
The pessimistic budget makes for 
dismal reading - 'damage to particle 
physics would be severe' - and the 
field would be poorly positioned for 
the next decade. Future productivity 
would be endangered by insufficient 
students and trained personnel. Spe
cifically, Main Injector construction at 
Fermilab would be stretched out, with 
completion in 1998, the Stanford B-
factory would be shelved, and fur
thermore the SLAC accelerator com
plex would have to be closed in 
1995. 

The subpanel under Michael 
Witherell included Gerald Dugan, 

Gary Feldman, Jerome Friedman, 
Mary K. Gaillard, Donald Hartill, 
David Leith, Hugh Montgomery, 
Piermaria Oddone, James Pilcher, 
Pierre Ramond, James Siegrist, 
Robert H. Siemann, A.J. Stewart 
Smith, Sam Trieman, T. Laurence 
Trueman and Stanley Wojcicki (ex 
officio, as HEPAP chairman). Earle 
Fowler was Executive Secretary and 
Pat Rapp his deputy. 

The subpanel's charge was to ad
dress 'what emphasis should be 
placed on university-based research 
compared to the operation of accel
erator facilities at DoE National Labo

ratories, and consider whether the 
construction of new or upgraded fa
cilities should be initiated or pursued. 
The Subpanel should concentrate on 
the structure of the programme for 
the next five years. However it would 
be helpful also to discuss the major 
elements of the base programme of 
high energy physics research which 
includes an operating S S C 

During January and February, the 
Subpanel visited the five major US 
particle physics Laboratories -
Cornell, Brookhaven, the SSC, SLAC 
and Fermilab, in that order. 

Accelerating with industry 

At the end of March, Berlin was the 
scene of the third biennial European 
Particle Accelerator Conference 
(EPAC). It carried the usual news 
from the front-line machines in the 
high energy physics Laboratories and 
reports on progress with the latest 
technologies. But the organizers also 
decided 'to pay particular attention to 
developments in the field of synchro
tron radiation sources, compact syn
chrotron radiation sources, as well as 
smaller accelerators and their appli
cations'. As a result many sessions 
reemphasized how the mastery of 
charged particle beams is now com
monplace in a multitude of disciplines 
and applications. 

The conference, like its US counter
part, obviously had strong regional 
bias, reflected here, and underlining 
the vigour of this branch of science 
and technology in Europe, both in the 
Laboratories and in industrial sup
port. 

Higher fields and higher energies 

The opening talk covered the splen
did progress in commissioning the 
HERA collider in the host country's 
DESY Laboratory. First collisions 
were achieved with modest luminos
ity towards the end of last year, de
tectors were moved into place during 
March and commissioning thereafter. 
The main tasks are to take the proton 
beam to its design energy of 820 
GeV and to sustain the intensity of 
the proton beam as it accelerates 
through the injection system. 

This brings particle physicists to the 
brink of experiments with the unique 
conditions of high energy electron-
proton collisions. The accelerator 
specialists, meanwhile, rejoice in 
several HERA achievements: no spe
cial problems have emerged while 
colliding electrons and protons, the 
huge cryoplant has operated for four 

years with complete reliability, and, 
most encouraging of all, supercon
ducting magnets are now mastered 
to field levels of 5 T in machine oper
ating conditions. 

The major worry in the HERA pro
ton ring had been that persistent cur
rents would distort the low fields at 
injection; this worry has disappeared 
because their reproducibility makes 
compensation straightforward. 

The industrial contribution to this 
achievement was considerable. Over 
two thousand superconducting mag
nets were required for HERA and 
from some 700 dipoles (the most dif
ficult type) only five did not reach ac
ceptable quality. It is interesting, 
however, that there are small but 
measurable differences in perfor
mance between the magnets, built to 
the same specification, from the Ger
man manufacturer and those from 
the Italian manufacturer. In machine 
operation, there are two reference 
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The opening talk at the European Particle Ac
celerator Conference in Berlin in March cov
ered progress in commissioning the HERA 
electron-proton collider in the host country's 
DESY Laboratory. 

magnets monitored by NMR, one 
from each manufacturer. 

The push to higher fields continues 
at the SSC Supercollider Laboratory 
in the USA and at CERN for the LHC 
project. News from the SSC is that 
the increase to 50 cm aperture has 
been successfully incorporated in the 
design and the recent magnets built 
to that specification are performing 
better than the required 6.6 T (April, 
page 11). Five full-size magnets are 
on-site and are judged ready for the 
move to full-scale industrial produc
tion. A test of a complete 'string', 
consisting of ten dipoles and two 
quadrupoles, is scheduled before the 
end of this year. 

