B) and exit (A). 
These profiles are shown below. The fast 
ESOP processor then decides whether the 
event is useful. 

BERKELEY 
Improving heavy ion 
therapy 
A group at the Lawrence Berkeley 
Laboratory is developing a new ra
dioactive beam diagnostic technique 
to optimize the use of accelerated 
heavy ions in treating cancer pa
tients. 

Unlike the stable heavy ion beam 
actually used for therapy, the ra
dioactive beam gives off radiation 
which can be visualized and thus the 
depth that it penetrates can be meas
ured. On the basis of these measure
ments, radiotherapists can adjust 
the energy of the therapeutic beam 
so that its maximal dose is delivered 
precisely at the depth of the tu
mour. 

For many years, radiotherapists 
have treated cancer patients wi th 
cobalt-60 gamma rays or X-rays. 
Unfortunately these forms of radi
ation generally apply greater do
sages to normal cells at the surface 
than to the tumour cells deeper in the 
body. Heavy ion beams, such as 
neon, have the advantage that they 
can deliver a maximal dose to deep-
lying tumours because they reach 
peak intensity (called the Bragg peak) 
at the end of their range. The chal
lenge is to ensure that the peak coin
cides wi th the tumour region, hitting 
the cells it was meant to destroy. 
The full potential of heavy ion thera
py can only be realized when the 
Bragg peak can be located. 

The radioactive beam technique is 
feasible only at heavy ion accelera
tors, like the Bevalac at Berkeley, 
since its success depends to a great 
extent on the availability of a fairly 
intense radioactive beam and on a 
sensitive detection device. A Posi
tron Emitting Beam Analyzer (PEBA) 
is used as a detector at Berkeley. It 
consists of t w o movable banks. 
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each with 24 sodium iodide crystals. 
The patient on the therapy couch 
would be placed between these t w o 
banks and the separation distance 
adjusted according to the location of 
the tumour. 

When the beam stops in the target 
volume, it emits positrons which 
convert into gamma rays emerging 
f rom the body in opposite directions. 
These gamma rays are detected by 
the crystals to locate the stopping 

region. The radiotherapist then 
needs only to make a simple scaling 
correction to adjust the energy of the 
therapeutic beam to make the stop
ping region and the tumour co
incide. 

Using materials which simulate the 
water, fat and bone content of the 
human body, and using animals, a 
direct visualization of the beam stop
ping point has been obtained. The 
measurements of penetration 

depths have been accurate to about 
1 mm. 

Computerized axial tomography 
(CT) scanners currently used for indi
rect determination of the beam range 
may give errors of several milli
metres. This is too great when criti
cal structures such as the spinal cord 
might lie next to a tumour. Such er
rors may also have severe conse
quences within the brain. 

If the radioactive beam technique 
becomes routinely available, heavy 
ion therapy facilities will be able to 
improve their range estimates. The 
precision of the technique could also 
be useful in other areas of nuclear 
medicine, including a non-invasive 
method for determining the blood 
f low rate in a microscopic region. 

The development is just beginning 
but preliminary findings are very en
couraging. A PEBA is being adapted 
for clinical trials. 

(This information was provided by 
A. Chatterjee, J . Scherer, E.L. Alpen, 
J . Llacer and W . Saunders.) 

A Positron Emitting Beam Analyser (PEBA) 
at Berkeley in position on either side of the 
therapy couch to locate the depth of 
penetration of a radioactive beam of heavy 
ions. The penetration of the ions used for 
cancer therapy can then be made to 
coincide with the tumour region. A 
development programme on this technique 
is under way at Berkeley. 

(Photo LBL) 
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Where are we in particle physics? 
by S. B. Treiman 

Technologically on course — installation 
of superconducting magnets below the 
Fermilab main ring. 

(Photo Fermilab) 

The fourth in a series of HEPAP (High 
Energy Physics Advisory Panel) Sub-
panels, formed from time to time to 
review the status of the US high ener
gy physics programme, last year had 
to confront an unusually wide array 
of opportunities and problems. The 
scientific opportunities and chal
lenges are well known. They spring 
from the prodigious experimental 
and theoretical strides of the past 
decade and lay out the case for a new 
round of accelerator and other facili
ties — to pursue the critical leads 
opened up by the recent develop
ments and, as always, to allow for 
the unexpected. 

A number of delicious possibili
ties, in various stages of definition, 
were in view: the Stanford Linear 
Collider for electron-positron phy
sics at 100 GeV centre-of-mass en
ergy; a Cornell conception for an el
ectron-positron collider at a similar 
energy, based on superconducting 
r.f. technology; possible electron-
proton collider facilities, etc. Nev
ertheless, the prevailing climate was 
such as to focus attention mainly on 
the problems. The problems are also 
well known — the financial ones, 
which increasingly constrain the pro
gramme and utilization of existing 
facilities and the technological ones, 
associated with the large supercon
ducting accelerator projects at Fer
milab and Brookhaven. 

Now the Saver/Tevatron project 
at Fermilab seems technologically 
more surely on course, but there 
have been magnet problems for ISA-
BELLE at Brookhaven and the nation
al financial picture is more constrain
ing than ever. The situation has per
haps fostered a magnified picture 
among US physicists of the vigour of 
the European programme but one 
also imagines — or hopes — that 
the hurdles will, in time, be sur
mounted and that US high energy 
physics will be able to resume its 

traditional place. 
The current difficulties seem to be 

mainly fiscal and technological ; there 
are also problems, shared with Eu
rope, associated with the complex 
sociology of the large collaborations 
that are increasingly called for in high 
energy experimentation. But let me 
set these things aside and turn in
stead to another kind of foreboding 
that has surfaced in certain quarters 
and that generated a great deal of 
heated debate among HEPAP mem
bers in the off hours. 

The recent years of particle phy
sics have witnessed enormous pro
gress, culminating in what seem to 
be very far-reaching synthesis. It is 
this rising curve of advancement that 
testifies to the scientific vitality of the 
field and that makes the case for con
tinuing support. So great is the sense 
of achievement, however, that one 
dares to ask whether perhaps we are 
almost 'there' already. The proposi

tion that we may be almost 'there' is 
of course risky, if not outrageous, 
and even the most forward of the 
proponents of this view qualify it in 
various ways. 

Everyone acknowledges that there 
are crucial tests to be made and 
information to be found in the com
ing round of experimentation; so 
that, given only the resources 
needed to exploit the visible scien
tific opportunities, we surely face 
very exciting times. Moreover, the 
proponents acknowledge, even if 
everything goes as expected, that 
there will remain much more to be 
known than can be revealed in the 
next round of experimentation. In
deed, there are very stirring visions 
about what may lie out there beyond 
the immediately foreseeable do
mains of direct, experimental at
tack. 

The trouble, however, is this : they 
conceive that these farther reaches 
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Assembly of the UA2 detector at the CERN 
proton-antiproton collider — an example 
of the vigour of the European high energy 
physics programme. 

(Photo CERN 84.9.81) 

may lie forever beyond direct exper
imental investigation and that, for 
what can be reached, we may alrea
dy have the basic f ramework in 
hand. 

The goal of our field is an under
standing of the fundamental struc
ture of matter. In discussing our loca
tion along the axis of understanding, 
for present purposes I have in mind 
our grasp of the fundamental laws, 
as distinct f rom a mastery of all the 
implications of those laws for phe
nomena. In principle, until one can 
work out and test a sufficiently wide 
range of predictions, one can't be 
sure that the right foundations are in 
hand. Nevertheless, it is a fact that 
great syntheses are established and 
accepted from time to t ime on the 
basis of vastly more limited evi
dence, at least initially, provided that 
the conjectured theoretical struc
tures look both pretty and consist
ent. A t the start one is not even so 

fussy about consistency, in view of 
the possibility of experimental error 
and/or theoretical refinement. 

