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Supercollider — 
USA machine for the future 

The envisaged principal features (not to 
scale) of the proposed US Superconducting 
Super Collider (SSC). 

In the summer of 1983, the US 
high energy physics community, 
via its representatives on the High 
Energy Physics Advisory Panel 
(HEPAP), took the important deci
sion to place its eggs, for the next 
stage of this field of research in 
the USA, in the single basket of a 
Superconducting Super Collider 
(usually abbreviated as SSC). The 
aim is to enter the TeV range of 
physics phenomena by colliding 
protons at beam energies up to 
20 TeV. 

The decision was difficult. It 
involved abandoning the Colliding 
Beam Accelerator project at Brook-
haven, which was by then well 
underway. It required faith in the 
physics potential of colliding ha-
dron beams (the alternative of col
liding lepton beams is recognized 
to be some five years behind, in 
any case, in terms of technical 
feasibility). It implied full confidence 
that superconducting technology 
for accelerators is mastered. It 
also required faith that the US gov
ernmental authorities would rise 
to a basic research project of a 
scale and cost which has not been 
confronted before (the project im
plies a doubling of the US high 
energy physics budget over a per
iod of time). Behind these acts of 
faith was the physics bonanza 
emerging from the CERN proton-
antiproton Collider, the successes 
of Fermilab and Brookhaven with 
superconducting magnets and the 
pride of the American physics 
community, accustomed to being 
in the front line of this research, 
coupled with the resurgence of 
confidence in the country as a 
whole. 

After the trauma of the initial 
decision, progress on the project 
has been fast. By summer 1984, 
a Reference Design Study, char
tered by the Directors of the US 

high energy accelerator Laborato
ries, was presented to the Depart
ment of Energy (DOE). The Study 
aimed to clarify technical feasibility, 
to get some idea of the project 
cost, and to map out the research 
and development which will be 
needed to arrive at a final design. 

The DOE decided to proceed 
with research and development 
and selected the Universities Re
search Association, which oper
ates Fermilab, as contractor for 
this phase of the project since the 
URA has the widest national repre
sentation. URA created a Board 
of Overseers with Boyce McDaniel 
as Chairman. A Central Design 
Group, led by Maury Tigner, is 
now housed at the Lawrence Ber
keley Laboratory and work on var
ious aspects of the design is under
way at several other Labor
atories also. The cost of the R and 
D phase is estimated at 250 million 

dollars (mainly for superconducting 
magnet development). 

The Reference Design Study 
emerged with several major ma
chine parameters agreed and with 
three approaches to achieve these 
parameters listed for further study. 
The maximum beam energy is set 
at 20 TeV with a maximum lumi
nosity of 10 3 3 per cm 2 per s to 
give up to 10 interactions per 
bunch crossing at six interaction 
regions (only four of which might 
be used initially). The injection en
ergy is set at 1 TeV. Obvious op
tions, such as the possibility of 
having electron-proton collisions 
or of having external beams, have 
been examined, but the emphasis 
in defining the project has been to 
concentrate on colliding proton 
beams and to avoid diluting the 
development programme with sec
ondary objectives (though they 
remain under consideration). 



A possible SSC injection scheme. 

The three approaches are as
sociated essentially with the choice 
of the superconducting magnet. 
At Brookhaven and Berkeley the 
highest field magnets, 6.5 T, cor
responding to a machine circum
ference of 90 km, are under devel
opment. They are of the 'two-in-
one' (two beam channels in one 
magnet core), cold iron (magnets 
completely enclosed in cryostats) 
type. Successful tests on proto
types were reported in the Decem
ber 1984 issue, page 430. At Fer-
milab the emphasis is on magnets 
based on the successful supercon
ducting magnets installed in the 
Tevatron. They have a field of 5 T 
corresponding to a machine cir
cumference of 113 km. The Fermi-
lab team is trying new high-homo
geneity niobium-titanium supercon
ductor which has 50 per cent bet
ter short-sample characteristics. 
In Texas, development is concen
trating on low field magnets in the 
hope of easing, the problems of 
cheap mass-production. The mag
net field is set at 3 T, corre
sponding to a machine circumfer
ence of 164 km. Magnet proto
types have been built and success
fully tested at the Texas Acceler
ator Centre. Higher magnet fields 
even than the 6.5 T type are, of 
course, potentially available by the 
use of niobium-tin rather than nio
bium-titanium and work continues 
on this possibility at Brookhaven 
and Berkeley. However this tech
nology is not developed enough 
at present to be a serious 
contender. 

To arrive at a tentative cost esti
mate, the three possible machine 
configurations were fed on to an 
imaginary site (so a;s to steer well 
clear at this stage of the tricky 
problem of site selection). All three 
approaches gave essentially the 
same cost for the machine — in 

the region of 3 Gigadollars. 
Frightening though this figure may 
seem, it represents another ad
vance in collision energy per dollar 
which has improved by five orders 
of magnitude since the early accel
erators. 

The whole of the US high energy 
physics community is involved in 
the shaping of the project. In June-
July 1984 a Summer Study was 
held at Snowmass in Colorado on 

the 'Design and Utilization of the 
Supercollider' attracting some 
250 participants — experimental
ists, theorists, and accelerator 
specialists. It was the latest in a 
series of meetings and workshops 
on collider-related topics such as 
electroweak symmetry breaking, 
a fixed target option, and a proton-
antiproton option. The discussions 
covered the physics, the detectors 
and the accelerator design. 



Groups covered such physics 
topics as jets, structure functions, 
rare decays, the electroweak sec
tor, new theories, etc. It was clear 
that there is a wealth of intriguing 
physics to be studied, but a lot of 
initial simulation studies are re
quired to achieve optimum use of 
the new facility. The simulation 
packages now on the market give 
some very different answers, and 
some initial tidying up is needed. 

Groups looked at components 
for vertex detection, lepton identi
fication, calorimetry, electronics, 
and computing, while others 
looked at detector design. To keep 
in touch with reality, a rough cost 
estimate was requested for each 
detector. One important conclusion 
was that detectors could be built 
and operated for the Supercollider 
with luminosities up in the 1 0 3 3 

range, with the exception of vertex 
detectors, where new technology 
is called for to avoid radiation da
mage problems. Calorimetry should 
not be affected by the high lumi
nosity and these will probably be 
the most important parts of the 

SSC detectors. 
Specialized detector ideas were 

developed for specific topics, while 
wide solid angle detectors were 
envisaged as general-purpose de
vices with the emphasis on new 
physics. Of the three which were 
eventually proposed and costed, 
one was non-magnetic, one was 
a conventional magnetic design 
and the third was magnetic with 
scintillating fibres. 

Timescale from first serious dis
cussion to final installation is esti
mated at about eight years, and 
each detector could involve some 
500 physicists. It looks as if about 
600 million dollars will be required 
overall for detector development 
and construction, and the neces
sary computer power will also be 
large. 

The accelerator specialists 
looked at interaction region layout 
and design, electron, fixed target 
and antiproton options, dynamic 
aperture and tracking, magnetic 
field quality and the injector. Here 
again the conclusion was that a 
lot of computer simulation work. 

with Tevatron measurements as 
benchmarks, must be carried out 
before the final design is selected. 
Beam extraction options studied 
included stochastic type extraction 
as well as more esoteric ideas 
such as the use of bent crystals 
to filter out primary protons or 
other secondary beams from the 
proton-proton collisions in the ex
perimental areas. 

The hope is to have the concep
tual design of the Superconducting 
Supercollider in place for April 
1986. The problem of site selec
tion is the subject of a document 
to be submitted to the US Depart
ment of Energy in April. Actual 
construction would then start in 
October 1987 with first beams 
scheduled for 1993. It is a project 
of great vision being attacked with 
courage and enthusiasm. It would 
open a new region of physics 
where the theoreticians promise 
much. 

(We thank Jorge Morfin for infor
mation on the Snowmass meeting.) 

Physics in a spin 

Observers at major particle physics 
meetings these days could easily 
come away with the impression 
that our understanding of Nature 
is in good shape. With the elec
troweak theory now established 
and with the picture of quark fields 
(quantum chromodynamics) well 
advanced, it seems sometimes 
that all that remains to be done is 
to explain the origin of the Universe. 

This is surely an oversimplifica-

Organizing committee chairman Jaques 
Softer (right) talks with Andre Martin of 
CERN during the recent Spin Physics 
Symposium at Marseille. 

(Photo H. Ely-Aix) 



Other applications of spin at Marseille: 
below, 1957 Nobel prizewinner Owen 
Chamberlain and, opposite, Jon Rosner of 
Chicago try their hand at 'petanque'. 

(Photos: Mairie de Cassis) 

tion. There are many questions in 
conventional physics still to be 
solved, and until these are, our 
understanding must be regarded 
as suspect. Many of these out
standing questions are in the area 
of spin physics. 

About two hundred physicists 
travelled to Marseille in September 
to attend the 6th International 
Symposium on High Energy Spin 
Physics; this series began at 
Argonne in 1974, and the previous 
symposium was held at Brookhav-
en in 1982. Under the chairman
ship of J. Soffer (Marseille) and a 
distinguished International Adviso
ry Committee, the Symposium 
gathered specialists in polarization 
physics from all over the world. 
The meeting reflected optimism 
about the future of spin physics, 
an optimism clearly driven by the 
successful start-up of many new 
polarized beam projects and by 
the discovery of several new spin 
effects. 

The topics covered included spin 
effects at large transverse mo
mentum, hyperon polarization, 
analysing power in elastic pro
cesses, and experiments at inter
mediate energies including diba-
ryon resonances. There were re
ports on new polarized beam de
velopments at many Laboratories 
and on perspectives, plans, and 
theoretical predictions for the spin 
physics in future machines. 

One highlight was the report of 
successful acceleration of polarized 
protons to 17 GeV at the Brook-
haven AGS. Both this project and 
the discovery of a large and totally 
unexpected one-spin effect in high 
transverse momentum proton-pro
ton elastic scattering at the AGS 
were covered by Alan Krisch 
(Michigan) — see October 1984 
issue, page 328. J. L. Laclare (Sa-
clay) presented a short movie on 

spin motion at Saturne in his re
view talk on the polarized proton 
capabilities and experimental pro
gramme at Saturne II. New results 
and future projects with polarized 
beams and targets at KEK (Japan) 
were discussed by A. Masaike, 
and L. Van Rossum (Saclay) pre
sented the Fermilab project. 

One major highlight was the 
sharp increase in the electron com
munity's interest in spin. This is 
especially evident at DESY which 
was well represented at the Sym
posium. V. Soergel and K. Steffan 
presented detailed plans for polar
izing the electrons at the HERA 
electron-proton collider, now under 
construction. P. Schmuser and 
D. Barber discussed the many ex
citing and important experiments 
that will be done with these* polar
ized electrons. Many participants, 
led by E. Courant (Brookhaven) 
and O. Chamberlain (Berkeley) also 
stressed the need for proton polar
ization at HERA. 

Significant progress on obtaining 
polarized gas jets was reported 
by D. Kleppner (MIT). He discussed 
the CERN projects and the Michi-
gan/MIT/Brookhaven project. 
Hopefully there will soon be 'junk-
free' pure polarized proton gas jets 
to allow inclusive spin studies. 

G. M. Bunce (Brookhaven) re
ported on a new AGS experiment 
which aims to study several two-
body processes at high energy 
and large angles. He presented the 
striking spin alignment properties 
of the rho meson produced in pion-
proton scattering; these results 
are difficult to interpret theoretically 
and might be a serious signal of 
non-perturbative phenomena as 
suggested by G. Nardulli (Bari) and 
in the talk by G. Preparata (Bari) 
who presented an alternative 
approach based on the Massive 
Quark Model. 

K. Heller (Minnesota) gave an 
extensive review of lambda and 
hyperon polarization in hadron-
hadron inclusive reactions at high 
energy; a number of known results 
have consolidated such as the 
strong polarization of all the hype-
rons except the antilambda. Other 
new results were discussed such 
as the measurement of a large 
fraction of lambdas produced in 
the sigma radiative decay at Brook
haven or the dilution of the lambda 
polarization by nuclear targets. 
The large lambda polarization, first 
observed in 1976 at Fermilab, still 
lacks a convincing theoretical inter
pretation. 

E. Gabathuler (Liverpool) dis
cussed the new experiment of the 
European Muon Collaboration at 
CERN with a polarized muon beam 
and a polarized proton target. The 
aim of the EMC experiment is to 
investigate spin-dependent effects 



in deep inelastic, scattering to test 
theoretical predictions, to under
stand the spin structure of the pro
ton, and look for a possible polar
ization of the 'sea' of additional 
gluons and quark-antiquark pairs 
inside the nucleons. 

Spin effects, especially at short 
distances, provide demanding tests 
for quantum chromodynamics. In 
particular, the 'perturbative' ap
proach (taking into account only 
the lowest terms in a series expan
sion) seems insufficient. Theoreti
cal approaches have been sug
gested to get over this hurdle, and 
in addition other mechanisms have 
been put forward. These ideas 
were the subject of many presen
tations at Marseille. 

Heavy quark spectroscopy was 
considered from a theoretical per
spective by J. Rosner (Chicago) 
who also gave an extensive review 
of the present status of magnetic 

moments and the spin-dependent 
potentials among quarks. 

A theoretical summary was given 
by E. Leader (Birkbeck College, 
London) who discussed the impor
tance of measuring spin-dependent 
nucleon structure, relevant both 
for present machines and for future 
ones, such as HERA, which will 
probe very deep inside the proton. 
Leader also stressed the apparent 
incompatibility of perturbative QCD 
with the newly discovered spin-
dependence in proton-proton elas
tic scattering. There was extensive 
heated theoretical discussion on 
this subject with most experimen
talists keeping their heads well 
down. 