Magnets for the LHC, adapted to 
the constraints imposed by going for 
the highest possible energy in the ex
isting LEP tunnel, attack three novel 

challenges simultaneously - fields 
around 10 T, operation at 1.8 K, and 
two beam channels in a common 
yoke. The desired field has been 
reached in a magnet. More signifi
cantly, recent models have quenched 
only in the ends and splice areas and 
not in the body of the magnet; it has 
been shown that the twin-aperture 
configuration does not bring in new 
problems and moves from short mod
els to full-scale magnets should not 
affect performance. 

Recent LHC magnet designs look at 
several options, including separate 
collars for the coils around each 
beam to loosen the link between the 
fields in each aperture and to help in 
smoothing out magnet properties 
around each ring. Work continues to 
refine conductors, coils and collars. A 
half-cell, including five superconduct-

On Friday 15 May, protons in the 
superconducting ring of the HERA 
machine at DESY reached the de
sign energy of 820 GeV. HERA 
now supplies the world's highest 
energy protons. 

ing dipoles, will be tested next year. 
While higher field superconducting 

magnets can retain higher energy 
beams in a given ring size, supercon
ductivity also has its role to play in 
radiofrequency accelerating cavities 
to increase accelerating field gradi
ents and reduce operating costs. 
Here again there is fairly steady 
progress towards higher fields for 
higher energy machines. 

Since the first superconducting linac 
at Stanford HEPL twenty years ago 
(which incidentally is still working for 
Free Electron Laser research) gradi
ents have climbed to 5 MV/m reliably 
achieved in industrially built cavities. 
The biggest operating system is the 
32 five-cell system on the TRISTAN 
storage ring at the Japanese KEK 
Laboratory, soon to be overtaken by 
the rf system to double the energy on 
the LEP ring at CERN and the 
CEBAF linac in the USA (where 65 
cavities have been tested giving an 
average gradient of 8.3 MV/m). 

Though 5 MV/m may now be avail
able 'off the shelf, field gradients in 
operating machines are significantly 
lower - for example 3.3 to 4.7 in 
TRISTAN, 3.5 to 4.25 in LEP. Hap
pily, these lower performances are 
not 'cavity-based' but due to external 
sources such as power supply limita
tions, degradation due to dirt con
tamination, and exposure to synchro
tron radiation. They indicate, 
however, that superconducting cavi
ties do need continued nursing after 
they have been installed in ma
chines, much more so than conven
tional cavities. 

For the future the push to higher 
gradients continues, led by 34MV/m 
achieved at Cornell. 

Front-runners in colliding electron 
beams are the TRISTAN and LEP 
storage rings. TRISTAN is now in ac
tion for physics with energies of 29 
GeV and a greatly increased lumi-
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Proposed layout of the Tau-Charm Factory 
under study, in collaboration with CERN, for 
Spain. Many such 'Factories' were discussed 
at the EPAC conference. Their goal is the de
tailed study of special particles to fill in gaps in 
understanding at lower masses and energy 
levels than those confronted by the front-line 
machines. 

nosity following machine improve
ments during the last year (April, 
page 15). In a few years it is intended 
to convert the machine to a high 
brightness synchrotron light source. 
LEP has scoured the region of the Z 
mass with beam energies of around 
50 GeV. LEP is aiming to do the 
same job at the W mass with beam 
energies around 90 GeV. 

Beyond this energy, storage rings 
move out of the region of 'fiscal feasi
bility' and the biggest challenge in 
accelerator physics and technology 
at present is the attempt to achieve 
higher lepton collision energies via 
electron linear colliders. 

One talk on this subject concluded 
with the comment that it was neces
sary to kiss this technological frog to 
transform it into the desired prince. 
To which the corridor reply was that it 
may be necessary to embrace an 
awful lot of frogs before the prince 
materializes. 

Experience with the SLC Stanford 
Linear Collider has encouraged this 
work since it has demonstrated how 
to produce and handle beams of very 
small spot size. However, much 

higher luminosities (10 3 3 to 10 3 4) than 
at the SLC will be needed at'do phys
ics in the TeV range with linear 
colliders. Add to this the desire to 
keep machine sizes reasonable, say 
20 to 30 km (requiring accelerating 
gradients of some 100 MV/m), and to 
keep power requirements acceptable 
(below 200 MW) using novel r.f. 
power systems, and the technologi
cal difficulties are obvious. 

Four different methods are under 
development at Stanford (NLC), Ja
pan (JLC), Russia (VLEPP) and 
CERN (CLIC). They each have test 
facilities in operation tackling one or 
more of the technological problems. 
Other Laboratories with linear accel
erator traditions are also contributing 
to this work. A Workshop on electron 
linear colliders is being organized by 
the European Committee for Future 
Accelerators, ECFA, in July. 