When the foundations for some 
domain of science seem to be in 
hand, what is there left to do within 
that domain ? Wel l , plenty! There still 
remain all the rich and varied phe
nomena themselves and the work of 
relating the phenomena to the foun
dations. It is not easy, for example, 
to get to superconductivity straight
away f rom Schrodinger's equation, 
the Pauli principle, and Coulomb's 
law. For some fields there also arises 
the possibility of exploiting the new 
understanding for practical applica
tions. Above all, for those of a cer
tain mentality, there remains the task 
of making trouble for the established 
orthodoxy — by searching for indi
cations of its limitations and thereby 
opening up new fields to be con
quered. 

For particle physics, throughout 

much of its modern history, this t rou
ble-making has been especially easy. 
In the limited domain of electron-
photon physics, the great quantita
tive successes of quantum electro
dynamics had convinced most peo
ple already by the late 1940s of the 
correctness of the general notions of 
relativistic qQantum field theory. A t 
about the same t ime, however, the 
explosive proliferation of new parti
cle types, wi th all their complicated 
interaction chemistry, had set in. 
This explosion of new phenomena 
dominated, and theory, at best, 
could only limp along wi th partial and 
ever-shifting insights and rough pro
visional models. 

Serious visions of a realistic and 
fundamental dynamics receded. 
There was no encompassing ortho
doxy to shoot at. To be sure in corn
ers there were some people toying 
wi th new dynamical ideas — like 
spontaneously broken symmetry 
and non-Abelian gauge theories. The 
possibilities, to those who could fol
low the developments, looked very 
interesting indeed, at least as amuse
ments, but the connections wi th real
ity were still obscure. 

By the early 1960s the one thing 
that was clear to most people was 
that the different hadron species 
were already far too numerous for 
any of them to be regarded as funda
mental in any reasonable sense; and 
the idea of a more parsimonious sub
structure, the quarks, was born, 
though unaccompanied by a serious 
and detailed quark dynamics. One 
could get away with only three quark 
flavours at the t ime. The number has 
since grown ominously to f ive, wi th 
reasonable expectation of at least 
one more — the ' top ' quark. 

Then, by the early part of the last 
decade, the whole outlook for the 
strong interactions began to change 
dramatically. A t SLAC, then sub
sequently at CERN and Fermilab, the 
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The discovery of the neutral current at 
CERN — an example of a testable 
prediction. 

experimental study of deep inelastic 
scattering of leptons by nucleons 
revealed a certain scaling behaviour 
which suggested that the scattering 
takes place off point-like consti
tuents in the nucleon — the quarks 
we now think. The quarks, it ap
peared, behave as if free in these 
high momentum transfer transac
tions. This made for a nice physical 
picture, embodied in the parton mod
el, but at a deeper field theoretic 
level, it was hard to understand what 
was going on. One has to explain 
why the distorting strong interac
tions among quarks become effec
tively unimportant at large momen
tum transfers, or equivalently, at 
short distances. 

This was an important clue to 
strong interaction dynamics. It led to 
the notion of 'asymptotic f reedom', 
the discovery that asymptotic free
dom is uniquely peculiar to non-Abe-
lian gauge theories, and then to the 
widespread focus on Quantum Chro
modynamics (QCD), a non-Abelian 
gauge theory based on the SU 3 co
lour group that had already begun its 
development f rom different origins. 
A look at current issues of any parti
cle physics research journal shows 
that QCD now provides an ortho
doxy for the strong interactions. 

Similarly for the weak interactions, 
by the late 1960s there was a whole 
new outlook based on a pulling to
gether of ideas drawn from earlier 
investigations of dynamical symme
try breaking and, again, on the ideas 
of non-Abelian gauge theory. The 
new picture absorbed the phenome-
nologically successful current-cur
rent structure of the weak interac
tions but, at long last, in a serious 
and renormalizable framework. It 
could incorporate the independently-
developed notion of charm and had 
the great merit of predicting testable 
things — neutral current interac
tions. Both charm and neutral cur

rents were subsequently discovered 
and are among the great experimen
tal triumphs of the past decade. Best 
of all, the new picture unified t w o 
hitherto separate classes of interac
t ions, the electromagnetic and the 
weak. 

In QCD, for the strong interactions, 
the various quark flavours all enter on 
an equal footing apart f rom their dif
fering mass parameters. The number 
of different flavour types, and the 
masses, are external inputs to the 
theory. The interactions among the 
quarks are mediated by eight mass-
less gauge bosons — the gluons. 
For the rest, there is only one addi
tional parameter, a renormalization 
scale wi th the dimensions of a mass. 
The basis of the QCD theory can be 
writ ten down in one line, thanks to 
the power of compact notation. But 
that is of course deceptive. It is a 
very long way from this one line of 
formalism to all of the phenomena of 
the strong interactions and although 
the theory is very beautiful in the 
eyes of many beholders, it is also 
ferociously difficult. 

The predictions extracted so far 
are limited, dealing for the most part 
wi th short distance phenomena such 
as deep inelastic lepton scattering, 
electron-positron annihilation at high 
energies and muon pair production in 
hadron collisions. 

Even within these limits, more phe-
nomenological inputs, such as par-

ton distributions, are still needed. 
Nevertheless, there have been suc
cesses and there are as yet no ob
vious contradictions. One can still be 
sceptical — the whole thing could be 
wrong and the successes an acci
dent ; or the theory could be general
ly on the right track but in need of 
serious modification or extension. It 
is not unthinkable, however, that 
QCD is altogether correct for a very 
wide domain of strong interaction 
physics. Internally, at least, it looks 
to be fairly whole and parsimonious. 
In order to form a reliable opinion, 
one will need not only a series of cru
cial experimental probings but also a 
vast development in the art of ex
tracting the implications of the theo
ry. 

For the electromagnetic and weak 
interactions, one deals wi th leptons 
as well as quarks. A t its beginnings, 
the unified electroweak scheme ap
peared as a rather general frame
work, leaving open a variety of pos
sible detailed realizations depending 
on the gauge group, quark and lepton 
content, etc. This is still the situa
tion ; but a simple variant, the so-
called standard model has taken hold 
and seems capable of assimilating all 
the present data. Here the quarks 
and leptons enter in families, each 
family on an equivalent foot ing. T w o 
families are well established and a 
third is almost complete, awaiting 
only the top quark. 
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The PLUTO detector moves into the PETRA 
ring in DESY in 1978, where it was able 
to provide valuable data to test quantum 
chromodynamics. After having been 
succeeded by the CELLO experiment, 
PLUTO is once more in the PETRA ring 
(see page 396). 

(Photo DESY) 

Within each family the members 
enter in characteristically different 
roles. The electromagnetic forces 
are of course mediated by photons, 
the weak ones by charged and neu
tral vector bosons. The masses of 
these bosons are rather sharply pre
dicted in the standard model, in 
terms of already known parameters. 
The predicted masses lie below 
100 GeV and it is one of the exciting 
objectives for the coming round of 
experiments to produce, detect, and 
study these objects — or better yet, 
to find troubles. 

Internally at least QCD looks to be 
fairly whole and well structured. The 
standard electroweak model on the 
other hand looks considerably less 
whole or in final form. Spontaneous 
symmetry breaking gives the quarks 
and leptons their masses, but only in 
terms of other adjustable paramet
ers. There are additional parameters 
as well — various mixing angles in 

the weak currents and the mass and 
self-coupling strength parameter of a 
(still undiscovered) scalar Higgs bos
on that is crucial to the theory in its 
present form. To many people, this 
Higgs particle looks somewhat artifi
cial — a kind of provisional stand-in 
for deeper effects at a more funda
mental level. Altogether, although 
the standard electroweak model 
seems to serve very well for all the 
phenomena presently accessible to 
us, there is a widespread feeling that 
it is only a part of some more com
prehensive structure. 

