
First beams in LEP 
On 12 July, an 18 GeV beam 
of positrons was injected into 
and successfully steered 
round 2.5 kilometres of the 
first complete octant of 
CERN's new LEP electron-po
sitron collider. The beam 
glided through with the main 
LEP bending and focusing 
magnets at their nominal set
tings, without the help of the 
available orbit correctors. In 
addition, the positrons, sup
plied by the LPI LEP Pre-lnjec-
tor at 500 MeV, were sub
sequently boosted in energy 
by the PS and SPS synchro
trons, interleaved with their 
normal supply of protons, 
with no interruption to SPS 
fixed target running. Mean
while the remainder of the 
26.7 kilometre ring is being 
fitted out and the four big ex
periments installed in line with 
the schedule for first colliding 
beams next summer. 

The extraction line for LEP positrons running 
above the ring of CERN's SPS synchrotron. 

Modern accelerators in ancient Rome 
For the first t ime, the achievements 
and hopes of the broad European 
accelerator community were 
brought together in a European Par
ticle Accelerator Conference, held 
in Rome in June. Ranging f rom the 
vast machines at CERN to the small 
medical accelerators operating in 
thousands of hospitals, the pro
gramme underlined how modern 
civilization has benefited from the 
ability to handle charged particle 
beams. 

Although accelerators used in 
practical applications must outnum
ber those used in particle physics 
by a hundred to one, the particle 
physics machines remain the front 
line. Another striking feature 
emerging from the Conference was 
the impact of recent accelerator 
technologies, developed for high 
energy physics, on machines used 
in other fields. 

It is only a few years since tech
niques such as beam cooling 

The scene in the Aula Magna of the Univer-
sita la Sapienza where the opening and clos
ing sessions of the Rome Accelerator Con
ference were held. 
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Carlo Rubbia (left) and Giorgio Brianti -
pushing for construction of the Large Hadron 
Collider in the LEP tunnel at CERN. Rubbia 
chaired the Committee which recommended 
this project to the CERN Council. Brianti 
leads the technical work on the project at 
CERN and gave the LHC talk at the Rome 
Conference. 

(based on ideas f rom CERN and 
Novosibirsk), radiofrequency qua-
drupoles (a Soviet idea but where 
most of the practical work was 
done at Los Alamos), pulsed super
conducting magnets (Fermilab pion
eering with the Tevatron), and su
perconducting radiofrequency cavi
ties (developed at CERN, DESY 
(Germany), KEK (Japan) and Cor
nell) were regarded as exotica. 
Wi th amazing rapidity, these tech
niques have been absorbed in pro
jects of all sizes as if they were 
standard, well-established tools for 
handling beams. 

Rome underlined the present 
strength of the European accelera
tor community, wi th its reputation 
for thoroughness in the analysis of 
the accelerator physics and in the 
subsequent accelerator engineer
ing. This meticulousness has 
sometimes met criticism as being 
initially costly. However experience 
over the years has shown how this 
careful approach pays off, making 
for easier operation and facilitating 
subsequent upgrades. 

The front line 

Regular readers of the CERN Cou
rier have been able to fo l low the 
detailed progress of the LEP elec
tron-positron collider at CERN and 
the HERA electron-proton collider 
at DESY in Hamburg. At Rome, 
Emilio Picasso (LEP) and Gus Voss 
(HERA) gave status reports. Burt 
Richter described the arduous com
missioning of the SLC Stanford Li
near Collider. 

Developments at Tristan at KEK 
in Japan were covered by Y. Kimu-
ra; the machine is currently operat
ing at 28 GeV per beam and 16 su
perconducting cavities (prototypes 
have given 10 MV/m) are being ad
ded, wi th a further batch of sixteen 

to fol low. K. Myznikov conveyed 
the new impetus at UNK in the So
viet Union; industry is now produc
ing good superconducting cable 
and a hundred superconducting 
magnets should be constructed by 
the end of next year. 