One important part of the pro
gramme was devoted to spin phe
nomena at intermediate energies. 
Contributions from Laboratories 
all over the world were presented 
in a workshop jointly organized by 
C. Lechanoine-Leluc (Geneva) and 
R. Silbar (Los Alamos). A detailed 
study of proton-antiproton scatter
ing is made at the LEAR ring at 
CERN and at KEK in Japan, where 
a narrow resonance was observed 
in the charged kaon mode. Experi
ments at intermediate energies are 
now using excellent polarized pro
ton beams and there are polarized 
neutron beams at Saturne pro
duced from deuteron beams. The 
activity in proton-deuteron scatter
ing with polarized particles was 
discussed by A. Boudard (Saturne). 
The nucleon-nucleon system is 
investigated in great detail and the 
precise measurements of various 
spin correlation parameters in pro
ton-proton scattering can be com
pared to theoretical models. A 
new effort is being made both at 
SIN in Switzerland and at Saturne 
in neutron-proton scattering which 
is crucial to complete the picture. 
Measurements using a polarized 

deuterium target are now planned 
at SIN and TRIUMF in Canada with 
the hope of solving the present 
disagreements in pion-deuteron 
elastic scattering. 

The future of spin physics was 
discussed in a round-table meeting 
that examined the possibilities 
offered by the CERN Collider and 
future machines. The participants 
— 'Moderator' R. Cool (Rockefeller) 
with D. Cline (Wisconsin), E. Cou-
rant (Brookhaven), L. Evans 
(CERN), A. Martin (CERN), G. Sau-
vage (Orsay) and T. L. Trueman 
(Brookhaven) discussed the new 
windows that could be opened by 
having polarized beams in acceler
ators, existing, under construction 
or proposed. The physics with 
polarized beams and/or targets at 
these energies would allow deeper 
insights into the inner structure of 
the nucleons and the very clear 
signals of the underlying theory 
often achieved by polarization 
measurements could test new 
theories. 

The Symposium closed with a 
talk by 0. Chamberlain (Berkeley), 
who spoke about the early spin 
experiments in the fifties. These 
pioneering experiments, where 
Chamberlain played a prominent 
role, were the roots of the spin 
physics community. During the 
last thirty years this community 
has worked to successfully con
vince both itself and the physics 
community at large that spin is not 
a 'useless complication' and that 
many important aspects of particle 
physics can be best clarified by 
polarization experiments. Hopefully 
the next Symposium, to be held 
at Serpukhov in autumn 1986, will 
again give new exciting and un
expected spin physics results. 

(Information from C. Lechanoine-
Leluc, A. Krisch, G. Nardulli and 
J. Soffer.) 



Economic spin-off from CERN 
A survey of CERN's high technology 
suppliers shows that work for CERN 
produces valuable spin-off effects. This 
shows a breakdown of the 520-odd 
suppliers. In the largest category (Electronics 
and computers) every Swiss franc spent 
by CERN has generated over four francs 
of new business for the firms involved. 

About ten years ago, a famous 
study by Helwig Schmied on the 
economic 'spin-off resulting from 
CERN contracts revealed that every 
Swiss franc spent by CERN on high 
technology had produced about 
3.5 francs of new business for the 
firm involved. 

This is a useful bonus for a major 
European Laboratory whose basic 
objective remains, as always, pure 
scientific research. CERN's scientif
ic achievements may well go on to 
revolutionize the 21st century in 
the same way that the technology 
of today is the direct result of the 
basic breakthroughs in electrody
namics by Faraday, Maxwell, Hertz 
and others about a hundred years 
ago. But this can never be proved, 
and these 19th-century researches 
certainly did not require multina
tional budgets. 

Now a repeat of the initial survey 
on CERN's economic impact*, us
ing more data and more sophisti
cated methods, essentially comes 
out with the same result for the 
period 1973-87. The results are 
based on interviews with a sample 
of 160 of CERN's 520-odd sup
pliers of high technology, who 
were asked to estimate the 'Sec
ondary Economic Utility' (increased 
turnover plus cost savings) directly 
generated by CERN orders placed 
during the period 1973-82. The 
Economic Utility for the years 
1983-87 is based on forecasts. 

The total utility for the period 
1973-87 amounts to 4800 million 
Swiss francs (1982 prices), while 
CERN's purchases from the firms 
involved in the period 1973-82 
amount to 1380 million francs. 
Allowing for the continuing eco
nomic utility from orders placed 
before 1973, the survey clearly 
finds that one franc spent by CERN 
in the high technology sector has 
generated three useful francs for 

the suppliers. 
Broadly, this high technology 

business can be grouped into five 
categories — Electronics, optics 
and computers; Electrical equip
ment; Vacuum, cryogenics and 
superconductivity; Steel and weld
ing; Precision mechanics. The util
ity to sales ratio is especially im
pressive (4.2) in the first category. 

All this concrete spin-off is espe
cially remarkable when, unlike big 
research centres working on ener
gy sources, communications, etc., 
CERN's end-product — scientific 
culture — has in itself little imme
diate practical application or eco
nomic relevance. How does CERN 
make such a big economic impact? 

The major part of the equipment 
needed for CERN's research is 
beyond the manufacturing capabil
ities of CERN's workshops and 
has to be supplied by industry. 
Often the necessary specifications 

and requirements are beyond the 
'know-how' currently available and 
present a challenge to the supplier. 
Once accomplished, this produces 
positive effects — quality improve
ments, increased productivity, new 
products, etc. Added to the fact 
that this is happening in an already 
rapidly expanding market, the re
sults soon become evident. 

Some examples. Without large 
orders, some high technology sec
tors are naturally reluctant to em
bark on substantial research and 
development programmes without 
an assured market. Thanks to 
CERN orders, European firms have 
been able to develop new products 
and widen their interests. There 
are other instances of new firms 
created essentially out of CERN 
requirements which have gone on 
to become highly successful in the 
export market. Equipment at CERN 
frequently sets new industry stand-



Around the Laboratories 

ards or serves as a long-term test-
bed whose stringent criteria are 
widely recognized and respected. 
CERN business also stimulates int
er-company collaboration and pro
duces cost savings. 

But the news is never all good. 
In one case, the rigorous technical 
requirements of CERN work made 
one company change its assembly 
line procedures. Later it was found 
that productivity fell! However 
such examples are very much the 
exception. The new study clearly 
shows that CERN continues to 
provide a powerful stimulus for 
European high technology industry. 

* Economic Utility Resulting from CERN 
Contracts — a study by M. Bianchi-Streit, 
N. Blackburne, R. Budde, H. Reitz, B. Sagnell 
H. Schmied and B. Schorr, available from 
CERN Publications, 1211 Geneva 23, 
Switzerland. 

The main auditorium of the University of 
Genoa's Institute of Physics was filled to 
capacity during the recent meeting on 
experiments for the HERA electron-proton 
collider now being built at the DESY 
Laboratory in Hamburg. 

DESY 
Experiments for 
new machine 

From October 1 to 3 last year, 
about 280 physicists from many 
countries, including the US, met 
in Genoa to discuss experiments 
to be performed at the new HERA 
electron (30 GeV)-proton (820 
GeV) collider being built at DESY 
in Hamburg and which should be 
ready for experiments in 1990. 

The main auditorium of the brand 
new Institute of Physics of the 
University of Genoa was packed 
full for all sessions and some addi
tional meetings took place in adja
cent lecture rooms. The meeting 
was excellently organized by Alber
to Santroni with the Genoa Section 
of the Istituto Nazionale di Fisica 

Nucleare INFN and by Peter von 
Handel at DESY. Sponsors were 
ECFA, the European Committee 
for Future Accelerators, and INFN. 

Talks and discussions concen
trated on physics, detector design 
and detector techniques, with par
ticular emphasis on jet calorimetry. 
Also the new head-on collision 
scheme introduced recently for 
HERA was discussed in detail (see 
October 1984 issue, page 331). 

Bjorn Wiik started the first ses
sion with a precise review of the 
present state of the construction 
work and of the planning for HERA. 
A summary of theoretical argu
ments was given in two invited 
talks by Roberto Peccei (who has 
just taken a position as senior 
scientist at DESY) and Guido Alta-
relli (Rome). Volker Soergel, chair
man of the DESY Directorate, gave 
an introduction and later summar
ized the final results of the meet-

(Photo INFN, Genoa) 



ing. He repeated the schedule for 
letters of intent for experiments 
(June 1985) and proposals (March 
1986). A final decision on at most 
three experimental facilities will be 
taken in June 1986 (see Septem
ber 1984 issue, page 277). 

Case studies for detectors were 
presented in Genoa by John Martin 
from Toronto, David Saxon (Ru
therford), Horst Oberlack (Munich), 
Franz Eisele (DESY), Friedhelm 
Brasse (DESY) and Umberto Dos-
selli (Padua). Carlo Rubbia 
(CERN/Harvard) showed how the 
now famous UA1 detector from 
CERN could be re-assembled (and 
modernized) to be used for the 
asymmetric electron-proton colli
sions at HERA. There were inter
esting contributions by David Cline 
(Wisconsin) on the use of a thin 
superconducting shield (against 
magnetic fields) around the beam 
pipe and by Ugo Gastaldi (CERN) 
on a spiral projection chamber 
which can be easily used as a cen
tral detector with cylindrical sym
metry and a minimum of material. 

All detector ideas presented at 
Genoa made use of some type of 
calorimeter consisting of a sand
wich of heavy material and read
out planes. A full afternoon was 
specially devoted to this subject. 
The session was led by Bill Willis 
(CERN) who gave an introduction 
and overview of the principles and 
practice of calorimetry. Another 
interesting presentation was given 
by Peter Jenni (CERN) who gener
ously shared with the audience 
much of the experience gained 
with the UA2 detector working on 
jets. 

The energy of a jet should be 
measured as independently as 
possible of its development as a 
hadronic or electromagnetic show
er. The use of uranium, as pro
posed about ten years ago by Bill 

Willis, seems still to be the best 
solution to this problem, due to 
the additional effect provided by 
the fission processes. This method 
has to contend with the high cost 
and the difficult handling of the 
uranium metal. Though these pro
blems can be solved — depleted 
uranium (without 235) will be used 
— strict regulations will make life 
difficult. Therefore efforts are being 
made to use other materials like 
iron, copper or lead. 

The read-out of the ionization 
can be done with several methods, 
like scintillators, gas chambers, 
liquid argon, some room tempera
ture liquids and silicon detectors. 
These methods were discussed 
in several contributions by Bill Wil
lis and Peter Jenni, by Wolfgang 
Walraff (Aachen), H. J. Meyer 
(Siegen), P. G. Rancoita (Milan), 
Hartwig Spitzer (Hamburg), Joa
chim Engler (Karlsruhe) and Carlo 
Rubbia. No method seems at pre
sent to be ideal and some recent 
developments, like cheaper silicon 
wafers, may yet change the situa
tion before final decisions are taken 
for HERA experiments. 

On the question of the layout of 
the intersection regions of HERA 
and on various types of back
ground, the audience heard an 
excellent presentation of the ex
perience with proton background 
from CERN's Intersecting Storage 
Rings and proton-antiproton Col
lider, given by Hans Hoffmann 
(CERN). 

A subject of crucial importance 
for experiments at HERA is the 
geometry of the crossing beams 
with the new head-on collision 
scheme. The main problem is the 
separation of the two beams on 
both sides of the interaction re
gion. From one of the required 
separating dipole magnets, syn
chrotron radiation from the electron 

beam would go into the exper
imental region with up to 25 kW 
power if a strong bending magnet 
is used. However even the few 
kW from a weaker magnet is still 
a problem. Acceptable designs 
seem to come up, as was ex
plained by Reinhold Kose, a mem
ber of the DESY machine group, 
and by Wulfrin Bartel (DESY) from 
the experimental side. For 30 GeV 
electrons, care must also be taken 
to avoid high energy synchrotron 
radiation photons which can scat
ter in all directions from an absor
ber and reach the detector. 

The separation of the beams in 
the head-on scheme will require 
the strong quadrupoles for the 
820 GeV protons to be placed 
further away from the interaction 
points, which will somewhat re
duce the luminosity of HERA. 

These problems did not discour
age the enthusiastic electron-pro
ton physics community. There 
were a lot of offers to help building 
the accelerator, and solidarity be
tween those working on the ma
chine and those preparing experi
ments was reflected in many cor
ridor discussions. The important 
information on particle structure 
and new insights into the under
standing of the fundamental inter
actions, which everybody hopes 
to obtain from the new machine, 
amply justify the efforts being put 
into this ambitious enterprise. 

CERN/ORSAY 
A section 
of collaboration 

Just before Christmas, a lorry trun
dled through the CERN gates carry
ing the first of the twelve complete 
accelerating sections for the 
600 MeV injector linac which will 



feed the giant LEP electron-posi
tron collider now being built at 
CERN. 

The 600 MeV linac will provide 
LEP's electron and positron beams, 
while a smaller machine upstream 
will furnish the 200 MeV high cur
rent electron beam for creating the 
positrons. 

Under a special agreement be
tween CERN and the Laboratoire 
de I'Accelerateur Lineaire (LAL) at 
Orsay, France, linac sections are 
assembled at LAL from compo
nents manufactured all over Eu
rope. These manufacturers suc
ceeded in meeting tight specifica
tions in close collaboration with 
experts.from CERN and LAL. 

The new building to house the LEP Injector 
Linac (LIL) at CERN. Installation is now 
underway and first linac beam is scheduled 
for later this year. 

(Photo CERN X536.2.84) 

First LEP linac beam is scheduled 
for the autumn. Installation is start
ing of the Electron-Positron Accu
mulator for the linac beams, and 
first electron beams are scheduled 
to be injected into the 'Proton' 
Synchrotron in the summer of 
1986. 

CERN 
Back from the North 

With the first big experiments to 
be mounted in the West Exper
imental Area of the SPS 450 GeV 
Super Proton Synchrotron now 
having accomplished their mission 
(see December 1984 issue, page 
431), the North Area, which came 
into operation in 1978, two.years 
after the West Area, is also seeing 
some notable retirements. 

After a distinguished career 
studying first lepton pair produc

tion and then direct photons, the 
NA3 experiment (a CERN/College 
de France/Ecole Polytechnique/Or-
say/Pisa/Saclay collaboration) is 
packing up. 