The overall outlook comes close 
to the ideal for a vigorous science: 
the proliferating phenomena of de
cades at last (perhaps) brought into 
order, at least 'in principle', while at 
the same t ime, there is the almost 
sure indication that we are not yet at 
the bot tom of things — that there is 
yet more out there beyond to be pur
sued. 

But how far beyond? There alrea
dy exist visions which are simulta
neously breathtaking and forebod
ing. The weak interactions are so 
called because the forces are very 
tiny, at least for the domain of ener
gies that have so far been achieved. 
Nevertheless electroweak theory 
unites these disparate interactions in 
a way that suggests that the effec
tive weak forces grow wi th energy 
until the weak and electromagnetic 
forces become roughly comparable 
at energies corresponding to the 
masses of the weak bosons. Then 
there are the hadronic forces which, 
at present energies, are stronger still 
than the others. 

Electroweak and QCD theories sit 
side by side, compatible but sepa
rate. Why not join them together in 
one grand unification picture? Ac
cording to QCD ideas, the strong 
forces, loosely speaking, become 
progressively less strong with in
creasing energy. On a 'grand unifica
t ion ' picture one can make rough 
estimates of the characteristic ener
gy where all the interactions, strong 
and electroweak, become compara
ble. For the simplest versions, at 
least, the answer is about 1 0 1 5 GeV. 
Out there we would encounter all 
kinds of new physics, new gauge 
bosons, etc. 

In the nearer future, we will get to 
the 1 0 3 GeV region, wi th excitement 
enough in pursuit of the weak bos
ons, the elusive Higgs or its dynami
cal equivalent, the top quark and per
haps still other quarks and leptons. 
The immediate issue will be whether 
everything falls in wi th the standard 
ideas of QCD and electroweak theo
ry. Even if it does, the standard pic
ture is in part only a framework, 
whose quark and lepton (and Higgs) 
content is still open. There will be 
much to be learned even at the mod
est 1 0 3 GeV level. 

But one also wants to extend the 
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foundations and we are certainly not 
going to build 1 0 1 5 GeV colliders 
(not even in Europe). Is there any way 
we can get an indirect glimpse of this 
new physics at the far lower energies 
that will be accessible to us ? For that 
matter, is there anything beyond just 
aesthetics that suggests grand unifi
cation? As to the latter question, 
there is already at least one impres
sive empirical indication: the sim
plest grand unification models give a 
good quantitative explanation of the 
Weinberg angle, a parameter that is 
well measured but that is unex
plained within the standard elec
troweak model. 

The simplest schemes lead to the 
expectation of baryon nonconserva-
tion and the instability of the proton. 
The predicted lifetime is about 1 0 3 1 

years, give or take perhaps one or 
two powers of ten. A number of 
experiments are now under way in 
search of proton instability. The 
stakes are obviously very high. 

The establishment of non-zero 
neutrino masses, directly or through 
observation of neutrino oscillations, 
may also bear indirectly on the new 
physics of grand unification. Present 
evidence is not conclusive. More
over baryon nonconservation, taken 
together wi th the violation of com
bined charge and parity symmetries, 
opens up the possibility of dealing 
with one of the great outstanding 
problems of cosmology, the asym
metry between matter and antimat
ter in the content of the universe. The 
estimates are very crude as many of 
the dynamical details and paramet
ers are matters of speculation, but 
the gross order of magnitude looks 
promising. 

Clearly, the idea of grand unifica
tion out at 1 0 1 5 GeV opens up vast 
new vistas. What is foreboding 
about all of this, however, is the pos
sibility that there is nothing funda
mentally new between the imminent

ly accessible 1 0 3 G e V region and the 
exciting prospects of 1 0 1 5 GeV. W e 
may still hope to get some indirect 
glimpses of that new wor ld but the 
evidence is bound to be limited. This 
of course will not stop our theoretical 
brethren from speculating, but wi th
out the restraining and guiding in
fluence of data they are sure to run 
amok. They often do, after all, even 
when there is data. 

There are really t w o questions. Is 
there in fact a 'Glashow desert' be
tween 1 0 3 and 1 0 1 5 GeV? For the 
vast bulk of the phenomena that will 
be accessible to us, do we already 
have the basics in hand wi th QCD 
and standard electroweak theory? 
The HEPAP debaters were divided. 
The theorists, proud of their recent 
accomplishments, tended toward 
the affirmative v iew; the experimen
talists, equally proud, were in general 
full of scorn. 

There is clearly room for caution. 

I owe the fol lowing fragment of his
tory to my colleague A. Pais. It con
cerns Emile Nohel, the son of a Je
wish farmer in Czeckoslovakia, who 
entered the University of Prague in 
1904 and approached Anton Lamp-
fa for advice about his studies. 
Lampfa, Einstein's predecessor in 
the chair of physics, advised Nohel 
against going into physics because 
'all the original work has been done, 
the laws have been established, and 
important new developments are 
not to be expected.' 

Preparations for an underground experiment 
by the Irvine/Brookhaven/Michigan group 
to search for proton decay and other new 
phenomena. This and similar experiments 
will put new physics ideas to the test. 
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People and things 

Hideki Yukawa 

Hideki Yukawa 

Last month saw the death of 
Hideki Yukawa at the age of 74, 
after five years of grave illness 
bravely borne. In 1949 he became 
the first Japanese to receive a 
Nobel Prize. He graduated in phy
sics from Kyoto in 1932 along 
with Sin-itiro Tomonaga, who went 
on to receive the Nobel award in 
1965. His contributions to physics 
ranged over a wide field, covering 
atomic structure, beta decay, nu
clear structure and field theory. 
However he is best known for his 
theory of nuclear forces, first pre
sented in 1934, based on the ex
change of particles predicted to 
be several hundred times heavier 
than the electron. These particles, 
the pions, were discovered in cos
mic ray experiments in 1947, and 
the Yukawa model remained a 
cornerstone of nuclear theory for 

many years. In 1943 he received 
the Cultural Medal, the highest 
award in Japan, and six years later 
the Nobel Physics Prize. 

To commemorate this Prize, the 
Institute for Fundamental Physics 
was set up at Kyoto University, 
and Yukawa remained as Director 
for many years. In 1946 he inau
gurated the journal 'Progress of 
Theoretical Physics' which brought 
Japanese theoretical physics to 
world attention, and was its Editor 
until his death. A visit to CERN in 
the late 1950s impressed on him 
the importance of high energy ac
celerators, an influence which 
eventually led to the establishment 
of the Japanese KEK Laboratory. 
Throughout his life he was a great 
promoter of peace and was a lead
ing figure in a movement to abolish 
nuclear weapons. 

Ettore Pancini 

Italian physicist Ettore Pancini died 
prematurely on 1 September. In 
1946, with Marcello Conversi and 
Oreste Piccioni, he discovered that 
the cosmic ray meson (the muon), 
contrary to general belief at the 
time, could not be the particle pos
tulated by Hideki Yukawa as the 
carrier of the short range nuclear 
force. By establishing that the 
muon behaves as a heavy electron, 
these experiments opened up the 
field of leptonic physics. This work 
also led to the idea of a universal 
weak interaction, and pointed the 
way to the study of mesic atoms. 

After graduating from Padua, in 
1940 Ettore Pancini went to Rome 
to study cosmic ray physics, a 
career which was soon interrupted 
by the war in which he went on 
to play an important role. In 1950 
he was appointed Professor of 
Experimental Physics at Genoa, 
which during his ten year residence 

became a centre of international 
renown. He then moved to Naples. 
An original and rationalistic thinker 
and a gifted experimentalist, he 
continually provided stimulus for 
further research. 