Factories - kaon, hadron and 
beauty 

The proposed 'kaon factories' of 
yesteryear - proton machines of 
over 30 GeV and very high intensi
ty to yield healthy fluxes of sec
ondary particles - are now general
ly called hadron factories to em
phasize their broad physics base 
wi th a range of particle beams. 
There are projects under dis
cussion in North America, Japan, 
the USSR and Europe. Front-runner 
at the moment seems to be the 
TRIUMF Laboratory in Canada (see 
page 1). 

The Paul Scherrer Laboratory 
(SIN) in Switzerland had been in
volved in the hadron factory work 
in Europe but attention has turned 
to an electron-positron collider as a 

prolific source of beauty particles. 
A double ring scheme is envisaged 
(July/August 1987 issue, page 
21), and there are also ideas at 
Cornell (adding a ring to CESR). 
DESY, SLAC and KEK have also 
looked at what they could do wi th 
additions to their existing ma
chines. 

An approach wi th a vision of the 
longer term future has come f rom 
Italy wi th the ARES proposal. Z 
mass energies would be reached 
by electron and positron supercon
ducting recirculating linacs (the CE-
BAF concept but wi th higher ener
gy). In preparing for the project, a 
number of the issues confronting 
an electron-positron collider of en
ergies beyond LEP would be stu
died. Eventually the ARES ma
chines could serve as injectors for 
such a collider. R and D money is 
expected in the next five-year plan 
in Italy. 

Ions and neutrons 

A plethora of ion accelerators of 
low, medium and high energy is in 
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A Italian Minister- for the Coordination of 
Scientific and Technological Research 
Antonio Ruberti - proud of CERN. 

or coming into action. The low en
ergy machines' scale and complexi
ty can be tackled in individual uni
versities; the newcomers are stor
age rings (like ASTRID at Aarhus or 
TSR in Heidelberg, see page 17) 
and all have electron cooling to im
prove beam quality. The smooth 
operation of electron cooling in 
CERN's LEAR Low Energy Antipro-
ton Ring last year was a great sti
mulus to these projects. 

In the medium energy range, we 
reported on the Indiana machine 
(July issue, page 13) and the next 
year should see other machines 
coming on-line in Uppsala and To
kyo. Major upgrades are underway 
or contemplated at GSI Darmstadt 
with the addition of a synchrotron 
and storage ring to the linac, at Sa-
turne where the MIMAS accumula-

Italian Minister for the Coordi
nation of Scientific and Tech
nological Research Antonio 
Ruberti opened the Rome Ac
celerator Conference with 
some stirring words for the 
scientific and political future 
of Europe: 
'We have witnessed an ex
traordinary time of scientific 
unification of Europe. The role 
of CERN in this process, im
portant not only scientifically 
but also politically, has been 
decisive, placing it amongst 
the most significant initiatives 
in European cooperation... 
The record of CERN provides 
an appropriate response to 
those (fortunately not very 
many) who indulge in criti
cism of the Organization. It is 
suprising that they do not 
take account of the very high 
quality of CERN's perfor
mance, the great scientific va-

tor ring is in action, and at Berkeley 
where the replacement of the Be-
vatron as part of the Bevalac pro
ject is proposed. 

At high energy, while awaiting 
the advent of RHIC at Brookhaven, 
CERN has unique ion beam abilities. 
Following the oxygen and sulphur 
runs of the past two years, there is 
a proposal to accelerate lead ions. 
This would be a three year project 
requiring replacement of a linac and 
improvements to the Booster vacu
um. For the long-term future, the 
possibility of ion acceleration in a 
Large Hadron Collider in the LEP 
tunnel is really moving to Big Bang 
energies. 

Accelerators have taken over 
from reactors as the most intense 
sources of neutrons. Argonne did 
much of the pioneering work in this 

lue of its work, and its im
portant political significance 
for Europe... Italy is proud of 
these achievements and of 
Italy's cooperation. 