The experiment's first objective 
was the study of the production 
of muon pairs using different 
hadron projectiles — pions, kaons 
and antiprotons as well as protons 
from 150 to 400 GeV. Using heavy 
metal and liquid hydrogen targets, 
the produced dimuons were ana
lysed in a large acceptance spec
trometer which included a big su
perconducting magnet. 

Away from sharp resonances 
which can decay into muon pairs 
(mainly the 3.1 GeV J/psi, but also 
the 9.7 GeV upsilon), the back
ground lepton pair spectrum is 
dominated by the so-called 'Drell-
Yan' mechanism — a quark and 
an antiquark from the colliding 
hadrons annihilate electromagneti-
cally into a short-lived energetic 
photon, producing in turn a lepton 
pair. 

The observed shape of the di-
muon spectrum gives a window 
into the deep interior (structure 
functions) of particles which cannot 
be directly studied in fixed target 
experiments — pions, kaons and 
antiprotons (see March 1980 issue, 
page 16). From a detailed study 
of J/psi production it was even 
possible to measure the gluon con
tent of the pion. 

However using the measured 
structure functions to calculate the 
expected overall magnitude of the 
dimuon signal, the observed levels 
are systematically higher. This 
difference — the 'K factor' — has 
since been the subject of much 
experimental and theoretical atten
tion, and has yet to obtain a uni
versally accepted explanation. 

The study of rare events has 
also proved fruitful — data on pro-



Downstream portion of the NA3 (CERN 
College de France/Ecole Polytechnique/ 
Orsay/Pisa/Saclay) experiment, showing 
its big proportional chambers (right) and 
the calorimeter used in the study of single 
photon production. 

(Photo CERN 64.8.79) 

duction of triple muons and of 
muon pairs with the same electric 
charge gave an upper limit for the 
production of hadrons carrying the 
'beauty' quantum number, and 
events containing four muons rev
ealed the production of pairs of 
J/psis — particles which only ten 
years ago were worth a Nobel 
prize just singly. 

After its thorough coverage of 
muon production in 1981 the ex

periment turned to another aspect 
of quark electrodynamics — the 
production of single photons (at 
wide angles). In hadronic collisions, 
these particles originate either from 
quark-antiquark annihilation (as in 
the 'Drell-Yan' mechanism), or 
from quark-gluon interactions. 

Extracting the tiny single photon 
signal from the overwhelming neu
tral pion background is an exper
imental challenge in fixed-target 

physics, and for this the apparatus 
was supplemented by a fine-grain 
shower chamber. 

The use of different hadron 
beams could probe the underlying 
production mechanism. In particu
lar, the simplest theoretical picture 
predicts a large difference between 
single photon yields from negative 
and positive pion beams, reflecting 
the very different quark composi
tion of the beams. In fact the ex
periment has found similar yields 
using different charged pion 
beams, and using protons. (Similar 
results are obtained by the NA24 
experiment by a Bari/Frei-
burg/Moscow/Munich collabora
tion.) 

As was the case with the K-fac-
tor with muon pairs, this result 
seems to indicate that something 
other than the simplest quark pic
ture is required, perhaps gluon 
contributions. Results should soon 
be available on the production of 
two prompt photons, which in the 
simplest picture should be even 
more beam dependent than single 
photon spectra. 

After a final search for unusual 
penetrating particles, the apparatus 
was partly dismantled, but a large 
portion of the spectrometer will 
find a new lease of life in the big 
NA34 experiment to study high 
energy production of leptons (see 
September 1984 issue, page 280). 

Getting the Periodic 
Table on-line 
Although rarely in the limelight, 
the ISOLDE on-line isotope sepa
rator at the CERN 600 MeV syn
chro-cyclotron is a flourishing part 
of CERN's research programme. 
It provides beams of exotic ra
dioactive nuclei for some hundred 
physicists from Scandinavia, 



Nuclear beams covering more than half the 
Periodic Table are already available from 
the ISOLDE on-line isotope separator at 
the CERN 600 MeV synchro-cyclotron. 

France, Germany and the United 
States. 

Building on this success, the 
latest version (ISOLDE-3) of the 
separator is now being prepared 
(see November 1984 issue, page 
380). One of the major objectives 
is to extend the range of particle 
beams available, where a key role 
is played by the continuous devel
opment of targets and sources. 
These systems serve as the injec
tion end of the electromagnetic 
mass-separator and its associated 
beam optical system and deter
mine the quality and intensity of 
ISOLDE'S beams of radioactive 
nuclei. Concurrently with the intro
duction of new experimental tech
niques, the source requirements 
have been increased to the level 
where each experiment could need 
its own system made to measure. 
Recent results of this work are 
tantalum foil and calcium oxide 

targets for production of additional 
isotope beams. 

The future target and ion-source 
development does not seem to be 
limited by the lack of new ideas, 
in fact there exists at ISOLDE and 
in collaborating institutes a large 
capital of physico-chemical techni
ques and ideas in principle capable 
of making all elements available 
as ISOLDE beams. 

The status is that 66 elements 
are available as on-line beams. 
They can roughly be divided into 
two groups: one which consists 
of some 30 elements that are suc
cessfully separated with chemical 
selectivity and in high yields, and 
some 40 elements that are avail
able but do still leave room for 
improvements in yield and selec
tivity. 

The target and ion-source devel
opment is planned to continue 
along the path which has been so 

successful so far, tailored to the 
high resolution and intensity of the 
new ISOLDE-3 separator under six 
headings: 
A Search for target/ion-source 

combinations that make hither
to inaccessible elements 
available. 

B Development of methods for 
obtaining selectivity so that 
only beams of one element are 
transmitted to the analysing 
magnet. 

C Reduce the hold-up time in the 
target and ion-source system 
which often is responsible for 
decay losses of up to a factor 
of 1000 for the most short
lived nuclei. 

D To improve the ion-sources in 
order to increase the ionization 
efficiency which for about 40 
of the elements still remains 
below one per cent. 

E To study the emittance and 
energy spread of the ion-
sources in order to match them 
to the high resolution property 
of the ISOLDE-3 separator. 

After six years as leader of 
the ISOLDE group at CERN, 
Bjorn Jonson soon returns 
to Sweden to become Pro
fessor at Chalmers University 
of Technology. Under his 
leadership the group has ad
mirably combined the devel
opment and application of 
new experimental techniques 
with a vigorous research pro
gramme of physics with new 
and rare radioactive decays. 
He is succeeded by Jurgen 
Kluge from Mainz, well-
known at ISOLDE for his 
work in optical pumping and 
laser spectroscopy. 



After 3000 kilometres of 70 mm film, the 
last photograph from the BEBC bubble 
chamber at CERN emerges from the 
processing unit. 

(Photo CERN 99.12.84) 

F Develop thrn targets of less 
refractory materials which, in 
conjunction with the future 
intense helium 3 beam and 
consumable target technique, 
could increase the number of 
accessible elements. 

On all these six fronts, ideas and 
techniques are well advanced, 
promising that the new ISOLDE-3 
separator could well attain the 
alchemist's dream of supplying 
the whole Periodic Table of ele
ments on-line. 
From Helge Ravn 

Track record 

The 3.7 m diameter Big European 
Bubble Chamber (BEBC) recently 
retired from CERN physics after 
eleven years of operation, first 
with beams from the 28 GeV Pro

ton Synchrotron, then fed by the 
450 GeV SPS Super Proton Syn
chrotron (see December 1984 is
sue, page 432). 

During 13 million expansions, 
6.3 million photographs were tak
en, mostly with four or five sepa
rate views, making up 3000 kilo
metres of 70 mm film! 25 runs were 
made for 22 experiments using 
exposures to neutrino and hadron 
beams, with the magnet (the lar
gest store of superconducting en
ergy in the world) being kept cold 
for 86500 hours (ten years), and 
at full current for 25000 of those 
hours. The chamber was filled with 
liquid hydrogen, deuterium or 
neon/hydrogen mixture. 

As the years progressed, BEBC 
became more a 'hybrid' detector, 
being supplemented for neutrino 
exposures with a two-plane Exter
nal Muon Identifier (EMI) containing 
150 square metres of wire cham

bers and an internal picket fence 
(IPF) covering almost 360°. Also 
for neutrinos, the Track-Sensitive 
Target (TST) was used, offering 
the simplicity of a liquid hydrogen 
target with the stopping power of 
a surrounding heavier liquid. For 
hadron experiments, an External 
Particle Identifier (EPI) was used 
to identify the emerging particles. 

Some 50 Laboratories partici
pated in the analysis of BEBC film. 
Not counting contributions to con
ferences, over 100 papers have 
already been published. However 
a lot of BEBC film, mainly from 
neutrino exposures, has not yet 
been analysed, so the final total 
will be much higher. 

The precise number of research
ers who used the chamber over 
the years is impossible to deter
mine precisely, but it is at least 
550. Some two-thirds of these 
users participated in only one ex
periment, the remaining stalwarts 
being involved over the years in 
up to nine experiments. Almost a 
quarter of the physicists now ac
tive at CERN participated at one 
time or another in studies using 
BEBC. 

BEIJING 
Groundbreaking 

On 7 October 1984, ground was 
broken for the new Beijing elec
tron-positron collider, BEPC. Wield
ing the first shovel was Chinese 
Premier Deng Xiaoping, followed 
by many other Chinese dignitaries 
and visitors, including US Presiden
tial Science Advisor George Key-
worth. 

The ceremony was very impres
sive mainly because it demon
strated to the world the commit
ment to high energy physics on 



Chinese Premier Deng Xiaoping participates 
in the groundbreaking ceremony for the 
new Beijing electron-positron collider, 
scheduled to provide 5.2 GeV collisions 
in 1988. 

the part of the highest levels of 
the Chinese government. In the 
various addresses, continuing re
ference was made to the desirabil
ity of completing BEPC on sched
ule, which means beam by 1988. 
There was a major banquet in the 
evening attended by about 400 
people including many from the 
Chinese leadership. State Counsel
lor Feng Yi and George Keyworth 
presented toasts to the success 
of BEPC and similar sentiments 
were expressed by James Leiss 
of the US Department of Energy 
and the President of the Chinese 
Academy of Science Lu Jiaxi. 

As is often the case with 
groundbreaking ceremonies, 
ground had already been broken 
prior to the occasion, in fact the 
excavation for the injector section 
is well advanced and work on 
many of the components and sub
systems had been in progress for 

some time. Subsequent to the 
groundbreaking ceremony the 5th 
Cooperative Agreement between 
the US and China was signed by 
James Leiss for the US and 
Madam Gu Yu, Counsellor to the 
Academy of Sciences, representing 
the Chinese government. This 
agreement provides for a large 
number of specific items in which 
US physicists and engineers will 
be involved in support work for 
BEPC. 

BEPC is to operate up to 5.2 
GeV collision energy, hopefully at 
luminosities in excess of that now 
obtained at the SPEAR ring at 
Stanford, which is the only West
ern machine operating at this ener
gy region. The reason for this 
choice of energy was the observa
tion that with the exception of 
SPEAR all other electron-positron 
colliders in the world were operat
ing either below or above the BEPC 

energy, while at the same time the 
fields of investigation accessible 
in that energy region are demon
strating continuing richness. Since 
SPEAR is only operating for high 
energy physics half-time, with the 
other half dedicated to synchrotron 
radiation, the work at SPEAR has 
uncovered new physics questions 
more rapidly than it has answered 
them. 

BEPC will also have numerous 
external beams for synchrotron 
radiation and its linear accelerator 
injector could be used for nuclear 
physics. However, the primary 
goal is high energy particle physics 
and work on the construction of 
a detector is proceeding in parallel 
with the machine construction. 

KEK 
Testing TOPAZ 

KEK, the Japanese National Labo
ratory for High Energy Physics, 
recently carried out successful 
tests of a thin shell superconduct
ing solenoid of 2.9 m in diameter 
and 5.1 m in length with only 0.71 
radiation length thickness. The 
solenoid is for the TOPAZ electron-
positron colliding beam detector, 
one of three major detectors cur
rently being built at TRISTAN. 

TOPAZ is a general purpose 
detector, which features an im
proved version of a Time Projec
tion Chamber (TPC) to record three 
dimensional tracks and ionization 
densities for emerging charged 
particles. This solenoid, when used 
with iron-yoke structure, provides 
a very uniform magnetic field of 
1.2 Tesla and enables the TPC to 
make a good momentum measure
ment. Outside the solenoid, there 
will be a lead glass barrel calori
meter, which requires the solenoid 



Designer A. Yamamoto of KEK stands 
beside the thin shell superconducting 
solenoid for the TOPAZ experiment at the 
TRISTAN electron-positron collider now 
under construction at KEK. In the 
background can be seen the cryogenic 
assembly used in testing the new solenoid. 

(Photo KEK) 

be as thin as possible. A newly-
developed Internal winding meth
od' for the coil was an essential 
step in fabricating this solenoid. 

The TOPAZ thin superconducting 
solenoid was built jointly by Furu-
kawa Electric and KEK in coopera
tion with Ishikawajima-Harima Hea
vy Industries and Fuji Electric. The 
single layer coil is designed to pro
duce a maximum magnetic field of 
1.2 Tesla with a stored energy of 
19 MJ at 3650A when operated 
with an iron return yoke. The nio
bium-titanium/copper supercon
ductor, stabilized by high-purity 
aluminium, was wound on the in
side of a 9 mm-thick high strength 
aluminium alloy cylinder. 

This 'internal winding method' 
developed at KEK has many advan
tages over the conventional fabri
cation technique of winding a coil 
on a cylindrical bobbin. A strong 
electromagnetic force causes the 

coil to swell outwards. With the 
conventional design, an additional 
banding of the coil is needed to 
withstand this force. With the in
ternal winding method, an outer 
cylinder naturally provides rein
forcement against this force. The 
0.71 radiation length 'thinness' of 
the coil was a direct result of this 
technique, together with the 
adoption of design criteria for aero
space applications to reduce the 
thickness of the cryostat wall, 
while still meeting the safety requi
rements. The internal winding 
method also allows cooling pipes 
to be welded to the surface of the 
outer cylinder before the coil is 
fabricated. This guarantees far 
better reliability in the cooling char
acteristics than conventionally 
epoxied cooling pipes. 