Bruno Tallini 
• 

With the premature death of Bruno 
Tallini in September, the European 
particle physics community has 
lost one of its most active mem
bers. He had been involved for 
more than two decades in bubble 
chamber experiments, dividing his 
time between data taking at CERN 
and film analysis at Saclay. Lately 
he served at CERN as Chairman of 
the BEBC Users Committee and 
then as a member of the SPS Ex
periments Committee. In the last 
few years his interests turned to
wards testing the predictions of 
grand unified theories and he 
played an important role in devel
oping the instrumentation for the 
new underground laboratory being 
built in the Frejus tunnel in France. 

Earlier this year a symposium was 
held at Yale University to celebrate 
the sixtieth birthday of Feza Gur-
sey, well known for his many im-

Maurice Goldhaber (left) was one of those 
who took part in a recent symposium at 
Yale to celebrate the sixtieth birthday of 
theoretician Feza Gursey (right). 
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portant contributions to theoretical 
physics. Among those contributing 
were Y. Nambu, L. A. Radicati, 
M. Klein, F. J. Dyson and M. Gold-
haber. The proceedings of the 
symposium will appear in a forth
coming dedicated Festschrift vo
lume. 

Wolfgang Paul is retiring as head 
of Bonn University's Physics Insti
tute. Soon after arriving at Bonn 
in 1952, he was encouraged by 
Heisenberg to begin construction 
of the 500 MeV (now 2.5 GeV) 
electron synchrotron, the first Euro
pean machine to use the alternating 
gradient technique. At CERN he 
has served variously as Leader of 
Nuclear Physics Division, Chairman 
of the Electronic Experiments Com
mittee, Federal Germany's delegate 
to CERN Council (a position he 
continues to hold) and as both 
member and Chairman of the 

Scientific Policy Committee. At 
DESY, he has been a Director, Pre
sident of the Directorate and Chair
man of the Scientific Council. He 
continues to be active in machine 
development, one of his recent 
achievements being the remarkable 
'neutron bottle' at the Institut 
Laue-Langevin, Grenoble. For 
many years Professor Paul has 
been one of the most influential 
European physicists in ensuring 
support for high energy physics 
and for the CERN and DESY Labo
ratories. The progress of the LEP 
project in particular owes a great 
deal to his commitment. 

Synchrotron radiation news 

At the end of August a circulating 
electron beam was achieved for 
the first time in the VUV (vacuum 
ultraviolet) ring of the US National 
Synchrotron Light Source at Brook-

haven. Commissioning of the 
X—ray ring of the NSLS is immi
nent. 

A group at the University of 
Science and Technology of China, 
Hefei, led by Pao Chung-mou, is 
planning an 800 MeV electron stor
age ring as a synchrotron radiation 
source, it would provide high inten
sity ultraviolet and soft X—rays out 
to about 2 keV. A wiggler magnet 
is being designed to give higher 
energy radiation, extending the 

The new User's Executive Committee at 
Fermilab. Members include; seated Jeff 
Appel (Secretary, Fermilab}, Dick Gustafson 
(Chairman, Michigan), Jim Walker (Fermilab) 
standing — Mike Shaevitz (Columbia), Frank 
Turkot (Fermilab), Mel Schwartz (Stanford), 
Maris Abolins (Michigan State), Sharon 
Hagopian (Florida State), Jerry Rosen 
(Northwestern), Gaurang Yodh (Maryland), 
Larry Jones (Michigan), Tom Romanowski 
(Ohio State). Vince Peterson (Hawaii) is also 
on the Committee. 

(Photo Fermilab) 
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In August, circulating beam was obtained 
in the vacuum ultraviolet storage ring of 
the new National Synchrotron Light Source 
at Brookhaven. To celebrate the occasion, 
NSLS staff posed in front of their building. 

(Photo Brookhaven) 

available range out to about 
WkeV. 

In July, a first section of the linac 
injector operated at 30 MeV. Pro
totype bending and quadrupole 
magnets plus vacuum chamber 
and other components have also 
been built. The site selected near 
the University has space for future 
expansion, such as a 2.5 GeV elec
tron machine for nuclear physics. 

The work is supported by the 
Chinese Academy of Science and 
about a hundred scientists and 
engineers from the University and 
elsewhere are involved. A design 
report for the synchrotron radiation 
facility is being prepared and it is 
hoped to have authorization in 
about six months. The Chinese 
scientists greatly appreciate con
tacts of all kinds with their col
leagues elsewhere. 

Conferences 

From 11—14 January, an Inter
national Colloquium on Baryon 
Nonconservation (ICOBAN) will be 
held at the Tata Institute of Funda
mental Research, Bombay. Over 

fifty theorists and experimenters 
are expected to participate, Topics 
will include present and planned 
experiments on proton decay and 
neutron-antineutron oscillations as 
well as theoretical and cosmolog-
ical aspects of baryon nonconser
vation. Further details from 
Dr. V. S. Narasimham, Secretary, 
ICOBAN, TIFR, Homi Bhabha Road, 
Bombay — 400 005, India. 

From 17—23 February an Inter
national Conference on Instrumen
tation for Colliding Beam Physics 
will be held at the Stanford Linear 
Accelerator Center. It is the second 
in a series which started at Novo
sibirsk in 1977 and will cover re
cent technological developments 
in the construction and operation 
of detectors for colliding beam 
experiments. Further details from 
Ruth Thor Nelson, SLAC Bin 14, 
Box 4349, Stanford, CA 94305, 
USA. 

A Europhysics Conference on 
'Computing in Accelerator Design 
and Operation' will be held in War
saw from 21-24 September 1982. 

The papers will be grouped under 
four headings — Design aspects 
of accelerators, Digital control of 
accelerators, Operational aspects 
and experimental data processing, 
Special applications of accelerators 
(medicine, industry, synchrotron 
radiation, etc.). Chairman of the 
Organizing Committee is Prof. R. 
Zelazny, and further information 
is available from Miss J. Clszews-
ka, R. C. C. CYFRONET, Institute 
of Nuclear Research, 05—400 
Otwock—Swierk, Poland. 

Electron laser success 

A team at Los Alamos, led by 
Charles Brau, has demonstrated 
the principle of a high efficiency 
free electron laser. A 20 MeV free 
electron laser amplified the light 
from a conventional carbon dioxide 
laser with a much higher proportion 
of electron energy being converted 
into laser light than can be 
achieved with conventional mag
netic fields. The team is preparing . 
a complete system for operation 
in 1983 and Brau has predicted 
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Seen here being checked out in the CERN 
Computer Centre is the new IBM 3081, 
which is now working alongside the existing 
IBM 370/168. The IBM 3032 processor 
previously in use has been sold. 

(Photo CERN 144.9.81) 

that all the remaining physics ques
tion marks over free electron lasers 
(deemed 'presently the sexiest 
things in accelerator physics' at 
the Washington Accelerator Con
ference in March) will be removed 
during the next year. Work on the 
development of electron lasers is 
also under way at several other 
research centres. 

Argonne Microtron project 

Work has started on a prototype 
magnet to confirm the design of 
a 2 GeV electron microtron under 
study at Argonne for use in nuclear 
and particle physics research. The 
design has two 25 MeV linacs in 
parallel linked via a novel magnet 
system, providing 2 GeV electrons 
after forty circuits through the two 
machines. The whole structure 
would only occupy some 40 by 
15 m and would be comparatively 
economical in power consumption. 
The protoype magnet is scheduled 
to be tested next March. Other 
proposals for a national electron 
facility in this energy range are 
being put forward at MIT and Vir
ginia. 