The spirit of Geneva has 
been an example for the 
whole of Europe. New initia
tives have developed in 
DESY, Grenoble, Rutherford, 
Trieste, and Gran Sasso... In 
the field of physics, coopera
tion between scientists from 
different European nations 
has become the norm and an 
essential condition for suc
cess... Europe's vitality in this 
sector is driving physics to
wards horizons that go 
beyond Europe... The Italian 
government will steer political 
initiatives which favour 
science and the growth of the 
European scientific and social 
community.' 

area, followed particularly by Los 
Alamos, KEK and the Rutherford 
Appleton Laboratory in the UK 
which presently has the ISIS ad
vanced neutron facility. Designed 
to accelerate proton beams to 800 
MeV at 50 Hz with a beam intensi
ty of 2.5 10 1 3 , ISIS already pro
vides 100 times the neutron fluxes 
of reactors at the high energy end 
of the spectrum. Future possible 
developments include an 800 MeV 
linac to push for higher intensities, 
conversion of the synchrotron to a 
storage ring, and the addition of 
another target zone for neutron 
production. 

The electron and positron stor
age rings used as the world's most 
powerful sources of electromagnet
ic radiation were not as heavily re
presented at the Conference as one 
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Wolfgang Schnell speaking about linear col
lider studies in Europe at the closing session 
of the Conference. He has proposed one of 
the most promising schemes for achieving 
electron-positron collisions beyond LEP en
ergies. 

might have anticipated. This may 
be because the community is de
veloping its own independent chan
nels of communication. J.L. La-
clare's review emphasized the Eu
ropean Synchrotron Radiation Facil
ity to come into operation in Gre
noble in 1993. 

The newest machines are built 
around insertion devices (undula-
tors and wigglers) of which there 
are some 35 now working in the 
wor ld and another 11 under con
struction. For example, the ESRF 
will have 32 straight sections, 29 
of them destined for insertion de
vices. 

There is great interest in Europe, 
the US and Japan in commercial 
synchrotrons, or compact synchro
trons (codename COSY) for mass 
production of circuits wi th line di

mensions of less than 0.4 microns 
using X-ray lithography. In ten 
years this market could require 
over 150 such machines each wi th 
an annual revenue of over $ 5 0 0 
million. A COSY is scheduled to be 
in operation in Japan within the 
next six months. 

Industrial and medical applications 

K. Bethge listed some of the other 
industrial applications of accelera
tors, where the optical, chemical 
and semiconductor industries pre
dominate. Machines wi th energies 
up to 4 0 0 keV for ion implantation 
are now available commercially and 
higher energy machines are under 
development. As with alj accelera
tors destined for an industrial or 
medical environment, they have to 
be simple to operate, reliable and 
cheap. 

There is great demand from in
dustry for backscattering analysis 
(for example, using 2 MeV alpha 
particles f rom a Van de Graaff) to 
determine element distribution. Re
lated work is nuclear reaction ana
lysis and charged particle activation 
analysis to look for carbon content 
and location in semiconductors. 

The chemical, petrochemical, 
coatings and adhesives, plastics 
and rubber industries are using el
ectron beam irradiation in food pre
servation, strengthening of rubbers 
and plastics, water disinfection, 
etc. 

(Mirroring these applications, a 
first European Conference on Ac
celerators in Applied Research and 
Technology is to be held in Frank
furt in September of next year.) 

The interest in using accelerators 
for therapy dates back to the 
1930s and present developments 
were reviewed by Y. Jongen. 
There are now thousands of radio-

frequency linacs in hospitals for 
cancer radiotherapy and several 
centres have been exploiting the 
particular advantages of neutrons, 
pions, ions and protons. Ions and 
protons hold the most promise as 
their energy deposition can destroy 
a tumour wi th minimum damage to 
surrounding healthy tissue. 

Their application has been 
boosted by recent advances in pre
cision tumour location (for example 
by nuclear magnetic resonance). 
The machines for ions and protons 
are, however, comparatively ex
pensive and R and D is needed to 
bring costs down before the ma
chines become widespread. 

One important project is the cy
clotron EULIMA (European Light 
Ion Medical Accelerator), where the 
European Communities have just 
made funds available for a detailed 
two-year study. Twelve European 
countries are involved and a Work
shop will be held in Nice in No
vember. Another important project 
is the small proton synchrotron be
ing built at Loma Linda University 
Medical Center in the USA wi th 
help f rom Fermilab. 