The test of the solenoid was 
performed without an iron yoke 
during September and October 

1984 at the Furukawa-Teisan 
Cryogenic Test Facility. A central 
magnetic field of 0.86 Tesla was 
obtained in air at a current of 
3000 A, in agreement with the 
design values. The coil was indi
rectly cooled down by a forced 
flow of two-phase helium at a rate 
of about 2 K/hour from 300 K to 
130 K and 4 K/hour from 100 K 
to 4.2 K in order to avoid thermal 
stress and mechanical damage. 
The temperature difference within 
the coil was kept within 50 K. It 
took about five days to cool down 
the coil from room temperature to 
4.2 K. Under the stable operating 
condition at a coil temperature of 
less than 4.5 K, the total amount 
of refrigeration power required 
was less than 42.6 W with a he
lium mass flow of 2.23 g/s. 

A number of tests were repeated 
to measure the quench behaviour 
of the coil. Sudden switch-off at 
3000 A showed that a quench 
occurred within 1-1.5 sec after 
cutting off the power and the entire 
coil went back to normal without 
creating any hot spot. Forced 
quench tests were also made with 
use of a heater at excitation cur
rents of 1000, 1500 and 2500 A. 
Equivalent quench propagation 
speeds of 2.6, 5.0 and 7.7 cm/s 
along the axis of the coil were ob
tained from these tests. All these 
results show that the coil is well 
protected against possible da
mages due to quenching, and that 
the design criteria for safety are 
satisfied. 

The TOPAZ solenoid is now 
transferred to KEK and will be put 
into an iron return yoke which is 
under construction at the Tsukuba 
experimental hall, where the 
TOPAZ detector is to installed. A 
magnetic field measurement with 
the return yoke is scheduled in 
June. 



A view of the superconducting power 
transmission system at Brookhaven, with 
the pipe containing the superconducting 
cables seen in the centre. In the left 
foreground is one of the four terminations 
which make the transition from the 7 K 
environment of the cable to the ambient 
temperature electrical bus bars connected 
to the power supplies. 

(Photo Brookhaven) 

BROOKHAVEN 
Superconducting 
power transmission 
Back in the early 1970s members 
of the Accelerator Department at 
Brookhaven began to apply the 
expertise gained in the develop
ment of superconducting magnets 
to the problem of using supercon

ductors in other power engineering 
devices such as underground trans
mission lines and synchronous 
alternators. 

Since 1972 Brookhaven has 
been developing an underground 
superconducting power transmis
sion system. The technical charac
teristics of the system are compar
able to overhead transmission 
lines, i.e., the power transmitted 
is very large and such a system 

could carry power for hundreds of 
kilometres without electrical net
work problems or big losses. Of 
course, the big attraction of a 
superconducting system is that 
the physical size is orders of mag
nitude less than overhead lines 
carrying the same power. The dif
ference in size is illustrated by the 
demonstration test facility at 
Brookhaven. This site tests cable 
rated for 1000 MVA (three-phase) 
in a pipe with an outside diameter 
of 40 cm, whereas the towers for 
an overhead three-phase line of 
this power rating would be about 
30 m wide and 40 m high. Con
struction of the test facility began 
in 1975. Prior to this the emphasis 
was on the development of super
conducting and insulating materials 
for a cable operating at 60 Hz. A 
considerable effort also went into 
cryogenic and systems engineer
ing. 

The cables under test at Brook
haven are rated for a maximum 
continuous current of 4100 A and 
line-to-ground voltage of 80 kV 
(60 Hz), corresponding to 
1000 MVA on a three-phase basis. 
The cable was made at Brook
haven in one length of about 
300 m in 1981, then cut and in
stalled in a vacuum-insulated pipe 
in two lengths of 150 m each. 
After the terminations were added 
at each end, the system was oper
ated for the first time in 1982. The 
Brookhaven site is the only one in 
the world designed to test cables 
with simultaneous voltage and 
current excitation at the 1000 MVA 
level. More than 2000 hours of 
operating time have been accumu
lated since 1982. In October 1984, 
the sixth run at the site was per
formed. It lasted for 27 days, of 
which about two weeks formed 
an electrical life test, one week 
was run at 3000 A and 80 kV per 



This array of nine modules of lead/ 
scintillator read out via a wavelength shifter 
to a silicon phototriode, built by a 
Hamburg/DESY/Max Planck Institute Munich 
team, has been giving good results. The 
aim is to build a 144 module version to 
measure electron energies in the CELLO 
detector at the PETRA electron-positron 
collider at the German DESY Laboratory in 
Hamburg. 

cable, and another week at 4100 A 
and 80 kV per cable. At the end 
of the life test the current was 
raised to 6000 A for 30 minutes, 
an emergency rating specified to 
correspond to electric utility com
pany needs. As there was no di
stress after the specified period 
the voltage was then raised to 
110 kV, corresponding to 
2000 MVA per three-phase circuit. 
The tests were completed without 
damage to the cables or cryogenic 
equipment. The site operates unat
tended except for the normal day 
shift — if the control computer 
detects problems, a standby oper
ator is called on the phone and the 
computer delivers a voice synthe
sized message on the system sta
tus. 

Numerous papers have been 
published over the years on the 
development and operation of the 
superconducting transmission 
system. Anyone wishing more 
information should drop a line 
indicating their field of interest to 
Mrs. E. Taylor, Building 815, 
Brookhaven National Laboratory, 
Upton, New York 11973, USA. 

DETECTORS 
Scintillating 
developments 

Many electromagnetic calorimeters 
measure the location and amount 
of electromagnetic energy de
posited by particles by picking up 
the light produced in scintillating 
materials (see October 1984 issue, 
page 338). 

Conventionally, these tiny flashes 
of light are measured by high-gain, 
multistage photomultipliers. How
ever under certain conditions pho
tomultipliers can develop non-linear 
responses and/or other shortcom

ings which limit their usefulness 
for high precision calorimetry. 
Monitoring the voltages of arrays 
of thousands of photomultipliers 
poses its own special problems. 
In addition, some new calorimeter 
designs employ high internal mag
netic fields which prevent the use 
of photomultipliers. 

Preliminary investigations of the 
use of large photodiodes by a Max 
Planck Institute (Munich) team sev
eral years ago were promising. 
Now alternatives to photomulti
pliers are coming into more general 
use. New projects are planning the 
use of both photodiodes (which 
do not directly amplify the signal) 
and phototriodes (effectively single 
stage photomultipliers). 

Intrigued by the successful appli
cations of photodiodes to BGO 
crystals by the Munich team, a 
group at Hamburg University and 
DESY performed tests with lead-

scintillator sandwiches read out 
by silicon photodiodes. One of the 
objectives is to build a compact 
electron tagging counter for the 
CELLO detector at the PETRA elec
tron-positron collider, in a location 
where a magnetic field of 1 T has 
to be contended with. 

Initial results proving the feasi
bility of the scheme were reported 
last year. Recently MPI Munich 
joined the collaboration, providing 
low cost, low noise amplifiers to 
amplify the small photodiode sig
nals. 

In order to successfully apply 
photodiode readout, the light yield 
from the sandwich has to be op
timized. By concentrating the scin
tillation light on a small area diode 
via a wavelength shifter bar, 
acceptable signal-to-noise ratios 
have been obtained. A low cost 
scintillator was combined with a 
specially-matched wavelength 



shifter emitting in the green 
(around 500 nm) to profit from the 
relative high quantum efficiency of 
the silicon photodiode used (Ha-
mamatsu S1790). 

Work at the Rutherford Appleton 
Laboratory (UK) aims at developing 
a readout system for the end-caps 
of the electromagnetic calorimeter 
for the OPAL detector being built 
for the future LEP electron-positron 
collider at CERN (see November 
1984 issue, page 375). Lead glass 
instrumented with vacuum photo-
triodes (VPTs) has been operated 
in a test beam while subject to 
strong magnetic fields, achieving 
performance which can equal that 
obtained with conventional photo-
multipliers. 

To work efficiently, the VPT had 
to achieve gains of 10-20. The 
anode signal from the triode is 
small and a supplementary low-
noise, high-gain amplifier is re

quired. VPTs from three manufac
turers (Hamamatsu, EMI and Radio-
technique Compelec) were used 
in the tests. A similar project is 
afoot with the readout for the time-
of-flight scintillators and the lead 
glass electromagnetic calorimeter 
end-caps for the DELPHI experi
ment for LEP (see July/August 
1984 issue, page 227). 

The L3 experiment for LEP, 
where all the instrumentation is 
enclosed in a large magnetic 
'room', plans to use silicon pho-
todiodes coupled to low noise 
amplifiers to read out the 12000 
crystals of BGO (bismuth germa-

The MH64V hybrid circuit developed at 
Saclay has 64 sockets corresponding to 
the 64 parallel electronic input channels 
and 2 groups of 7 pins corresponding to 
the 2 series outputs and the operating 
signals of the 2 fully independent 
half-modules. Inserted into a suitable rig, 
it provides an example of a detector with 
integrated electronics. 

nate) scintillator used in the elec
tromagnetic calorimeter. 

Photodiode readout is also envis
aged for a new experiment at Cor
nell's CESR electron-positron col
lider as a remplacement for the 
original CLEO detector. 

Integrated-electronics 

More and more sophisticated mi
cro-electronics methods are con
tinually improving dimensional as
pects and electronic or logic func
tions while at the same time in
creasing the power dissipation or 
the resistance of circuits to ionizing 
radiation. 

The size of experimental equip
ment used for particle physics is 
ever increasing. For detectors, the 
ever greater precision in location 
demanded means that the number 
of sensor elements needed for one 
experiment is rising alarmingly. 

In an attempt to provide at least 
a partial solution to this type of 
problem, the Instrumental Methods 
Section of Saclay's Elementary 
Particle Physics Department is de
veloping a 25 x 25 x 6 mm hybrid 
electronic circuit combining 64 
electronic channels. Each channel 
amplifies, discriminates, shapes 
and delays the input signal before 
it is stored in a shift register by 
the action of a trigger. Internal 
logic makes readout possible from 
a given time and at the desired 
rate. 

Owing to its sensitivity, this mo
dule can be operated with the sig
nals from conventional proportional 
chambers. The registers are at 
present shifted at 25 MHz, which 
means that readout times are very 
short, even for fairly large detec
tors. Because of their low power 
consumption, modules can be cou
pled to cover areas covering sev-



Delegates to the 7th International 
Conference on Atomic Masses and 
Fundamental Constants held near Darmstadt 
enjoy a choral concert in the monastery of 
Eberbach. 

(Photo A. Zschau) 

eral square metres. 
The module, inserted in a suita

ble rig with its 64 spikes acting as 
anodes, has demonstrated its abil
ity to detect and locate photoelec-
trons released by ultra-violet radia
tion, thus providing an example of 
a self-contained, integrated-elec-
tronics detector (with electronic 
multiplication in the gases). 

If the module is judiciously used, 
its characteristics would seem to 
offer a wide range of applications 
in physics, data processing or else
where. 

Further information from G. Corn-
by, Service des Techniques Instru-
mentales, CEN-Saclay, 91191 
Gif-sur-Yvette Cedex, France. 

CONFERENCE 
What happened at 
AMCO 7? 

The 7th International Conference 
on Atomic Masses and Fundamen
tal Constants (AMCO-7), organized 
by the Gesellschaft fur Schwerionen-
forschung (GSI) and Technische 
Hochschule Darmstadt, was held 
in September at Seeheim, near 
Darmstadt. 150 participants from 
19 countries met to discuss the 
progress in the field of measuring 
and calculating atomic masses as 
well as in related fields. 

Generally speaking, the mass of 
an atom reflects besides the bulk 
contribution — the mass of the 
spherical droplet-nucleus made out 
of Z protons and N neutrons plus 
electronic effects — the influence 
of nuclear structure, as there are 
contributions to the mass from 
shell effects or from nonspherical 
shapes of nuclei. At AMCO-7, the
oretical models for describing 
masses and moments were re
viewed extensively, following the 

'traditional' lines of the Liquid Drop 
Model, the Shell Model and of Har-
tree-Fock calculations. A general 
comprehensive compilation of 
atomic mass predictions from var
ious model calculations was pro
posed at the conference, with 
P. Haustein acting as a coordinator. 
As a common data base the exper
imental masses of more than 2000 
nuclei can be used which have 
been critically compiled in a new 
mass table presented by A. Wap-
stra. 

The importance of shape de
grees of freedom was shown for 
nuclei around radium 222, which 
theory predicts to have an octupole 
pear-shape deformation (A. Sobic-
zewski). This deformation is seen 
in the level schemes of the nuclei 
and is inferred from charge radii 
of radium isotopes measured re
cently at CERN (K. Wendt). An 
additional binding energy of a few 
MeV is due to the appropriate de
gree of freedom. Large sausage-
shape deformations have been 
shown to increase the binding of 
the heaviest nuclei (K. H. Schmidt). 
An increase of fission barriers by 
a few MeV for the heavy elements 
(Z= 106-114) for neutron numbers 
around 162 is predicted and addi
tionally stabilizes heavy elements 
against spontaneous fission. The 
detection of the elements 107-109 
in recent years by alpha decay 

became possible, as these latter 
deformations increase the fission 
lifetime by orders of magnitude. 

High precision mass measure
ments corroborate the interesting 
finding of a mutual enhancement 
of neutron and proton shell clo
sures and other nuclear structure 
effects. 

As nearly all recent mass 
measurements deal with nuclei far 
from stability, the properties of 
these nuclei become more and 
more an important part of the 
AMCO programme. New exper
imental devices for on-line mass 
measurement have been presented 
(K. Sharma, A. Muller). 

Besides reviews on the status 
of neutrino mass measurements, 
new measurements of beta decay 
couplings were presented, includ
ing that of the relative level of par
ity violation in the decay of polar
ized neutrons with a precision bet
ter than one per cent (E. Klemt). 