ABEL, ready and willing 

On 2 October a new ion source 
and injector system, known as 
ABEL, was inaugurated at Berkeley. 
It is to serve as injector of hea
vy ions into the SuperHILAC, and 
the range of intense ion beams 
which can be accelerated will be 

Home-made lightning in the Nuclear Struc 
ture Facility at the Daresbury Laboratory. 
This spark between the intershield and tank 
occurred with the terminal at 20 million 
volts during high voltage testing. 
Commissioning of the machine has been 
proving more difficult than anticipated. 

(Photo Daresbury) 
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Third meeting of the Japan / U.S. Committee 
on High Energy Physics held at Fermilab on 
26, 27 May. T. Nishikawa (Director General 
of the KEK Laboratory) and J. Leiss (DOE 
Associate Director for High Energy and 
Nuclear Physics) were co-Chairmen. The 
collaboration has gained further interest 
with the start of construction of the TRISTAN 
project in Japan which will complement the 
planned facilities in the USA. 

(Photos Fermilab) 

extended up to uranium. Early next 
year the Bevatron too will be able 
to accelerate uranium ions. The 
Bevalac (SuperHILAC linked to the 
Bevatron) will be unique in the 
world with this high energy, heavy 
ion capability. 

The heavy ion research pro
gramme and future plans at Berke
ley are reviewed in the feature 
article on page 393. 

Medical uses 
for synchrotron radiation 

The X-ray synchrotron radiation 
produced by electron storage rings 
could provide improved diagnosis 
in conditions such as coronary 
artery disease. 

Tests on animal hearts at the 
Stanford Synchrotron Radiation 
Laboratory, which uses the SPEAR 
ring at SLAC, have shown that 

X-ray pictures can be taken more 
accurately, more easily and for 
less cost. A special area for carry
ing out clinical tests is under con
struction. 

With synchrotron radiation, the 
X-ray wavelength can be tuned to 
the value which gives optimal 
imaging of specific tissues, avoid
ing the need for painful and expen
sive catheterization in which a suit
able contrast medium has to be 
injected directly into the coronary 
arteries. Because of the intensity 
of the X-rays, very short exposure 
times are required, thus minimizing 
blurring due to heartbeats and en
suring a lower radiation dose. 

'Big Bang' wall chart prepared for the 
Fermilab Saturday morning physics class, 
showing links between cosmology and 
particle physics. Prepared by Jim Walker 
(right) and James Bjorken, the chart covers 
all time, but with the first second of the 
universe's existence taking up about half 
the available space. 

Fermilab Latin America Center 

Fermilab is proposing to set up an 
on-site Latin America Center for 
Fundamental Physics and Techno
logy to assist scientists and engi
neers from developing countries. 
Rather than cjirect/y promoting high 
energy physics, the new institute 
would set out to provide scientists 
from developing countries with 
experience in a broad range of fron
tier technologies. It is hoped that 
about 30 fellows would pass 
through each year. 
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STANFORD LINEAR ACCELERATOR CENTER 
OF 

STANFORD UNIVERSITY 
announces an opening for the position of 

ASSOCIATE DIRECTOR, 
RESEARCH DIVISION 

The Stanford Linear Accelerator Center (SLAC) isa majorh igh 
energy physics research laboratory operated by Stanford 
University under contract wi th the U.S. Department of Energy. 
SLAC's Research Division consists of exper imental and theo
retical physics groups and suppor t ing staff; a large c o m p u 
tat ion center; and groups concerned with the operat ion and 
development of certain major exper imental faci l i t ies and with 
instrumentat ion research. The Associate Director, Research 
Division, has pr imary responsibi l i ty for coord inat ing and 
administer ing this program under the general d i rect ion of the 
Laboratory Director. 

Candidates for the posi t ion of Associate Director, Research 
Division, must have had extensive and widely recognized 
experience as pract ic ing scientists in the field of elementary-
part icle physics. The laboratory is seeking a person who is 
wi l l ing to play a st rong leadership role in the years ahead. 

The tentative start ing date for this posi t ion is 1 July 1982; the 
actual date can be a matter of negot iat ion. Appl icants should 
submit a cur r icu lum vitae, together with the names of at least 
three references, to: 

Professor Burton Richter, Chairman 
Associate Director Search Committee 

Bin 95, SLAC, Stanford University 
P.O. Box 4349 

Stanford, California 94305 

TRIUMF 
(A research fac i l i t y l o c a t e d on t h e U B C c a m p u s ) 

R.F. ENGINEER OR PHYSICIST 

TRIUMF requires an RF Engineer or Physic ist w h o is inter
e s t e d in h i gh p o w e r RF s y s t e m s o p e r a t i n g i n to h igh Q 
resonan t s t r u c t u r e s . T h e m a i n RF s y s t e m f o r t h e c y c l o 
t r o n is capab le o f 1.5 M W at 2 3 M H z . U n d e r d e v e l o p 
m e n t are a 1 0 0 k W 6 9 M H z s y s t e m , a 1 2 0 k W 2 3 M H z 
s y s t e m a n d a 2 5 k W 2 3 M H z s y s t e m . A l l t h e s e s y s t e m s 
ope ra te i n to a h i gh Q r e s o n a n t s t r u c t u r e unde r v a c u u m . 
K n o w l e d g e o f RF amp l i f i e r s a n d t r a n s m i s s i o n l ine 
r esonan t s t r u c t u r e s is requ i red . Prev ious expe r i ence w i t h 
RF s y s t e m s f o r acce le ra to r s w o u l d be an asset . 
Sa lary w i l l be c o m m e n s u r a t e w i t h expe r ience . 

Please rep ly in w r i t i n g , o u t l i n i n g qua l i f i ca t i ons a n d exper 
ience, a n d e n c l o s i n g n a m e s of t h ree re ferees t o : 

T R I U M F P e r s o n n e l ( C o m p e t i t i o n No . 2 9 6 ) 
c /o E m p l o y e e Re la t ions D e p t . 
U n i v e r s i t y of Br i t ish C o l u m b i a 
1 0 0 - 6 2 5 3 N . W . M a r i n e Dr ive 
V a n c o u v e r B.C. V 6 T 2 A 7 / C a n a d a 

A p p l i c a t i o n s w i l l be a c c e p t e d un t i l N o v e m b e r 3 0 , 1 9 8 1 . 

T R I U M F o f fe rs equa l e m p l o y m e n t o p p o r t u n i t i e s t o qua l i 
f i ed ma le a n d f e m a l e app l i can t s . 

STANFORD LINEAR ACCELERATOR CENTER 
OF 

STANFORD UNIVERSITY 
announces an opening for the position of 

ASSOCIATE DIRECTOR, 
TECHNICAL DIVISION 

The Stanford Linear Accelerator Center (SLAC) isa ma jorh igh 
energy physics research laboratory operated by Stanford 
University under contract wi th the U.S. Department of Energy. 
SLAC's Technical Division consists of g roups tha ta re respon
sible for operat ing and mainta in ing the large electron accel -
e ra torand major exper imental researchfaci l i t ies; foradvanced 
research and development in the f ields of accelerator physics 
and engineer ing; and for the genera l 'prov is ion of technical 
services to the rest of the laboratory. The Associate Director, 
Technical Division, has pr imary responsibi l i ty for the leader
ship and management of this program under the general 
d i rect ion of the Laboratory Director. 

Candidates for the posi t ion of Associate Director, Technical 
Divis ion, must have had extensive and widely recognized 
exper ience as pract ic ing scientists in the f ield of accelerator 
physics. The laboratory is seeding a person who is wi l l ing to 
play a strong leadership role in the years ahead. 