Another approach to electron linear 
colliders is back under study after be
ing somewhat put aside in the early 
days of thinking of possible schemes 
because of the comparatively low ac
celerating gradients (25 MV/m maxi
mum) which could be achieved. Un

der the name of TESLA (TeV Energy 
Superconducting Linear Accelerator) 
it accepts the costs of a longer length 
machine in the hope that they could 
be compensated by lower power de
mand (a factor of a hundred or more) 
and less stringent demands on spot 
size to reach the necessary luminos
ity (100 nm rather than 5 nm). Sev
eral laboratories in the US and Eu
rope (April 1991, page 16) are 
collaborating in TESLA development. 

The Factories 

As the wave of front-line particle 
physics research surges on, it leaves 
in its wake a lot of incomplete knowl
edge and some fundamental prob
lems which require detailed work with 
masses of data. Typical examples 
are the examination of rare decay 
modes and the long-standing myster
ies of charge-parity (CP) violation. To 
do this work involves comparatively 
modest energy accelerators but they 
have their special technological chal
lenges in yielding luminosities a hun
dred times higher than usual to give 
the required volume of data. 

The machines are of a scale and 
cost which do not require extensive 
international collaboration and they 
have mushroomed in recent years so 
that a rare particle must feel ne
glected if there is not a proposal to 
give it its own 'factory'. 

The general purpose Kaon Factory 
proposal at the TRIUMF laboratory in 
Canada leads a sinusoidal life of opti
mism and frustration; the latter phase 
predominates at the moment - hope
fully temporarily. There are Tau-
Charm Factory proposals in Russia 
and in Europe; the latter (July/August 
1991, page 13) envisages a site in 
Spain and has been developed in 
collaboration with CERN. It has su
perimposed electron-positron rings of 
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Star of the EPAC show was the European 
Synchrotron Radiation Facility, in Grenoble, 
reporting impressive progress in commission
ing its 6 GeV storage ring as the conference 
progressed. A stored beam of 10 mA was 
achieved during the week and the ESRF is the 
first large machine of its 'third generation' kind 
to come into action. 

2.5 GeV. A Phi Factory, called 
Daphne, is to be built at Frascati in 
Italy; it will collide intense electron-
positron beams at 500 MeV per 
beam. Other Phi Factory studies are 
at Novosibirsk with a 'butterfly' con
figuration of two superconducting 
rings, UCLA in the USA with a single 
superconducting ring, and KEK Ja
pan with two conventional rings. 
There are no less than six proposals 
for Beauty Factories - all two asym
metric ring schemes. 

Making light 

Synchrotron radiation sources were a 
major theme of the conference and 
the statistics presented over fifty ma
chines in operation, most of them for 
a broad range of research but about 
ten for specific applications like li
thography or Free Electron Lasers. 

Star of the show was undoubtedly 
the European Synchrotron Radiation 
Facility which was commissioning as 
the conference progressed. ESRF, 
supported by twelve European coun
tries, is a 6 GeV machine fed by a full 
energy synchrotron booster. Electron 
beams are being used initially but 
they will probably be replaced by 
positrons in 1994. ESRF is of the 
third generation type, using undulator 
and wiggler insertion devices in the 
straight sections of the machine as 
the major sources of its intense ra
diation with well defined properties. 

The ESRF has been built, on sched
ule and within budget, with impressive 
speed; ground breaking was only 
three years ago and the storage ring 
was installed within a year. The first 
stored beam was achieved on 1 
March. As the conference opened, 
beam-lifetimes of an hour had been 
achieved and by the time the partici
pants had dispersed 10 mA had been 
stored. It looks as if research at the 

ESRF will open comfortably ahead of 
other equivalent machines elsewhere. 

Of great topical interest is the start 
up of compact synchrotron radiation 
sources for X-ray lithography in the 
electronics industry. IBM produced 
chips with 0.5 micron line width using 
beams from the Brookhaven Light 
Source in 1988. Since then machines 
have been built or planned with the 
aim of reducing line width to 0.1 mi
crons. Such compact sources are 
also to be used in the production of 
microstructures for the commercial 
market (using the LIGA method) and 
for K-edge angiography for heart 
scans. 

There are fourteen such projects in 
all - eight in Japan, four in Europe 
and two in the USA. Front-runner is 
the Aurora model built by Sumitomo 
in Japan, which came into action in 
1989. it uses a compact microtron for 
injection (and a novel resonance in
jection technique which is a sort of 
reverse slow ejection) and has stored 
300 mA at 650 MeV in a 1 m diam
eter single superconducting magnet. 

COSY in Germany initially used con
ventional magnets and stored 100 
mA at 50 MeV; the move to super
conducting magnets has so far 
yielded only 1 mA at 550 MeV. Super 
ALIS in Japan has 200 mA at 600 
MeV. Oxford Instruments in the UK 
have delivered a superconducting 
machine called Helios to IBM. 