Recently new radioactive decay 
modes have been discovered. New 
examples for proton-radioactivity 
out of the ground state have been 
presented (S. Hofmann, T. Faester-
mann). These measurements allow 
a precise location of the proton 
drip line and contribute to a mass 
determination at the limits of sta
bility. The decay of radium 223 
by emission of carbon 14 has been 
seen at Orsay as well as Oxford 



People and things 

and CERN. Lithium 11 decays 
through beta-delayed emission of 
tritons (M. Langevin). 

Reflecting the growing contact 
between nuclear physics and quark 
physics, the meeting concluded 
with a session on quantum chro-
modynamics (QCD), the theory of 
quark interactions. The understand
ing of spin-orbit coupling, which 
governs the shell closures in nuclei, 
now finally can be understood from 
the fundamental interaction con
stant of QCD (K. Bleuler). The 
masses of nucleons follow from 
lattice calculations as presented 
by G. Schierholz. 

The new relevance of QCD for 
nuclear physics revives the old 
dream of being able to deduce the 
masses of nuclei from one funda
mental quantity — the coupling 
constant of strong interactions. 

However this is not for tomor
row, and in view of the interesting 
and active nuclear physics pro
gramme presented at Seeheim, a 
continuation of the series of AMCO 
conferences is planned with 
AMCO-8 to be held in 1989. At 
AMCO-7 proposals were made to 
organize this meeting in Israel, 
Poland or the USA. 

From P. Armbruster and E. Roeckl. 

On people 

The Soviet State Prize for Science 
and Technology has been awarded 
to the renowned field theory team 
of N. Bogolyubov, A. A. Logunov 
and D. V. Shirkov for their set of 
papers 'the renormaiization group 
method in the theory of fields', 
written in the mid- 1950s and 
which combined the use of pertur
bation theory with differential 
group equations. 

Sidney Drell, deputy director of 
the Stanford Linear Accelerator 
Center and co-director of Stan
ford's Center for International Se
curity and Arms Control is the reci
pient of a five-year award from 
the MacArthur Foundation. 

Fermilab Director Emeritus Robert 
R. Wilson receives the Enrico Fermi 

Award, the highest scientific hon
our of the US Department of Ener
gy, for his 'outstanding contribu
tion to physics, particle accelerator 
design and construction'. 
Theorist Efim Samoilovitch Fradkin 
of the Lebedev Institute in Moscow 
recently celebrated his sixtieth 
birthday. His many contributions 
to quantum field theory and quan
tum statistical mechanics cover 
thirty years and have earned him 
widespread recognition. Corre
sponding Member of the Soviet 
Academy of Sciences, he has been 
awarded the USSR State Prize and 
the I.E. Tamm Prize. 

The US Department of Energy recently sent 
some of its officials to CERN to visit the 
UA 1 experiment which has collaborators 
from Harvard, the University of California 
at Riverside and Wisconsin University. Left 
to right, Carlo Rubbia (CERN and Harvard) 
head of the UA 1 experiment, Bemie 
Hildebrand (DOE), David Cline (Wisconsin) 
and James Rohlf (Harvard) are seen here 
in discussion at UA1. 



CERN Council President for 1985 is 
Wolfgang Kummer of Austria (right) seen 
here with outgoing President Sir Alec 
Merrison (UK). At the December Council 
session, tributes were paid to Sir Alec's 
skill in leading the work of Council over the 
past three exciting years. 

(Photo CERN 211.12.84) 

CERN Council 

At its December session, CERN 
Council elected Wolfgang Kummer 
of Austria as its President for 
1985, succeeding Sir Alec Merri
son of the UK, President since 
1982. J. Rembser of West Ger
many was reappointed as Vice-
President for 1985. 

For the Scientific Policy Commit
tee, D. H. Perkins of Oxford was 
elected Chairman for 1985, and 
K. Tittel of Heidelberg was reap
pointed as member for three years. 
J. Cronin of Chicago becomes a 
member of the committee for the 
next three years. 

Within CERN, Roy Billinge was 
reappointed as Leader of the Pro
ton Synchrotron Division for three 
years and Paolo Zanella reap
pointed Leader of the Data Han
dling Division for one year. 

IUPAP elections 

The General Assembly of the Inter
national Union of Pure and Applied 
Physics (IUPAP) met in Trieste in 
October. At this meeting the Peo
ple 's Republic of China became a 
full member of IUPAP. Officers and 
members of the various IUPAP 
international commissions were 
elected for the next term of office 
(1985-87). The C11 Commission 
on Particles and Fields which was 
created in 1957 is responsible for 
sponsoring the major high energy 
physics conferences and is the 
parent body of the International 
Committee for Future Accelerators 
(ICFA). The 1985-87 membership 
of the C11 Commission is: I. Man-
nelli, Italy (and CERN) (Chairman); 
K. Strauch, USA (Harvard) (Secre
tary); M. Blazek, Czechoslovakia; 
A. Donnachie, UK; T. Fujii, Japan; 

G. 'tHooft, The Netherlands; 
P. Lehmann, France; E. Lohrmann, 
West Germany; P. K. Malhotra, 
India; V. A. Matveev, USSR; W. 
K. H. Panofsky, USA; Zhao Zhou 
Guan, People's Republic of China. 

The Executive Council of IUPAP 
also appointed as associate mem
bers to the C11 Commission 
B. Povh, West Germany, with the 
task of liaising with the Com
mission on Nuclear Physics; D. 
N. Schramm, USA, liaison with the 
newly created Commission on 
Astrophysics, and R. C. Shellard, 
Brazil, as representative of devel
oping countries. 

American Physical Society 

Last year, voting took place 
for the new Executive Committee 
of the Division of Particles and 
Fields of the American Physical 
Society. The new composition is: 
James Cronin (Chicago): Chairman, 
Stephen Adler (Princeton): Vice-
Chairman, Gerson Goldhaber (Ber
keley) : Divisional Councillor, John 
Peoples, Jr. (Fermilab): Past Chair
man, Maris Abolins (Michigan 
State), Gary Feldman (SLAC), Ro
bert Palmer (Brookhaven), Chris 
Quigg (Fermilab), Jonathan Rosner 
(Chicago), Lawrence Sulak (Michi
gan), and Thomas Ferbel (Roches
ter): Secretary-Treasurer. 

Meetings 

A NATO Advanced Study Institute 
'New Vistas in Electro-Nuclear 
Physics' will be held in Banff, Al
berta, Canada, from 22 August to 
4 September. Applications to 
E. Tomusiak, Department of Phy
sics, University of Saskatchewan, 
Saskatoon, Saskatchewan, Ca
nada, S7N OWO. 

As mentioned in previous editions 
(see, for example, December 1984 
issue, page 442), the 1985 Inter
national Symposium on Lepton 
and Photon Interactions at High 
Energies is'being held in Kyoto 
from 19-24 August (further infor
mation from the Secretariat, Re
search Institute for Fundamental 
Physics, Kyoto University, Kyoto 
606, Japan). In addition, a sympo
sium celebrating the 50th jubilee 
of Yukawa's meson theory will be 
held, also in Kyoto, immediately 
beforehand. As well as surveying 
the developments of the past half-
century, the symposium, which 
aims to attract 200 invited partici
pants, will also look to future fun
damental theories. Further informa
tion from the address above. 

A conference on Computing in 
High Energy Physics will be held 
at Amsterdam, the Netherlands, 



Antiprotons 1984 
After a break of more than 
a year, the CERN SPS Collider 
started operation at the end 
of September and when the 
last colliding protons and 
antiprotons were dumped on 
20 December the integrated 
luminosity recorded for the 
period (a measure of the ac
cumulated number of proton-
antiproton collisions) attained 
395 inverse nanobars 
(nb~1), compared with 
153 nb~1 during the historic 
run in Spring 1983 which 
discovered the Z° particle 
and produced the first evi
dence for the 'top' quark. 

From the start the energies 
of the colliding proton and 
antiproton beams were in
creased from 270 to 315 
GeV as a result of the instal
lation of water booster 
pumps, providing a new col
lision energy record of 
630 GeV. The squeezing of 
the beams in the region of 
the experiments was also 
improved so that the com
bined effect even from the 
initial coasts gave luminosi
ties above 1029cm~2s-1, ri
valling the best levels of 
1983. 

In the initial month of the 
run, the accumulated luminos
ity marched steadily forward 
to the 50 nb~1 level, with 
initial collision luminosities 
increasing to above 2 x 
1029cm-2s~1. A crop of pow
er supply problems and other 
glitches hampered progress 
for a while, but by the eighth 
week the Collider was pro
gressing again and the skill 
of the operating teams show
ed itself as initial luminosities 
bounded to over 3 x 1029, 
reaching a record level of 
3.6 x 1029cm~2s-\ 2.3 
times that of the 1983 run. 

Despite improving the sta
bility of the accelerating sys
tem, the luminosity lifetime 

(the combined effect of 
proton and antiproton 
beam lifetime and emittance 
growth) was for most of the 
period no better than in 
1983. Then, the conse
quences of a vacuum leak 
on a main ring dipole were 
realized and repaired. Later 
a resonant kick from the thy-
ristors of the main power 
supplies transmitted through 
the main dipoles was elimi
nated. By the end of the per
iod the luminosity lifetime 
was as high as 24 hours and 
increasing even to above 30 
hours at the end of long 
coasts. With coasts lasting 
this long, the integrated lumi
nosity per coast became reg
ularly 15nb~1. 

The Antiproton Accumula
tor behaved remarkably well 
throughout the period and 
achieved a new record for 
stacking antiprotons with a 
maximum of 3.8 x 1011 

and regularly achieving 
more than 3 x 1011. 

First tests on separating 
the beams in the unwanted 
crossing points were very 
successful with the beams 
behaving remarkably calmly 
as the protons and antipro
tons were moved apart and 
then brought back again. This 
bodes well for the future 
operation with ACOL when 
six proton bunches will collide 
with six antiproton bunches 
and unwanted crossing points 
need to be avoided to keep 
the beam-beam non-linear 
tune spread within the avail
able space of the tune dia
gram. 

Some express data pro
cessing enabled physicists 
to keep score of interesting 
physics events, promising a 
good crop of results for the 
1985 conference season and 
ensuring that CERN remains 
in the world physics spotlight. 

from 25-28 June. It is jointly organ
ized by the section H of the Nether
lands National Institute for Nuclear 

Physics and High Energy Physics 
(NIKHEF-H) and the Computer 
Science Department (FVI) of the 

University of Amsterdam and will 
be devoted mainly to three sub
jects : networking, embedded sys
tems and vector and parallel pro
cessing. It may be regarded as a 
sequel to the conferences held in 
Padua, Italy, in 1983 and in Gua
najuato, Mexico, in 1984. For 
further information please contact 
Ms. I. van der Velde, NIKHEF-H, 
PO Box 41882, 1009 DB Amster
dam, Netherlands. 

The Sixth Workshop on Grand 
Unification is to be held at the Uni
versity of Minnesota from 
18-20 April. This will be the sixth 
in a regular series of workshops, 
the latest of which was held at 
Brown University in Providence, 
Rhode Island in April 1984. Topics 
will include grand unified theories 
and proton decay, supersymmetry, 
Kaluza-Klein Theories and 
cosmology. 

Further information from the 
organizers, Serge Rudaz and Tom 
Walsh, Physics Laboratory, Uni
versity of Minnesota, 116 Church 
Street S.E., Minneapolis, Minnesota 
55455, USA. 

The 1985 CERN/Joint Institute for 
Nuclear Research (JINR, Dubna, 
USSR) School of Physics, the ninth 
in the series, will be held from 
1-14 September at Urbino, Italy. 
The basic aim of these schools is 
to teach various aspects of high 
energy physics, especially theore
tical, to young experimentalists 
drawn mainly from CERN and JINR 
Member States. Further information 
from Miss D. A. Caton, Scientific 
Conference Secretariat, CERN, 
1211 Geneva 23, Switzerland, or 
Mrs. T. S. Donskova, Joint Institute 
for Nuclear Research, PO Box 79, 
Head Post Office, 101000 Mos
cow, USSR. 



RUTHERFORD APPLETON LABORATORY 

R E S E A R C H A S S O C I A T E 
There is a vacancy for a Research Associate wi th in the 
High Energy Physics Division to work on a programme 
of particle physics experiments associated wi th the 
Spallation Neutron Source (SNS) at the Rutherford 
Appleton Laboratory. 

The SNS is an 8 0 0 MeV, 200uA , 50Hz rapid cycling 
proton synchrotron scheduled to start operation in 
1985. A major low energy neutrino facility is being 
constructed by KfK, Karlsruhe in association wi th R A L 
An experimental team of German and UK physicists 
has been formed to exploit this facility. Initially the RA 
appointed would join this team in a study of neutrino 
oscillations, inelastic neutrino scattering f rom nuclei 
and inverse p-decay. The experiments wil l be carried 
out using a 50 ton segmented liquid scintillator detec
tor which is scheduled to be completed and ready to 
detect neutrinos during 1986 . In the longer term it is 
intended to study neutrino-electron scattering and it is 
hoped that the RA appointed would participate in the 
design study for a second 50 ton detector devoted to 
this interaction. 

Research Associate appointments are made for 3 
years in the first instance, w i th the possibility of exten
sions for a further 2 years. 

Please wri te for an application form quoting VN 3 0 4 to 
Recruitment Office R20 
Rutherford Appleton Laboratory 
Chilton Didcot 
Oxfordshire OX11 OQX ENGLAND 

Max-Planck-1nstitut fur Plasmaphysik 
D 8046 Garching bei Munchen (W. Germany) 

Telephone: Munich 089/3 2 9 9 1 

We are a modern research establishment situa
ted close to Munich (W. Germany) and devoted 
to research'in controlled nuclear fusion. For an 
experiment to heat a fusion plasma by means of 
microwave power we are looking for an 

ELECTRICAL ENGINEER 
(Technical University or 

Polytechnical Institution) 

specialised in Ultra High Frequency Technology. 
He should work in a team which operates a 
pulsed high power transmitter (2.4 MW, 1.5 sec) 
at a frequency of 1.3 GHz. Knowledge of micro
wave measuring techniques is required. Opportu
nity for training in microwave high power 
technology will be given. 