The tentative start ing date for this posi t ion is 1 July 1982; the 
actual date can be a matter of negot iat ion. Appl icants should 
submit a cur r icu lum vitae, together with the names of at least 
three references, to: 

Professor Burton Richter, Chairman 
Associate Director Search Committee 

Bin 95, SLAC , Stanford University 
P.O. Box 4349 

Stanford, California 94305 

STANFORD LINEAR ACCELERATOR CENTER 
OF 

STANFORD UNIVERSITY 
announces an opening for the position of 

PROFESSORSHIP 
IN EXPERIMENTAL 

HIGH ENERGY PHYSICS 

T h e Phys ics D e p a r t m e n t o f S t a n f o r d Un i ve rs i t y has an 
o p e n i n g f o r a t e n u r e d f a c u l t y p o s i t i o n in e x p e r i m e n t a l 
h i g h - e n e r g y p h y s i c s . T h e a p p l i c a n t s m u s t have d e m o n 
s t r a t e d ab i l i t y t o d o s i g n i f i c a n t i n d e p e n d e n t w o r k a n d 
m u s t s h o w p r o m i s e o f m a k i n g a m a j o r i m p a c t on t h e 
f i e ld in t h e yea rs t o c o m e . Exce l lence in t h e t e a c h i n g o f 
p h y s i c s at b o t h t h e u n d e r g r a d u a t e a n d g radua te levels is 
an i m p o r t a n t r e q u i r e m e n t f o r t h e p o s i t i o n . 

S t a n f o r d U n i v e r s i t y is an equa l o p p o r t u n i t y e m p l o y e r . 
W e are espec ia l l y i n t e r es ted in h a v i n g a p p l i c a t i o n s f r o m 
w o m e n a n d m i n o r i t y p h y s i c i s t s . 

I n te res ted p e r s o n s are r eques ted t o s e n d a r e s u m e 
c o n t a i n i n g c u r r i c u l u m v i t ae , a l ist o f p u b l i c a t i o n s a n d 
n a m e s of at least t h ree re fe rences t o : 

C h a i r m a n , H i g h - E n e r g y A p p o i n t m e n t C o m m i t t e e 
Phys ics D e p a r t m e n t 
S t a n f o r d Un ive rs i t y 

S t a n f o r d , Ca l i fo rn ia 9 4 3 0 5 

T h o s e w i s h i n g t o d r a w t h e C o m m i t t e e ' s a t t e n t i o n t o 
po ten t i a l c a n d i d a t e s are i nv i t ed t o w r i t e t o t h e s a m e 
add ress . 
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POWER-GRID TUBES FOR 
RF CONFINEMENT OF PLASMAS 

THE THOMSON-CSF ANSWER 
The Electron Tube Division of 
THOMSON-CSF has long been 
an important supplier of power- grid 
tubes for scientific applications. 
Based on this background, it is natural 
to see these tubes employed in several 
of the major new fusion research projects, 
because of their Pyrobloc®pyrolytic-graphite grids,which enable high 
power, high frequency operation with great stability and reliability. 
Another advantage of the THOMSON-CSF technology is the 
possibility of Hypervapotron® anode cooling, for simpler, smaller and 
more-reliable equipment installations. 

No wonder they say f "THOMSON-CSF, a name to rely on I". 

THOMSON"CSF DIVISION TUBES ELECTRONIQUES 
38 RUE VAUTHIER / BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE / TEL.: (33.1) 604 81 75 

USA 
THOMSON-CSF 
COMPONENTS CORPORATION 
CLIFTON NJ (201) 779.10.04 

BRAZIL 
THOMSON-CSF 
COMPONENTES DO 
BRASIL Ltda 
SAO-PAULO (11) 542.47.22 

GERMANY 
THOMSON-CSF 
BAUELEMENTE GmbH 
MUNCHEN (89) 75.10.84 

UNITED K INGDOM 
THOMSON-CSF 
COMPONENTS AND 
MATERIALS Ltd 
BASINGSTOKE (256) 29.155 

ITALY 
THOMSON-CSF • 
COMPONENTI 
ROMA (6) 638.14.58 

SPAIN 
THOMSON-CSF 
COMPONENTES 
Y TUBOS S.A. 
MADRID (1)419.88.42 

SWEDEN 
THOMSON-CSF 
KOMPONENTER 
& ELEKTRONROR AB 
STOCKHOLM (8) 22.58.15 

JAPAN 
THOMSON-CSF 
JAPAN K.K. 
TOKYO (3) 264.63.46 

O 
u 
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Calder Hall, the world's first large-scale nuclear power 
station, was opened by Her Majesty the Queen on 17th October 
1956. 

In 25 years it has safely and reliably produced some 37,000 
million units of electricity 

Averaged, this is enough to support the annual needs of a 
city with a population of 300,000. 

Calder Hall is owned and operated by British Nuclear 
Fuels Limited, who supply the fuel for all Britain's nuclear power 
stations. Together these power stations generate 14% of all 
Britain's electricity-enough for one day in every week. 

BNFL also provides nuclear fuel and fuel cycle services to 
a number of other electricity producers round the world. 

British Nuclear Fuels Limited, Risley 
Warrington WA3 6AS, England. 

BNFL 
-at the heart of nuclear power 







LIQUID 
SCINTILLATORS 
FOR NUCLEAR PHYSICS 

GMELIN-
A byword for dependable 
chemical information 
"GMELIN" is the authoritative work of reference in 
the fields of inorganic and organometallic chemistry, 
and is without doubt one of the most valuable bibli
ographical research tools not only for the chemist but 
for the physical chemist, physicist, metallurgist, 
technologist, and crystallographer too. 

The GMELIN Handbook aims at providing the user 
with a working digest of the complete world literature 
on inorganic and organometallic chemistry. Widely 
dispersed information, extracted from innumerable 
publications is critically examined and carefully sum
marized, correlating all relevant data. The literature 
closing date is indicated in each volume. 

In addition, preferential attention is given to topics of 
significant contemporary interest. The advantage of 
access to the scientific literature in the form of a hand
book is becoming more and more apparent in times 
when our knowledge doubles within a decade and the 
interested community consequently finds it increas
ingly difficult to cope with the ever rising tide of 
publications. 

The GMELIN Handbook is published by the 
GMELIN Institute in Frankfurt/Main at a rate of 
approximately two volumes per month. For several 
years now an ever increasing number of chapters have 
been printed in English, and English will be the only 
language used from 1982 onward. 

New informational material is available upon request: 
GMELIN — Complete Catalog 
GMELIN — Alphabetical Reference Chart 
GMELIN — Newsletter 
Brochure "This is Gmelin"— An informative booklet 

Please write to: 

Springer- Verlag 
Berlin 
Heidelberg 
New York 
4005 Marketing, HeidelbergerPlatz3, D-1000 Berlin 33 
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Bei uns geben 10 mg 
schon den Ausschlag 

With us, 10 mg make all the difference 

551.300 ver-
schiedene Gas-
gemische mit Zertifikat fur 
Reinheit, Genauigkeit, Stabilitat 

551.300 Gasgemische mit 
beliebig vielen Komponenten, 
in beliebiger Konzentration bis 
in den vpm-Bereich. 

551,300 differ
ent gas mixtures 

with certificate for purity, 
accuracy, stability. 

551,300 gas mixtures with 
any desired number of com
ponents and in any concen
tration down to the vpm range. 

M E S S E R G R I E S H E I M 
2.8033 d/e 
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WHEN RUTHERFORD 
SPLIT THE ATOM WE 
COULD HAVE SAVED 

HIM A LOT OF BOTHER 
CCL wasn't around soon enough 

to build his research equipment 
but we can build yours. 

We are practical problem 
solvers to the world's scientists, 
engineers and technologists. We 
welcome awkward tasks, specialise 
in specials and have an outstanding record for 
delivering to spec. 