Preparing for the future 

For the front line of particle physics 
at the start of the next century, 
Giorgio Brianti described the Large 
Hadron Collider project for CERN, a 
proton-proton collider of 8 TeV per 
beam using 10 T two-in-one mag
nets in the tunnel built for the LEP 
electron-positron collider. As well 
as using much existing infra
structure, it would allow a variety 
of particle collision possibilities, 
and shoots for very high luminosity 
( 1 0 3 3 and above). The machine de
sign is being well honed and the re
cent success of an industrially-pro
duced superconducting magnet 
(above 9 T, June issue page 13) 
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CCD-Cameras - compact and reliable 
Professional video systems are imployed to 
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has been encouraging. The impact 
on LEP operation of building LHC in 
the same tunnel has been studied, 
showing that LHC could be in
stalled in lengthy shutdowns during 
two years while still allowing phy
sics at LEP. 

For a subsequent generation, 
Antonino Zichichi spoke on a 2 x 
100 TeV collider, Eloisatron. This 
enabled John Peoples to introduce 
the US Superconducting Super Col
lider project (SSC) as 'a modest 
proposal'. This two-ring 20 TeV 
per beam scheme is awaiting final 
site selection early next year and 
the authorization of construction 
funds. $100 million is currently 
available and will be used particu
larly to solve the problems of con
structing good quality long super
conducting magnets. 

For electron linear colliders to 
take energies beyond LEP, Wolf
gang Schnell was also able to re
port 'progress towards reality', 
though the challenges of input 
beam quality, power sources and 
final focus still need work; Burt 
Richter pitched it as at least four 
years before a design could be put 
on the table. The problems are be
ing attacked at Stanford and CERN 
as well as in Japan and the Soviet 
Union. 

Since about half the cost of such 
machines is likely to be absorbed 
by the power sources there was 
special interest in the talk of Matt 
Allen on radiofrequency power 
sources, based on the pioneering 
development of klystrons at Stan
ford. In a collaboration with Liver-
more and Berkeley, 80 MW of 
peak power has been obtained 
from an X-band cavity in 30 ns 
pulses. Peak power is related to 
pulse length and hundreds of MW 
could be available from a single 
klystron at the frequencies required 
for linear colliders. 

There were various reports on 
superconducting r.f. cavities, also 
an important part of some of the 
collider schemes like CLIC at CERN. 
The technology of solid niobium 
cavities seems thoroughly mas
tered. D. Proch maintained that 7 
MV per m could now be guaran
teed from such cavities (5 MV is 
required for LEP). Niobium coated 
copper cavities could do the trick 
less expensively, and during the 
Conference C. Benvenuti an
nounced that at CERN a coated 
cavity had reached LEP parameters. 
However the reliability of such cavi
ties remains to be proven. 

A shining hope is that the newly 
discovered high temperature super
conductors could be used to coat 
copper cavities. 0. Fischer warned 
that it is very early for such specu
lations since the basic parameters 
of the materials are still being 
sorted out, but recognized the very 
great potential. 

Carlo Rubbia ('Future physics at 
accelerators') underlined why these 
big machines are being put forward 
and what they could go on to dis
cover. 

Nice to be in Nice 

The European series of accelerator 
conferences was launched to pro
vide a forum for the large and pow
erful community of accelerator phy
sicists and engineers in the 'old 
continent'. A similar meeting has 
been held in North America for 
many years where understandably 
the emphasis is on progress in the 
US. The International series moves 
between continents and includes 
Europe only once a decade; this 
series attracts high-level participa
tion and does not provide a plat
form for the hundreds of younger 
European specialists. 

This was rectified in Rome. 

There were about 700 participants, 
predominantly from Europe but 
with stimulating contingents from 
the US and USSR, presenting some 
850 papers. The second European 
Accelerator Conference will be held 
in Nice in 1990. 

by Brian Southworth 

Antonino Zichichi has done wonders for the 
cause of particle physics in Italy and heads 
the LAA project at CERN to develop detec
tors for the next generation of accelerators. 
He spoke at the Conference about the Elois
atron project for physics even beyond LHC 
energies. 
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ICFA at Rome 
The International Committee for Fu
ture Accelerators (ICFA) held its 
17th meeting in Rome in June in 
conjunction wi th the European Par
ticle Accelerator Conference, and 
heard reports f rom the Chairmen of 
its four specialist panels. Following 
the success of earlier workshops 
and of the 1987 Instrumentation 
School (proceedings now published 
by Wor ld Scientific, Singapore, see 
page 39), ICFA approved plans for 
future workshops and schools. 
Further information f rom the appro
priate Panel Chairmen (see box). 