The position is limited in duration for three years. 

Payment is according to the regulations for the 
German Public Service (Bundesangestelltentarif) 
which include a number of social benefits. 

Written applications together with a curricu
lum vitae, copies of diplomas and certificates, 
and a recent photo should be sent to our 
Department of Personal. 

STANFORD UNIVERSITY 

E L E M E N T A R Y 
PARTICLE T H E O R I S T 

Tenure track junior faculty position is 
open, starting autumn quarter 1985, to 
highly qualified physicist who has exper
ience in high energy theory. Applicants 
must have some teaching experience 
and have demonstrated excellence in 
teaching. The Department of Physics 
welcomes women and minority appli
cants for the position. 

Send resume and at least three letters or 
recommendation to 

Professor S. D IMOPOULOS 
Department of Physics 

STANFORD UNIVERSITY 
STANFORD / CA 94 305 

Stanford University is an affirmative 
action/equal opportunity employer. 

RESEARCH POSITION 
HIGH ENERGY PHYSICS 

AND ACCELERATOR 
National Laboratory 

for High Energy Physics (KEK) 
Tsukuba, Ibaraki, Japan 

National Laboratory for High Energy Physics (KEK) has 
several research positions in the rank of Assistant (i.e. 
Research Associate) available starting in or after April 1985. 
An appointment is for two to five years depending upon the 
case. 
KEK is currently building an e+e~ collider (TRISTAN) in the 
total energy range of ~ 6 0 GeV with a target date of 
completion in the fall of 1986. Candidates in the accelerator 
field will have an opportunity to participate in the works for 
the collider and those in the physics field can participate in 
the research program at the collider by joining the existing 
groups, i.e. TOPAZ, VENUS and AMY collaborations. 
The salary of regular staff members of KEK is determined 
according to the rank and the number of years of practical 
experiences after undergraduate study. The laboratory will 
respond to an individual inquiry on the salary scale. 
Application which includes personal and employment history 
and past and present research interest, and two letters of 
recommendation should be sent to 

Dr. T. Nishikawa, Director-General, 
National Laboratory 
for High Energy Physics (KEK), 
Oho machi, Tsukuba-gun, 
Ibaraki-ken, 305, 
Japan. 



ASSOCIATE LABORATORY DIRECTOR 
AND DIVISION HEAD 

OF ACCELERATOR AND FUSION 
RESEARCH DIVISION 

LAWRENCE BERKELEY LABORATORY 

The Accelerator and Fusion Research Division Head directs a varied 
program of research in accelerator physics and related technologies 
( including beam cool ing, heavy ion fusion research, magnet ic fusion 
energy, x-ray opt ics, synchrot ron radiation beam lines and sources, and 
free electron lasers) under the general direct ion of the Deputy Director 
for General Sciences and the Laboratory Director. In addi t ion, the 
Division Head has overall responsibi l i ty for the operat ion and improve
ment of major national user facil i t ies including the SuperHILAC and 
Bevalac heavy ion accelerators. As an Associate Director of the 
Laboratory, the incumbent wi l l also part icipate in formulat ing the 
research policy and long term direct ion of the Laboratory as a whole. 
The appointment wou ld be for an init ial te rm of 3 to 5 years, subject to 
renewal for further terms by mutual agreement. 
This posi t ion requires a Ph.D. in the physical sciences or engineering 
combined w i t h a dist inguished record of technical management of 
major accelerator, detector, or fusion energy programs. The successful 
candidate wou ld be a scienti f ic leader w i t h a s t rong management 
background, including excellent scienti f ic judgment , s t rong administ ra
t ive skil ls, creativity in decision making, problem-solv ing, and the 
management of human resources. 
This posi t ion is subject to the f inancial disclosure requirements of the 
California Political Reform Ac t of 1974 . 
Please submit t w o copies of resume, including salary history and the 
names and addresses of three references t o : 

Dr. Edward Lofgren, Chairman, 
A F R D Search Commit tee , 
in c/o Employment Office 9 0 - 1 0 4 2 , 
Lawrence Berkeley Laboratory, 
One Cyclotron Road, 
Berkeley, CA 9 4 7 2 0 . 
Refer to Job No A / 3 2 6 6 . 

An Equal Opportunity Employer M / F / H . 

Deadline for application: February 1 5, 1 985. 

Accelerator 
Physicists 
Brookhaven National Laboratory 
Staff positions for accelerator physicists of all experi
ence levels are open within High Energy Facilities. 
Successful applicants will be expected to concentrate 
their investigations along the general objectives of the 
accelerator physics program at Brookhaven National 
Laboratory. 
The high energy physics facilities at Brookhaven are 
the 200 MeV proton linac, and the 30 GeV Alternating 
Gradient Synchrotron (AGS). New initiatives are under
way in the acceleration of polarized protons and of 
heavy ions in the AGS; a proposal to build a relativistic 
heavy ion collider (RHIC); a proposal to build a booster 
synchrotron for protons and heavy ions; a study of a 
high intensity upgrade of the AGS, with a stretcher ring; 
and an extensive research and development effort 
directed towards a national facility, the Super Super
conducting Collider (SSC). 
Applicants should send a resume that includes the 
names of three references to: Derek I. Lowenstein, 
C h a i r m a n , AGS D e p a r t m e n t , B ldg . 911B, 
Brookhaven National Laboratory, Associated 
Universities, Inc., Upton, L.I., New York 11973 An 
equal opportunity employer m/f. 

Brookhaven 
National Laboratory 

(I LI I Associate<^Universities'lnc' 
hnl 

Assistant Professor 
Theoretical 

Physics 
STANFORD UNIVERSITY 

The Physics Department of Stanford University has an 
opening for an assistant professor in theoretical 
physics. A search commit tee has been established to 
locate outstanding candidates working at the inter
face of nuclear and particle theory. Possible areas of 
interest would include the confinement problem in 
QCD, transit ion to the quark /g luon plasma (including 
properties, format ion, and detection), manifestation of 
the quark /g luon degrees of freedom in nuclear 
physics, electroweak interactions w i th nuclei, and the 
relativistic nuclear many-body problem. This is a 
regular faculty position and involves both teaching and 
research. Interested persons should send resume and 
have at least three letters of recommendation sent to 

Prof. J.D. WALECKA, Chairman, 
Search Committee 
Department of Physics 
STANFORD UNIVERSITY 
STANFORD / California 94 305 / USA 

by February 20 . 

Stanford University is an equal opportunities employer 
and encourages nominations of women and minority 
group members and applications from them. 

RUTHERFORD APPLETON LABORATORY 

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacancies for Research Associates to 
work with experimental groups in high energy phy
sics. Groups from the Rutherford Appleton Labora
tory are working on experiments at CERN, DESY, 
SLACand FERMILAB. 

Candidates should normally be less than 28 years 
old. Appointments are made for 3 years, with pos
sible extensions of up to 2 years. RAs are based 
either at the accelerator laboratory where their ex
periment is conducted, or at RAL depending on the 
requirements of the experiment. We have in addi
tion home-based programmes on development of 
detectors, microprocessor systems, etc. Most ex
periments include UK university personnel with 
whom particularly close collaborations are main
tained. 

Please write for an application form quoting VN 303 
to 
Recruitment Office, R20, 
Rutherford Appleton Laboratory, 
Chilton, Didcot, Oxfordshire OX11 OQX, 
ENGLAND. 



universlte paris.sm 

institut de physique nucleaire - orsay 

laboratore associe a I'l P3 

S T A F F P O S I T I O N 
I N A C C E L E R A T O R 
T H E O R Y G R O U P 

The Nuclear Physics Inst i tute at ORSAY has opening 

for high level Accelerator Physics Engineer as a mem

ber of the permanent staff of the Insti tute. 

The appointment wi l l be w i th the National Institute 
for Nuclear and Particle Physics (IN2P3 - France) 
which support a large experimental and theoretical re
search program on nuclear structure intermediate energy, 
heavy-ion and particle physics. 

* Candidates should have a Ph.D or equivalent 

in Accelerator Physics or Engineering and at 

least f ive years of experience in the field of 

circular accelerators theory design and cons

t ruct ion. 

The Laboratory might be engaged in the construction 

of a superconducting cyc lot ron for light and heavy ions. 

• Please send C.V. including a list of publica
tions and the name of 2 references by the 
2 0 t h of February to, 

A. L A I S N E - I . P . N . O R S A Y ^ B . P . n ° 1, 91406 Orsay Cedex, France 

The University of South Carolina 
invites applications for 

Tenure Track Faculty Position, 
Experimental Particle Physics 

The Department of Physics at the University of South Carolina 
anticipates filling a faculty position to start in August 1985. 
The successful candidate will become a member of a research 
group presently involved in collaborative research with the 
detector A R G U S at the Electron Positron Storage Ring DORIS 
at D E S Y in Hamburg, West Germany. The candidate should 
have a minimum of two years postdoctoral experience in high 
energy experimental physics. This will be a regular faculty 
position with teaching duties at both the undergraduate and 
graduate levels in addition to research. 

Research Associate, 
Experimental Particle Physics 
Beginning in the summer of 1985, the University of South 
Carol ina wil l have an opening for a postdoctoral research 
associate. This person will live in Hamburg, West Germany 
and will work with the A R G U S collaboration at the storage 
ring D O R I S at D E S Y . Send a summary of exper ience and 
interests in particle physics and copies of publications as well 
as the names of three references and desired starting date. 
Receipt of these materials will be acknowledged with a more 
detailed description of the project. 

Contact 
Dr. Frank T. Avignone, III, Chairman 
Department of Physics and Astronomy 
The University of South Carolina 
Columbia, South Carolina 29208 
(803) 7 7 7 - 8 1 0 4 

The Un ive rs i t y of South Caro l ina is an equal oppor tun i t y , a f f i rma t i ve 
act ion employer. 

osimeter 
DOSIMETER CORPORATION 

11286 GROOMS ROAD/P.O. BOX 42377/Cincinnati, Ohio 45242 
(513) 489-8100/Telex 214-648 

It's one of the 
long-time 
specialities of 
Dosimeter 
Corporation . . . 
recommending 
and providing the 
"missing" piece of 
the tough 
radiation hazard 
detection puzzle. 

Let DCA put one 
of its existing 
ionizing radiation 
contamination or 
nonionizing radiation 
and personnel 
protection products 
to work for you. 



Kf K is looking for them 
with the XP3462 

The KfK* experiment, in a 6000 ton neutrino 
blockhouse at the Spallation Neutron Source 
at RAL, calls for 2240 photomultipliers 
combining first-rate time response with good 
energy resolution. To their specification we 
developed the 3 inch, 8 stage XP3462. 

*KfK: Kernforschungszentrum Karlsruhe 

We've set the standard for over 20 years 
Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands. Telex 35000 phtcnl 

XP3462 
t r = 3 ns, anode pulse rise time for delta-function light pulse 
r e = 10%, for 57Co and a 3" x 3" Nal(TI) scintillator 
S k = 85mA/W(11,5 /WlmF) 
G = 1 0 6 at 1500 V 
Pulse linearity within 2% up to 100 mA 

PHILIPS Electronic PH I LI PS components 
and materials 



We link the Buses 

LLUUJJ 
DR. B. STRUCK 
2000 TANGSTEDT/ HAMBURG GERMANY 
HAUPTSTR. 95 • TELEFON 04109 /99 6 6 / 6 7 
POSTFACH 1147 • TELEX 2180 715 TEGS 



SOn X-RAY STREAK CAMERA 
IOeV TO 10KEV 

SPATIA1 DYNAMIC RESILUTHIN 
20 LINE PAIR/MM 

^Demonstrated in tests 
at Los Alamos National 
Laboratories 

DEMOUNTABLE 
PHOTOCATHODE 
Photocathode can be 
replaced in minutes while 
camera remains mounted 
on vacuum chamber. 

The photocathode 
manipulator illustrated 
above is based on a 
design by Livermore 
National Laboratories. 

IMMEDIATE 
DEMONSTRATION 
AND DELIVERY 

CALL OR WRITE FOR INFORMATION 

H A M A M A T S U 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: (201)469-6640 

International Offices in Major Countries of Europe and Asia 

Hamamatsu Photonics K.K., 1126 Ichinc-cho, Hamamatsu, Japan, 0534/34-3311 • Hamamatsu Photonics Europa GmbH, Postfach 1163,Muhlbachstr. 20, D-8031 Seefeld/Obb., W. Germany, 08152/7705 



LINEAR, ROTARY AND 
ELEVATING STAGES 

Whether it is a simple linear slide, a rotary table or a purpose built micro-processor controlled 
X Y Z and rotary scanning stage, you will have the full support of our resources at Basingstoke, 
where all our unislides are manufactured. New products introduced include three Rotary Tables 
with central apertures of up to 110mm and a Gimble Stage, also a low profile X Y Z combination 
stage with 100kg load capacity. 