How do we do it? CCL employs good people 
62 highly qualified scientists and 
engineers. They work closely 
and well together - vacuum 
physicists with electronic 
engineers, mechanical engineers 
with optics specialists. Each 
project team combines 
appropriate skills and is well 
supported by facilities, equipment 
and experienced technicians. 

Because we are not tied to any 
product companies, we won't 
squeeze your problem to fit existing 
equipment. 

Next time you need a special 
system or piece of equipment, phone 
or write to Barrie Griffiths at 
Cambridge Consultants Limited, 
Science Park, Milton Road, 
Cambridge. CB4 4 DWEngland. 
Tel: 0223-358855 Telex: 81481 (CCL G) 

Cambridge Consultants Limited 
Science Park, Milton Road, Cambridge. CB4 4DW England 
Telephone: 0223-358855 Telex: 81481 (CCL G) 
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Recepteur de mesure programmable ESH3 

• M e s u r e s d e c h a m p avec a n t e n n e de m e s u r e 

• M e s u r e s d e s t e n s i o n s p a r a s i t e s r a d i o s e l o n l e s n o r m e s 
C I S P R - P u b . 1 + 3 + V D E 0 8 7 5 

R O H D E & S C H W A R Z 

• M e s u r e s des p e r t u r b a t i o n s s e l o n les 
n o r m e s M I L et V G 

• C o n t r o l e et s u r v e i l l a n c e rad io , m e s u r e s de 
f r e q u e n c e * 

• M e s u r e s s e l e c t i v e s d e t e n s i o n s en 
l a b o r a t o i r e et en c o n t r o l e 

Representation generale 
et service 
pour la Suisse 

3 0 0 0 Berne 31 
ROSCHI Case postale 63 

. O A Telex 32137 
Telecommunicat ion SA Telephone 031 442711 
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Single turn bushing 
or servo mount 

precision wirewound potentiometers 
provided wrth the KIFEL's patented 
ball contact 

IMJ~ 

SeHe718 3 different types: 
- type 718 LL (long life) - type 718 S 
(standard) - type 718 LC (economical) 
Resistance range 
7 1 8 L L a n d 7 1 8 S : 1 J2to100kJ2 
718LC: 10J2to30kJ2 
Independent linearity 

STANDARD BEST PRACTICAL 
Model 718 LL: ± 0 , 4 % ( ± 0 , 1 5 % ) 
Model 718 S: ± 0,4% ( ± 0,1 5%) 
Model 718 LC: ± 0 , 8 % 
Electrical angles 270°, 280°, 300°, 
320°, 340°, 350°. Special: 357°. 

Serie714 724 
Resistance range: 1 Q to 30 K Q 
Independent linearity: 
± 0,5% or better than ± 0.5% 
Serie 714 are also available wi th : 
- 4 additional sections or more 
- 3 PCS different configurations 
- 3 electrical and mechanical 

angles. 
The same potentiometer is also 
available under SERIE 724 with 
servo-flange, ball bearing for long 
life operations and slight torque, 
shaft 1 to 6 mm, electrical angle 
350°. 

KIF PARECHOC S.A. - ELECTRONIC C O M P O N E N T S D IV IS ION 
CH-1347 LE SENTIER - TEL. 021/85 6141 - TELEX 25 527 KIFSA CH 

Cancel your liquid 
helium order . . . 
Get a HELIPLEX™ 
refrigerator. 

4.5K 

Forget about the cost of liquid helium and 
the bother of handling it. With the HELIPLEX 
Model CS-308 closed-cycle refrigerator you get 
stable temperatures down to 3.7K. 

This refrigerator is highly reliable — its major 
components have been proven in the field for 5 
years. It operates virtually unattended and op
tionally gives you automatic temperature con
trol and readout. Normal maintenance interval 
is 9,000 hours, and it is field maintainable. 

The HELIPLEX 308 refrigerator has a conve
niently small cold end (the refrigerator is only 
35" high). This makes it useful for a variety of 
research and industrial applications with a selec
tion of temperature controllers, interface designs 
and radiation shields available. 

For more information, write or call Advanced 
Products Department, Air Products and Chem
icals, Inc., Box 2802, Allentown, PA 18105. 
(215) 398-8419. 
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PRECISION ENGINEERING FOR INDUSTRY 

Number of employees: 7 0 

Design Office and Inspection Dept. on site 

Mechanical sub-contracting 
Welding sub-contracting 
Construction of machines for the food-processing industries 
Designing and building of automatic screwing unit 
Building of special machines to customers' specifications 
Manufacture of special items for the nuclear industry and 
research centres. 
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Open-up new possibilities with the 

BORER MAILBOX 
A Multi-purpose, Multi-user 
Mass Storage Device in Camac 
For multi-processor system architectures 
For multiple access shared memory systems 
For use as an add-on memory or extension 
For protected program libraries 
Features: 
• Non-volatile RAM storage 
• Modularly expandable up to 16MB 
• Independent non-volatile pointers for read and write 
• Intelligent pointer management (compare, error flags, masking, etc.) 
• Booking facility for user and operation mode indentification 
• Addressing modes for 24 or 16-bit computers 
• 16-bit word or byte mode 
• Fast access (< 1 jas) 
• Accessible from Camac and external bus with IEEE 488-compatible handshake 
• Organized through a single Camac slot 
• Monitor mode for Dataway 

b o r e r 
Borer Electronics AG 
CH-4501 SOLOTH URN/SWITZERLAND 
Tel. 065-3111 31 Telex 34228 
Suisse Romande: Tel, 022-76 3846 

CERN Courier, November 1981 427 



A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the world active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad
ministrators, information media and buyers. Writ ten 
in simple language and published simultaneously 
in English and French it has become the natural 
communicat ion medium for particle physicists in 
Europe, the USA, theSoviet Union, Japan — every
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
in the USSR, KEK in Japan, TRIUMF in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1 0 0 0 million Swiss francs. The 
expenditure in the USA is about $ 3 0 0 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
youf products known than by advertising in CERN 
COURIER. 

All enquiries to : 
Advert is ing Manager 
Miche l ine Falciola 
C E R N C O U R I E R 
C E R N 
C H - 1211 G E N E V A 2 3 
T e l . (022) 8 3 4 1 0 3 
Te lex 2 3 6 9 8 

YOU NEED 
SHIELDS OR CONTAINERS 

FOR ABSORPTION OF 
HARD RADIATION 

CIME.BOCUZE 
can supply you with 

TUNGSTEN - BASED ALLOYS 

DENAL 
BARYMETAL 
INERMET 

REDUCED DIMENSIONS 
FIRE.RESISTING 
BLANKS OR MACHINED COMPONENTS 

CIME-BOCUZE D I V I S I O N T U N G S T E N E 

ST. P I E R R E E N F A U C I G N Y , 7 4 8 0 0 L A R O C H E / F O R O N 
Tel . ( 5 0 ) 0 3 I 0 9 8 . Te lex : 3 8 5 0 2 7 F R A N C E 
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Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 
Such parts can also be 
manufactured in combination 
wi th carbon fiber. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 0 3 . 0 0 1 

Cost per insert ion (Swiss Francs) 
Space 
(page) 

Actua l size (mm) Space 
(page) w id th by height 1 3 5 10 

insert ion insert ions insert ions insert ions 

V1 1 8 5 x 2 6 5 1 4 5 0 1 4 0 0 1 3 5 0 1 2 5 0 

1 / 2 1 8 5 x 1 3 0 
9 0 x 2 6 5 8 0 0 7 7 0 7 5 0 7 0 0 

1 / 4 9 0 x 130 4 5 0 4 2 0 4 0 0 3 9 0 

Advertisements in CERIM COURIER 
All advert isements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1 3 5 0 S w F 

1 6 0 0 SwF 
2 1 0 0 SwF 
1 st of month of cover date 

1 st of month preceding cover date 
The cost of making f i lms and of 
translat ion for advert isements are 
charged in addit ion. 