Both the Instrumentation Bulletin 
and the Beam Dynamics Newsletter 
are now firmly established, thanks 
to support f rom DESY and the Uni
versity of Siegen, and Instrumenta
tion Bulletin advertising income 
now covers its printing costs. Pre

parations are well advanced for a 
Review of Detector Properties (ana
logous to the Review of Particle 
Properties), edited by H. Leutz 
(CERN) and R. Kenney (Berkeley). It 
will be published in Nuclear Instru
ments and Methods with financial 
support f rom CERN and Berkeley, 
and also as a small booklet. 

The Committee agreed that the 
name of the Panel on Supercon
ducting Magnets and Cryogenics 
could be changed to Superconduc
tivity and Cryogenics so that it 
could also cover work on super
conducting r.f. cavities. This panel 
is also working on an 'ICFA Stan
dard for Superconducting Wire and 
Cable for Accelerator Magnets' 
wi th the aim of reaching agreement 
by the t ime of the International 
High Energy Accelerator Confer
ence to be held in Japan in August 
1989. A draft version of the stan

dard is available f rom the Panel 
Chairman, H. Hirabayashi, KEK, Ja
pan, tel. 2 9 8 - 6 4 . 1 1 . 7 1 , telex 365 
2534 KEK HO J, telefax 0081 -298 -
6 4 . 4 0 . 5 1 . 

Following the earlier seminars 
held at KEK in 1984 and Brookhav-
en in 1987, ICFA unanimously de
cided to accept an invitation from 
the USSR State Committee for 
Atomic Energy to hold the next 
'Seminar on Future Perspectives in 
High Energy Physics' at Serpukhov 
in Spring or Autumn 1990. The 
next ICFA meeting will be held in 
Beijing in August 1989 at the invi
tation of the Institute of High Ener
gy Physics and of the Academia 
Sinica. 

ICFA - International Committee for Future 
Accelerators at its previous meeting in 
Brookhaven in October 1987. 

(Photo Brookhaven) 

Forthcoming ICFA 
Schools and 
Workshops 

Instrumentation Panel (Chairman 
T. Ekelof, EP Division CERN 
Telex 419000 CER CH, tel. 
(022) 83 59 46 or (022) 83 59 
22 Fax 022 83 37 68 bitnet 
EKE. VT at GEN) 
SECOND ICFA SCHOOL ON IN
STRUMENTATION, 12-23 
June 1989, ICTP Trieste. 
Beam Dynamics Panel (Chairman 
E. Keil, LEP Division CERN Telex 
419000 CER CH, Tel. (022) 83 
34 26 Fax 022 83 02 21, Bitnet 
Keil at CERNVM) 
FIRST ICFA SCHOOL ON BEAM 
DYNAMICS, Beam Dynamics 
and Engineering of Synchrotron, 
Radiation Sources, 1990 ICTP 
Trieste. 

THIRD BEAM DYNAMICS 
WORKSHOP, Beam-Beam Ef
fects in Circular Colliders, 29 
May - 3 June 1989, Institute of 
Nuclear Physics, Novosibirsk. 
FOURTH BEAM DYNAMICS 
WORKSHOP, Short Bunch Col
lective Effects (topic to be con
firmed), 1990 KEK Japan. 
New Accelerator Schemes Panel 
(Chairman R. Palmer, Brookhav
en and SLAC. At BNL: Tel. 516-
282-2842, Telex 6852516, Fax 
516-282-3000, At SLAC Tel. 
415-926-2190, Telex 910 373 
1162 Bitnet Palmer at SLACVM) 
ICFA WORKSHOP, 10 TeV e+e~ 
Collider Design, May 1990 
(place to be decided). 
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