A4901TSP 
ROTARY STAGE 
500KGS CAP DESIGN 

WITH 
UNISLIDE 

MULTI AXIS STAGE FOR 
MANIPULATING PROBES & 
SENSORS IN WIND TUNNELS 
& WATER TANKS 

TP4212EL 
ELEVATING STAGE 
TRAVEL 40mm 
0-001mm RESOLUTION 

t i m e a n d 
p r e c i s i o n 
* (sales) ltd  

Whitney Road, Daneshill East, Basingstoke, 
Hampshire RG24 ONS ENGLAND 
Telephone: 0256 28428 Telex: 858575 

PACKAGED 
COMPUTER 
PRODUCTS 

Alimentations a Decoupage Open-Frame-
Produits standards 
Les alimentations correspondent aux normes VDE, UL et CSA 

2 ans 
de garantie 

Mode l Power Ou tpu t 1 O u t p u t 2 Ou tpu t 3 O u t p u t 4 O u t p u t 5 

8 0 0 1 3 - 0 1 4 0 W + 5 V / 3 , 5 A + 1 2 V / 2 A - 1 2 V / 1 A 
8 0 0 1 3 - 0 2 4 0 W + 5 V / 3 , 5 A + 1 2 V / 2 A - 5 V / 2 5 0 m A 

8 0 0 0 3 - 0 1 5 0 W + 5 V / 6 A + 1 2 V / 1 A - 1 2 V / 1 A 
8 0 0 0 3 - 0 2 5 0 W + 5V / 6 A + 1 2 V / 1 A - 5 V / 0 , 5 A 

8 0 0 0 4 - 0 1 6 5 W + 5 V / 5 A + 1 2 V / 2 A - 1 2 V / 1 A - 5 V / 0 , 5 A 
8 0 0 0 4 - 0 2 6 5 W + 5 V / 5 A + 1 2 V / 2 A - 1 5 V / 1 A - 5 V / 0 , 5 A 

8 0 0 0 5 - 0 1 9 0 W + 5 V / 6 A + 1 2 V / 1 A + 1 2 V / 2 , 5 A - 1 2 V / 1 A 
8 0 0 0 5 - 0 2 9 0 W + 5V / 6 A + 1 2 V / 1 A + 2 4 V / 1 , 2 5 A - 1 2 V / 1 A 
8 0 0 0 5 - 0 3 9 0 W + 5 V / 6 A + 1 2 V / 1 A + 1 2 V / 2 , 5 A - 5 V / 0 , 5 A 
8 0 0 0 5 - 0 4 9 0 W + 5V / 6 A + 1 2 V / 1 A + 2 4 V / 1 , 2 5 A - 5 V / 0 , 5 A 

8 0 0 0 1 - 0 1 9 0 W + 5 V / 7 A + 1 2 V / 2 , 5 A + 1 2 V / 1 A - 1 2 V / 1 A 
8 0 0 0 1 - 0 2 9 0 W + 5 V / 7 A + 2 4 V / 1 . 2 5 A + 1 2 V / 1 A - 1 2 V / 1 A 

8 0 0 0 8 - 0 1 1 5 0 W + 5 V / 1 5 A + 1 2 V / 3 A + 1 2 V / 2 A - 1 2 V / 1 A - 5 V / 1 5 0 m A 
8 0 0 0 8 - 0 3 1 5 0 W + 5 V / 1 5 A + 2 4 V / 3 A + 1 2 V / 2 A - 1 2 V / 1 A - 5 V / 1 5 0 m A 
8 0 0 0 8 - 0 5 1 5 0 W + 5 V / 1 5 A + 1 2 V / 3 A + 2 4 V / 2 A - 1 2 V / 1 A - 5 V / 1 5 0 m A 
8 0 0 0 8 - 0 6 1 5 0 W + 5 V / 1 5 A + 1 2 V / 3 A + 2 4 V / 2 A - 1 2 V / 1 A - 5 V / 1 5 0 m A 

Modifications: des 500 pees / Custom Design: des 1000 pees 

Demandez une documentat ion detail lee! 

ADVANCED 1 F i 1 # ^ ^ \ M T P ^ \ 1 U I Kontron Electronic AG Kontron Electronic SA 
r i r p T D A M i r Mml_M IV%#P i I K % # P I Bernerstrasse Slid 169 1066 Epalinges 
L L L U I K U N I U § l \ ^ r - . r ^ T n n K | , r 8048Zurich 10, ch.des Croi 

INSTRUMENTATION H * 1 h L h O I KUNIO Telefon 01-435 4111 Telephone 021-331535 
8048 Zurich 10, ch.des Croisettes 



SPECTRUM 88 > 

Why Is This Multichannel Analyzer 
Creating So Much Attention? 

it's these 
standard 
features 
• 8K, 100MHz ADC; 
• 4K foreground & 
separate 4K 
background memory 
fields; • Multi-task 
operation; 
• Conversion gain & 
offset control; • SCA; 
• Preset live time or 
clock time; • Preset 
count integral or 
marker channel; • 9" 
high resolution video 

display with dead time 
meter; • Gross & net 
integrals; • Multiple 
ROI's; • Memory group 
selection with overlay, 
offset & transfer; 
• Calendar clock; 
• I.D. codes; • RS-
232C I/O with 
programmable baud 
rate & external control; 
• 5-point energy 
calibration; • 5-point 
activity calibration; 
• Learn mode for auto 
sequencing; • Battery 
backup of parameter & 
data memory 

and the 
price tag of 
$4950 (US Domestic) 

and these 
options 
• Spectroscopy 
amplifier with baseline 
restorer and time 
constant selection; 
• 0-5000 V high 
voltage supply with 
polarity selection & 
remote shutdown; 
• 50MHz MCS with 

Mossbauer interface; 
• Built-in floppy disk 
for data storage; 
• Universal interface 
with IEEE-488, RS-
232C, TTY & parallel 
outputs; • X-Y 
recorder output; 
• Extended software 
including smooth, strip, 
centroid, automatic 
peak search & peak 
information reporting 

For more information on 
the Spectrum 88 or to 
arrange for a 
demonstration write or 
call THE NUCLEUS. 

761 EMORY VALLEY ROAD 
OAK RIDGE, TN 37830-2561 

TELEPHONE 615-482-4041 
TLX 557-482 



RESOLVEZ VPS PROBLEMES DE NEUTRONS 
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH c 

R 
A 

counter He 
compteur a 3 He 

reliable 
robuste 

autonomy : 25 hours wi th 1 2 V Ni-Cd accumulator 
autonomie : 25 heures sur accumulateur Cd-Ni 1 2 V 

A 
L 

microprocessor 
microprocesseur 

automatic reading 
automatique 

^ j ( 6 , 5 kg) 

S y s t d m e C E A Debit d'equivalent de dose , ^ - 1 , i n 4 m r n m / , 
C E A System Equivalent dose rate 1 0 8 1 0 m " r e m / h 

legen 

P 1 9 P p | q | I V T Agence Commerciaie : Z.A. de Courtabcauf - Av. d'lslande EVOLIC 4 - 91940 LES ULIS 
I I D I U B L 1 A Commercial Branch : Tel. (6) 928.59.46-Telex : 691 259 F 

Electrical Products 
and Services for CERN 

• High voltage and low voltage 
electrical installations. 

• Electric and electronic assemblies. 
• Engineering and construction. 
• Indoor and outdoor switchgear for 

all voltages. 
• Control and monitoring systems. 

• Instrumentation and process control. 

A 
NATIONAL ELEKTRO (Suisse) S A 
Suisse subsidiary of National Elektro A/S, Norway. 

8, Chemin Rieu 
CH-1208 Geneva 

Tel.: (022) 82 45 21 
Int. CERN: 2387 

NUCLEAR 
ENGINEERING 

For over twenty years CERN has been placing its trust 
in our members, who are specialists in such fields as: 

• precision machining 
• miniature components 
• electronics (hard and soft) 
• sheet-metalwork 
• welding for high-vacuum 
• precision industrial optics. 

In addition to technical expertise, our firms guarantee: 

• reliable delivery dates 
• Swiss precision 
• excellent value for money 
• a good after-sales service. 

It is not mere chance that Geneva, the birthplace of 
major inventions, is still in the forefront of industrial 
progress. 

Consult our specialists. They are there to find you 
the best sub-contractor. 

Come to visit our permanent exhibition open from 
Monday to Friday 8 a.m. to 6 p.m. 

opi OFFICE POUR LA P R O M O T I O N 
DE [.'INDUSTRIE GENEVOISE 

9, rue Boissonnas, CH-1227 Geneva 
Telephone: 022 / 424244; telex: CH 429080 opi 



G r e a t i v e E l e c t r o n i c S y s t e m s S A C E I S 

Let us introduce the most compact PDP 11/70 : 

This CAHAC (IEEE 583) packaged workstation offers the following specifications; 

single hoard computer ACC 2186: 
- DEC J- I i one chip processor with PDP 11/70 performance 
- console interface at up to 38.4 KBauds 
~ fast 128 Kbytes dual-port memory 
- true sultiprocessor structure, 

mini-backplane BP 2134: 
- 4 dual slot 022 bus format 
- optional ETHERNET interface (DEONA) 
- optional 8PIB (IEE-4BB) interface 
- optional memory extensions and peripheral interfaces, 

disk subsystem DSK 2135: 
- 16 Hbytes high speed Winchester disk 
- optional floppy disc or streamer for back-ups. 

Typical applications include: 

- on-line data reduction systems 
- second level trigger processors 
- pulse height analysis systems 
- monitoring systems in d i f f icu l t environment 
- portable high speed data loggers 
- laboratory automation systems 

* PDP,J115RSX are registered trademarks of DEC 

This system outperforms top of range micros and runs standard DEC software.The normal configuration runs 
RSX-iifl with BASIC,CATV,FORTRAN and PASCAL, iloreover the software can be developped at the VAX host computer 
level and down-line loaded for execution in the local workstation. 

X 

At CES, tomorrow's systems are available NOW 

For more information contact us, or your local CES representative: 

70?route du Pont-Butio 
Tel:(022) 92 57 45 

Case ! 
Telex: 

ostale 122 
421320 CES-CH 

1213 Petit-Lancy 1 Switzerland 

CRMT1VE ELIETRBNIG SYSTEMS 
Belgium: 
North America: 
France: 
South Sersany: 
Italy: 

Canberra Positronika 
Bytech Eng. Vancouver 
AB+B 
Silena 
Silena 

Tel:(54)321611 
Tel:(604)9804131 
Tel:(76)905540 
Tel:(060)554021 
Tel:(02)7490565 

Netherlands: 
Japan: 
North Germany: 
England: 

Canberra Positronika 
Toyo Corp. 
PCP 
Nuclear Enterprises 

Tel:(040)416355 
Tel:(03)2790771 
Tel:(040)802046 
Tel:(073)5212121 



A step towards the future: 
The new 
Turbo 1500 
A total ly new turbo pump has been 
developed for universal use in high 
and ultra high vacuum. 

Accelerators, fusion experiments, se
miconductor product ion, and metal
lurgy are examples of the uses these 
vacuum pumps can be put to. In one 
case, efficiency is the decisive factor, 
and in other cases the technical de
pendabil i ty and ease of handl ing. 

The Turbo 1500 is an ideal combina
t ion of all these factors. 

The most economical turbo pump 
wi th high volume f low rate 

The volume f low rate of th is pump is 
1300 to 1500 l/sec for N 2 , He and H 2 , 
w i th a H 2 pressure ratio of 2 5 0 0 . 
DN 2 0 0 and DN 2 5 0 flanges to ISO-K 
or CF are used. The installation angle 
can be selected f rom horizontal to 
vertical. 

The maintenance intervals of these 
pumps are approx. 10 0 0 0 hours; 
changing the oil is very easy. The sta-
tor sett ing and balance are not affect
ed by a bearing replacement, which 
can also be carried out by the cus
tomer. 

A cost/benefi t ratio was able to be 
achieved for the Turbo 1500 which 
makes th is pump truly competit ive. 

The '84 Turbo pump range 

Balzers offer a range of seven pump 
sizes. The proven dual f low pumps 
wi th their unsurpassed smooth run
ning, and the high-eff iciency single 
f low pumps satisfy all user require
ments. Several types of f langes and 
selection of the cool ing medium al
low the seven basic pumps to be ex
panded to ten pumping speeds be
tween 27 l/s and 6 5 0 0 l/s. 

PM 8 0 0 0 5 6 PE 

Balzers Akt iengesel lschaf t 
FL-9496 Balzers 
Fi i rstentum Liechtenstein 
Tel (075) 44111 
Telex 77 841 bag f l 

Ar thur Pfeiffer Balzers 
Vakuumtechn ik Wetz lar GmbH 8 Sagamore Park Road 
Postfach 1280 Hudson, NH 03051 
D - 6 3 3 4 Asslar Tel (603) 8 8 9 - 6 8 8 8 
Tel (06441) 8021 T W X 7 1 0 2 2 8 7 4 3 1 

B A L Z E R S 



Meeting AH Your CAM AC Needs 
For Laboratory Automation 

When your research projects call for 
the real-time computing power of 
CAMAC (IEEE-583), call on KSC to 
fill your needs. Scientists like yourself 
have been depending on our CAMAC 
systems for more than a decade, 
automating everything from plasma 
fusion reactors and proton synchro
trons to X'-ray fluorescence spec
trometers and radiation monitors. 
Hundreds of our CAMAC instal
lations operate continuously year 
after year on a 24-hour-a-day basis. 
You'll find our CAMAC systems 
located around the world in such 

major laboratories and universities 
as: Argonne - Fermilab - CERN -
LLNL - Bell Labs - Swiss Nuclear 
Institute - Princeton - Naval Research 

Laboratory - LANL - I IT - Sancfia 
Labs - KFA ~ MIT - Oak Ridge -
Hahn-Meitner Institute. 
KSC's line of serial highway products, 
including fiber-optic highway adapt
ers, drivers, and crate controllers, is 
unsurpassed by any other manufac
turer. Interface to virtually any major 
computer - DIGITAL, MODCOMP, 
SYSTEMS, Hewlett-Packard, even 
the IBM PC. Our DIG ITA Incompat
ible line alone includes LSI-11, 
PDP-11, and VAX-11 interfaces, all 
available both with â nd without DMA. 
Choose from hundreds of versatile 
process interface modules: 
• A/D converters 
• D/A converters 

• Signal multiplexers 
• Stepping motor controllers 
• Timing pulse generators 
• Input gates 
• Output registers 
• Event counters 
• Loop adapters 
• Preset scalers 
• Interrupt registers 
• Display generators 

Whether you want a complete data 
acquisition and control system with 
application software or just CAMAC 
modules and crates, see how fully 
KSC serves your needs. 