Screen (offset) 6 0 or 54 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wi l l 
be invoiced. 

Advert is ing space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rs t -come first-served basis. 
These rates are effective for the year 1 9 8 1 . 

All enquiries to : 
Micheline F A L C I O L A / CERN C O U R I E R - C E R N 
1 2 1 1 Geneva 2 3 Switzerland 
Tel. (022) 8 3 41 0 3 Telex 2 3 6 9 8 

FLEXWELL Transfer Lines 
for Liquid Gases 

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

FLEXWELL* type N 2S consists of two corrugated flexible stainless steel 
pipes. Installation work on site is minimized. Standard lines with four 
different inner diameters (14 mm - 21 mm - 30 mm - 39 mm) are available. 
Other types on request. 

kabelmetal 
e l e c t r o 

kabelmetal electro Gesellschaft mit beschrankter Haftung 
Postfach260 • D-3000Hannover 1 • Telefon (0511)676-1 
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C A M A C 

IF YOU NEED BUDGET PRICED VIDEO MODULES, 
WE HAVE AVAILABLE A N E W , REVOLUTIONARY 
CONCEPT; THE V D D 2 1 1 8 / 2 1 1 9 . 

5 E N 
France : EG&G Instruments; Zone Silic 428; Tel. (1} 6872571 - Tlx 202553F, F-94583 RUNGIS CEDEX- Germany: SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; 
Radspiel.strasse8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 - Switzerland : SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 94551 03; Tlx 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 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 



PFEIFFER TURBO 040 
High-Vacuum Pump 

The smallest and lightest 
turbomolecular pump 

The TURBO 040 produces hy
drocarbon-free high vacuum at a 
low volume f low rate. It is there
fore the ideal pump for modern 
analytical work as for example 
for the mass spectrometer and 
for industrial use in the manufac
ture of tubes and light bulbs. 

The applications of the TURBO 
040 are numerous. The high va
cuum connection can be supplied 
to order, either to KF, high vacu
um flange to ISO-K or ultra-high 
vacuum flange to CF standards. 
The pump can be f i t ted in any 
posit ion f rom the vertical to the 
horizontal. The TURBO 040 is 
the first pump of its kind wi th
out forced cooling and therefore 

Height 

Diameter 

Weight 
Volume f l ow rate 
for IM2 

166 mm 
95 mm 
2,5 kg 

40 l/s 

operates problem-free. Its remark
ably low level of noise and vibra
t ion helps to make it the univer
sal high-vacuum pump for all 
types of use. Noteworthy in 

A. PFEIFFER 
Vakuumtechnik Wetzlar GmbH 
Postf ach 1280 
D-6334 Asslar, BRD 
Tel.: 06441/8021 
Telex: 48 3859 

(Sill 

comparison w i th other high-vacu
um pumps is its low energy con
sumption. 

The '81 Range 
The 1981 TURBO range com
prises six pump sizes. The choice 
can be considerably increased 
owing to possible modif ications 
such as flanges for high and ultra
high vacuum, posit ioning of the 
high vacuum connection and 
choice of coolant. The range of 
the volume f l ow rate f rom 40 to 
5000 l/s gives the best possible 
solut ion for every kind of appli
cation. 

CO 
CO 
CO 

Z 
Q 

LU 
Q_ 
CD 

O 
O 
o 

CO 

Q_ 



Modern High Energy 
Physics experiments utilizing 
MWPC produce exceptionally high 
singles rates and high event rates. 
LeCroy's new PCOS III uses exciting 
advanced technology to produce a 
totally integrated system for these ap
plications. 
PCOS III 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 

New technology through
out + system engineered. 

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 typical 
events of 1-2 ^sec. 
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. 

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 III 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 III 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. Representatives throughout the world. 





Reverse current 50 to 100 t imes lower 
than for surface barrier detectors 
therefore opt imal resolut ions for 
charged part ic les. 

X rays spectroscopy at room 
temperature. 

Design adapted to any needs : f rom 
mosaic assembl ies w i th a m in imum 
dead region down to str ip detectors. 
Partially or total ly depleted detectors, 
heavy ions detectors, X rays detectors, 
posi t ion sensit ive detectors, str ip 
detectors. 
A complete range avai lable. 

ENERTEC 

Schlumberger 
ENERTEC 

NUCLEAR INSTRUMENTATION BRANCH 
1, Pare des Tanneries 

67380 LINGOLSHEIM (France) 
TEL : (88) 78.57.10. Telex : 890177F 

Courier, November 1981 435 



ElMAC's 4CW300,000G Power Tetrode. 
A new generation of high-performance 
power tubes. 

ElMAC'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 precis ion-cut by a laser 
beam. Each element is mono
lithic and combines extremely 
low coeff ic ient of expansion 
with low structural inductance. 
These features permi t the 
4CW300,000G to have a very 
high t ransconductance—10 6 

m i c r o m h o s — a n d a l low eff i 
cient, high-frequency operation. 

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 KW AM 
broadcast service or long-pulse 
switch service, each of which 
demands a reserve of peak 
emission. 
Improved anode structure 
ElMAC's mult i-phase cool ing 
technique provides high plate 
d i ss ipa t ion to ext ract heat 
evenly and quickly from the an
ode, contributing to long tube 
life and operating economy. 
EIMAC expertise 
ElMAC's expertise in electron 
ballistics pyrolytic grid produc
tion, thermodynamics and cir
cu i t techn iques comb ine 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 


	vol21-issue9-covers.pdf
	vol21-issue9-toc.pdf
	vol21-issue9-p391-e.pdf
	vol21-issue9-p392-e.pdf
	vol21-issue9-p393-e.pdf
	vol21-issue9-p394-e.pdf
	vol21-issue9-p395-e.pdf
	vol21-issue9-p396-e.pdf
	vol21-issue9-p397-e.pdf
	vol21-issue9-p398-e.pdf
	vol21-issue9-p399-e.pdf
	vol21-issue9-p400-e.pdf
	vol21-issue9-p401-e.pdf
	vol21-issue9-p402-e.pdf
	vol21-issue9-p403-e.pdf
	vol21-issue9-p404-e.pdf
	vol21-issue9-p405-e.pdf
	vol21-issue9-p406-e.pdf
	vol21-issue9-p407-e.pdf
	vol21-issue9-p408-e.pdf
	vol21-issue9-p409-e.pdf
	vol21-issue9-p410-e.pdf
	vol21-issue9-p411-e.pdf
	vol21-issue9-p412-e.pdf
	vol21-issue9-p413-e.pdf
	vol21-issue9-p414-e.pdf
	vol21-issue9-p415-e.pdf
	vol21-issue9-p416-e.pdf
	vol21-issue9-p417-e.pdf
	vol21-issue9-p418-e.pdf
	vol21-issue9-p419-e.pdf
	vol21-issue9-p420-e.pdf
	vol21-issue9-p421-e.pdf
	vol21-issue9-p422-e.pdf
	vol21-issue9-p423-e.pdf
	vol21-issue9-p424-e.pdf
	vol21-issue9-p425-e.pdf
	vol21-issue9-p426-e.pdf
	vol21-issue9-p427-e.pdf
	vol21-issue9-p428-e.pdf
	vol21-issue9-p429-e.pdf
	vol21-issue9-p430-e.pdf
	vol21-issue9-p431-e.pdf
	vol21-issue9-p432-e.pdf
	vol21-issue9-p433-e.pdf
	vol21-issue9-p434-e.pdf
	vol21-issue9-p435-e.pdf
	vol21-issue9-p436-e.pdf