Contact Us For More Information 

K i n e t i c S y s t e m s C o r p o r a t i o n 
Standardized Data Acquisition and Control Systems 

U.S.A. 
11 Mary knoll Drive 
Lockport, Illinois 60441 
Phone: (815) 838 0005 
TWX: 910 638 2831 

West Coast Office 
39175 Liberty Street, Suite 245 
Fremont, California 94538 
Phone: (415)797 2351 
TWX: 910 997 0544 

Europe (Service) 
3 C hem in de Tavernay 
1218 Geneva, Switzerland 
Phone: {022} 98 44 45 
Telex: 28 96 22 

Europe (Marketing) 
Gewerbestrasse 13 
CH-4528 Zuchwtf, Switzerland 
Phone: (065) 25 29 25 
Telex: 845/934648 



•besaES Rubans adhesifs speciaux pour I'industrie electrique 
1Construction des 
transformateurs 

» Fabrication de relais et de 
bobines protectrices 

1 Construction de moteurs 
electriques 

1 Fabrication d elements de 
construction 

1 Fabrication de plaquettes a 
circuits imprimes 

1 Installations electriques 

Demandez la documentation 
detaillee. 

Industriestr. 19, 8962 Bergdietikon, Tel. 01 74111 22, Tx 56 285 

tsesa^gj Coupon 
CERN 

• Veuillez m'envoyer de plus amples renseignements avec 
des echantil lons 

• Nous desirons de conseils professionnels. Veuillez nous 
telephoner 

Entreprise:  
Adresse:  

Tel.: 

Ealing 84/85 Optics Catalogue 

Notre gamme Optics Ealing peut vous rendre 
de precieux services pour I'experimentation et 
la resolution de prober dans le domaine 
optique. 
Demandez notre nouveau catalogue 1984/85. 

G P Electronic AG 
Gesellschaft fur Prozess-Automation 
Bandlistrasse 29, CH-8064 Zurich 
Telefon (01) 64 45 55 /56 Telex 822 382 gpel 

POWER ELECTRONIC 
POWER SUPPLIES: 

FIBER OPTIC LINKS: 

current up to 10.000 A. 

voltage up to 150 KV. 

precision up to 10 p.p. 

analogue signals 

digital signals 

O.C.E.M. S.P.A. 

Via II Agosto 1980, 11 - 40016 S. Giorgio di Piano (BO) - ITALIA 
Tel . (051) 8 9 7 1 7 2 / 8 9 2 0 2 2 r.a. - Telex 510893 I. 



12.002 E 

Sandwich-type semi-chamber 
for 

We provide easily built-in 
safety in Know-how. 

C E R N e x p e r i m e n t U A . 1 

composite 
construction type manufacture. 

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

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

S t e s a l i t A G 

K u n s t s t o f f w e r k 

CH-4249 Zullwil/SO 
Telefon 061/800601, Telex 63182 

CL 
o3 

h ) H i r S l h m a n n • S t e c k v e r b i n d e r 
^ • L a b o r m a t e r i a l 

• B u c h s e n 
• K l e m m e n 

Rufen Sie uns an. Wir beraten Sie gerne. 

a u t r o n i c 
pSfzn autronic ag 
'a Schorli-Hus 

cry CH-8600 Diibendorf 
Telefon 01 821 20 22 
Telex 57 970 s-hus ch 

n 

P E A R S O N 

Wide Band, Precision 

C u r r e n t M o n i t o r 
With a Pearson current monitor and an oscilloscope you can 
make precise amplitude and waveshape measurement of ac 
and pulse currents from milliamperes to kiloamperes. 
Currents can be measured in any conductor or beam of 
charged particles, including those at very high voltage levels. 
A typical model gives an amplitude accuracy of +1 %, - 0%, 
20 nanosecond rise time, droop of 0.5% per millisecond, and 
a 3 db bandwidth of 1 Hz to 35 MHz. Other models feature 2 
nanosecond rise time, or a droop as low as 1 % per second. 
Contact us and we will send you engineering data. 

P E A R S O N E L E C T R O N I C S , I N C . 
1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 Telex 171-412 

37 



ELECTRIC 
SURFACE HEATING 

Custom built Heating Jackets and 
Cut to Length Heating Tapes 

I s o p a d L t d , Stirling Way, Borehamwood, Hertfordshire WD6 2AF, England.Tel.01-953 6242.Tele* 261761 

SCINTILLATORS 
FOR LARGE AREA 
APPLICATIONS 

Polycast Technology Corporation specializes in 
producing high-quality, cast acrylic scintillators in 
thicknesses up to 102 mm and sheet sizes up to 
185 cm x 254 cm. Our unique capabilities enable 
us to produce, economically large quantities of 
material that is extremely consistent in quality 
This results in the lowest cost per light output of 
any scintillator system available. 

C o n t a c t a n y o f t h e f o l l o w i n g : 
Polycast Technology Corporation 
PO Box 141, Stamford, CT 06904, USA 
In USA Toll Free 800-243-9002 
In Connecticut (203) 327-6010 
TWX 710-474-3894 

Nuclear Enterprise Ltd. 
Sighthill, 
Edinburgh EH11 4BY 
Scotland 
31-443-4060 Telex 72333 

EMI Technology S.A. 
25 Cheinin Francois-Lehman 
1218 Grand-Saconney 
Geneva, Switzerland 
(022) 98 16 61 Telex 289 066 

Thorn EMI Technology GMBH 
Nuclear Enterprise Division 
Bodensee Str. 113 
8000 Muenchen 60, W. Germany 
089-839450 Telex 529615 

COIMTROLEUR DE PROCESSUS PCA 5 

Calculatrice a 16 Bit plus rapide et 
plus performante pour la commande 
de systeme de mesure et de test 

Systeme d'operation MS-DOS 2.11 

BASIC etendu, graphique 

256 kBytes de RAM, 720 kBytes 
sur Floppy Disk 

Option: Winchester de 11.1 MBytes 

Bus IEC a 350 kBytes/s 

ROHDE&SCHWARZ 

Representation generate 
et service 
pour la Suisse 

3000 Berne 31 
ROSCHI Case postale 63 

. Telex 32 137 
I e i e c o m m u n i c a t i o n o A Telephone 031 4 4 2 7 1 1 



L R B E H 
for 

high energy physics 
electronics 

LABEN, which means for LABoratori Elettronici e Nucleari, is 
producing a considerable effort in the development of new 
equipment to help the scientific community in the High Energy 
Physics research. Therefore you can ask LABEN for standard or 
custom-taylored solutions for your electronics. 

# 

Division of m m SI. EL sPa 

20133 MILAN - Via Bassini, 15 - Tel. (02) 2365551 - Tlx 312451 



Ready at hand: 
Measuring equipment for your 

data communication links 
actually carrying traffic 

Our Data Measuring Case 
DMS-1 offers you a tailor-made 
solution to your measuring prob
lems. The case can accommo
date up to 5 measuring instru
ments, ready at hand and 
packed ready for use. For ana
log and digital parameters, for 
troubleshooting and mainte
nance work on modems and 
data circuits. The instruments 
are equipped with accumula
tors and can be recharged or 
operated while in the case. 
Handy, compact, sturdy and not 
dependent upon a mains power 
supply. This means that each 
individual measuring instru
ment can also be used outside 
the case. A total of 15 instru
ments are available, e.g.: 
* Level generator, 20 Hz -
20 kHz. 
* Level meter, 15 Hz - 20 kHz. 
* Data line measuring set: 
Impulsive noise in accordance 
with CCITT 0.71 and inter
ruptions in accordance with 
CCITT 0.62. 

* Modem tester: Bit and block 
error rate, bias and individual 
distortion, time measurements. 
* Interface tester for check
ing, jumpering and simulation; 
for V.24/V.28, X.20/X.21, 
X.26/X.27. 
* Speech attachment for dial-
up and speaking on the test 
channel. Ask for information. 

| X 
Information Coupon 
Please send me 
• Information on the DMS-1 
• Your product catalog "Data 

Measuring Technology" 

Name 

Company . 

Street 

Town/City 8 
CM 
CO 

Telephone w 

Wandel & Goltermann 
(Schweiz) AG 
Postfach 254 
CH-3000 Bern 25 
Tel. (031)42.66.44 
Telex 32112wago ch 

Partout ou I'oeil 
ne peut acceder.. 

Endoscopes 
flexibles 
a fibres de verre 
pour I'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm, 
longueurs utiles 0,5-12 m. Eclairage 
de I'objet par lumiere halogene integree. 
Alimentation par pile et secteur. 

For optical 
interior inspections. 

horoscopes, 
fiberscopes. 

Ask for details. 

I^p TECHNOKONTROLLAG 
I k̂ " 8049 Zurich, lmbisbiihlstr.144 Telefon 01 56 56 33 

CADMIUM TELLURIDE DETECTORS (CdTe) 
- HIGH Z SEMICONDUCTOR, HIGH DENSITY 
- LOW BIAS VOLTAGE 
- ROOM TEMPERATURE OPERATION 
- RADIORESISTANCE 
-LOW COST 

Area 5 x 5 mm 

57 Co 

APPLICATIONS 

Area 10 x 10 mm 

241 AM Bias 60 V • 
- COUNTING X and GAMMA RAYS, PARTICLES 
• SPECTROSCOPY 
- IMAGING 

EURORAD 

CAPINTECINC 
6 Arrow Road RAMSEY 

New York 07446 
Phone (201) 825.95.00 

SALES AGENTS 
ENERTEC 

Schlumberger 
1, Pare des Tanneries 

F-67380 LINGOLSHEIM 
Phone (88) 78.57.10 

GmbH & Co. KG 

AlexanderstraBe 64 
D-71 HEILBRONN 

Phone (071) 31.73.520 
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Representatives throughout the world. 

FAST LOGIC 
ECLine™ 

MWPC ENCODING 
PCOS III™ 

FAST ADC's 
FERA™ 

First Trigger ^ Report Hits Measure Pulse Heights 

Coordinates ^ J Amplitudes 
Trigger Processor 

preprocess data 
GO 

w - t u \ ty T * n I E n e r 9 y » Momentum, Angles,etc. 
With LeCroy Trigger Processors... 
Energy, mass, transverse momentum, rapidity, 
charge, and other parameters can trigger your 
experiment in a few tens of microseconds. 
Contact your iocai LeCroy representative Triqqer Processor 
to learn how physics can trigger y y 

your experiment. trigger decision 

^̂ |̂̂ Lf Trigger On 
O ^ g ^ E,m,P.,y,Z,e,c. 



ML THE TOOLS 
YOU'LL EVER NEED 
Reliable, useful cryogenic 
equipment from Air 
Products is indispensable 
to the researcher working 
at low temperatures. 

HELI-TRAN® open-cycle 
coolers are a simple-to-use 
source of refrigeration from 
below 2K to 300K. 

DISPLEX® closed-cycle 
refrigerators provide reliable, 
continuous-duty cooling 
from 1 0 K t o 4 5 0 K . 

HELIPLEX® closed-cycle 
refrigerator is a liquid-
cryogen-free source of con
tinuous cooling f rom 3.7K 
to300K. 

DISPLEX® cryopumps and 
LN 2-free cold traps offer 
clean, fast vacuum. 

And...Air Products has the 
most complete line of 
accessories vital to spec
troscopy, ESR, DLTS, NMR, 
matrix isolation, Hall effect, 
and other low-temperature 
research. 

Send for our latest catalog. 

Air Products and Chemi
cals, Inc., Dept. APD-SG, 
1919 Vultee Street, 
Allentown, PA 18103, [215] 
481-3975. Telex: 84-7416. 

AIR J-
PRODUCTS JLZLT 



Fast Data Transfer 
vn ia ECLbus 

High speed data transfer is simple with the ECLbus. LeCroy offers a 
diverse family of FASTBUS and CAMAC modules employing the 
ECLbus to interconnect them. Here are a few examples of what they 
can do for you: 

• Fast Data Acquisition 
Our line includes an ultrafast FASTBUS Master with an 
ECLport and an extensive line of FASTBUS ADC's and 
TDC's. Our ECLport-based CAMAC fast conversion 
ADC's and Latch systems round out the line. 

• Trigger Processing 
Our data handler modules or our programmable 
processor allow your trigger to perform calculations, 
comparisons, even iterative calculations in a -
few tens of j^sec! 

• Event Buffering ( 
Our FASTBUS and CAMAC memories accept 
data and store variable-length records while j»Mjk& 
reading others. We offer single and multiple P f l C T 
event buffers. |/|(| f I 

The ECLbus allows high speed transfer of 
bits, bytes or even 32-bit words, using a 
worldwide standard. Use it to interconnect 
LeCroy modules for an integrated data 
acquisition system-data scanner-trigger 
processor which meets your needs. 
Contact your local LeCroy sales 
engineer for details. [: 

TPC'S 

TRIGGER 
PROCESSING, 

. ..,.,.,.̂ 1 

l: 1 I 
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The world's best power tubes 
are used in the world's most 
important scientific programs. 
Since 1971, when Varian El MAC 
introduced the one megawatt X-
2159/8974, we have been the 
world leader in design and man
ufacture of high power tubes for 
scientific and communcation 
applications. 
Among the many users of 
EIMAC tubes in high technology 
fusion research, particle accel
eration and other state-of-the-
art investigations are: 
• European Organizations for 
Nuclear Research (CERN) • 
Fermi National Accelerator Lab
oratory « Stanford Linear Accel
erator Center • Lawrence 
Berkeley Laboratory • Los Ala
mos National Laboratory 
(LAMPF and FMIT programs) • 

Oakridge National Laboratory • 
Princeton Plasma Physics Labo
ratory * TRIUMF Laboratory 
(University of British Columbia) 
• GSI Darmstadt (FRG) • Culham 
Laboratory (England) • CEA 
Fountenay-au-Rose (France) • 
Textor-KFA Julich (FRG) • GA 
Technology (Doublet-3). 
Power tubes developed and 
manufactured by Varian EIMAC 
used in the facilities mentioned 
include the 8973, 8974, X-2062K/ 
9009 and Y676A/9013. These 
tube types will be joined by oth
ers in development to meet new 
program requirements. 
More information is available 
from Varian EIMAC Or the near
est Varian Electron Device 

Group sales office. Call or write 
today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
415 • 592-1221 

VARIAN AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

varian 