Free Electron Lasers also attract a 
lot of attention but more for what they 
potentially can deliver in radiation 
fluxes rather than what they have de
livered. There are 41 projects in op
eration or building (15 in Europe, 14 
in the USA, and 12 in Japan). 15 of 
them have 'lased' so far, five of them 
coming into action during the past 
year. It should not be long before 
their promise is realized. 

Some of the uses of synchrotron 
radiation in biology were described 
by M. Kock from the European Mo
lecular Biology Laboratory, who does 
research at DESY. Such research 
and related applications have re
cently been reviewed by EMBL in a 
book of 600 pages! 
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Painting the alphabet with high energy heavy 
ion beams at Darmstadt using the raster scan 
technique. This excellent control of beams 
bodes well for the use of ions in three dimen
sional treatment of cancer tumours. 

Other research fields and 
applications 

Nuclear physics continues to benefit 
from advanced accelerators. 
Progress at the CEBAF project, with 
its two superconducting linacs, is 
looking good with cavity performance 
well above specification. The poten
tial peak energy is under review with 
optimists predicting as high as 8 or 
10 GeV rather than the design 4 
GeV. The experience with the S-
DALINAC recirculating superconduct
ing linac at Darmstadt (May 1991, 
page 10) has yielded a lot of informa
tion to help the new projects. In Eu
rope, nuclear physicists from several 
countries have been developing a 

microtron-type scheme to go as high 
as 15 GeV via five passes through 
three 1 GeV linacs. 

CERN Director General Carlo 
Rubbia gave a special evening talk 
on the concept of achieving inertial 
confinement fusion via pellet bom
bardment by accelerated ion beams. 
The concept has been around for 
some time but benefits from the tre
mendous progress in accelerator 
technology. It is now a serious alter
native to magnetic or laser confine
ment schemes and thus worth pur
suing in parallel. Such techniques of 
bringing matter to states of high tem
perature and density promise a new 
range of physics in addition. 

A first step is opening up at the 
Darmstadt heavy ion complex, SIS/ 

ESR. In the past two years ions of 
neon, argon, krypton, xenon, dys
prosium, gold and bismuth (the fa
voured ion in inertial confinement 
schemes) have been accelerated in 
the SIS. 

The application of such beams for 
cancer radiotherapy has been inves
tigated with tire Darmstadt machine 
and remarkable control of raster 
scans with ion beams of small spot 
size has been demonstrated. Ions 
have some advantages over other 
particle species in such treatment 
because of their sharp 'Bragg peak' 
deposition of energy and their bio
logical effect in more efficient cell 
destruction. 

A 500 MeV neon ion synchrotron 
has been studied at Darmstadt but 
such ion machines are still techni
cally too difficult for operation in hos
pital environments. Simpler proton 
and neutron facilities have been used 
in several countries and a major 
medical facility is coming into action 
at Loma Linda hospital in California 
using a proton synchrotron devel
oped at Fermilab. 

Ion beams are also in widespread 
use in materials research and appli
cations for the analysis and modifi
cation of material surfaces. Ion im
plantation is used in the 
semiconductor industry and is com
ing into use on a largescale for im
planting impurities to improve mate
rial properties. They generally 
require energies up to about 200 
keV. Beams into the MeV region are 
needed for ion beam synthesis 
(where heavier doses of ions pro
duce new compounds) and ion 
beam mixing or assisted deposition 
(where surface atoms are ex
changed and inert atoms inserted). 
Electro-optical devices, improved 
mechanical properties of ceramics, 
better lubricants, filtration mem
branes with pores produced by parti-
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cles can all benefit from the growing 
use of higher energy accelerators in 
materials research. 

The treatment of radioactive waste 
by high power accelerators is under 
study in the USA and Japan with the 
aim of chemical transformation of 
long-lived radioactive elements us
ing intense fluxes of thermal neu
trons (April, page 19). In Japan a 
very high power linac is being stud
ied and Los Alamos have a scheme 
for a proton c.w. accelerator to de
liver over 100 mA at 1 GeV. Though 
the schemes may be feasible, they 
need much more work before they 
are optimal. 

Other high power machines are in
vestigated in many countries (Ger
many, Russia, Poland, Sweden, 
etc.) to ease environmental prob
lems. Electron beams can help in 
flue gas treatment, water purification 
and food irradiation. For example a 
research project in Poland uses an 
electron beam to remove 90% of 
sulphur and nitrogen oxides from 
flue gas. 

Industrious approach 

The ever-closer relationship between 
the European accelerator community 
and European industry was excep
tionally noticeable at the conference. 
This has not happened overnight; it 
has been steadily developing for 
many years. 

There are two obvious reasons for 
this. The first is that the technologi
cal abilities of industry have been 
transformed in the past two dec
ades. For example, when the CERN 
PS and even ISR were being built 
almost all the technologically ad
vanced design, prototype and as
sembly work had to be done 'in-
house'. The first sorties to place 
such work in industry failed. Now in

dustry is a full partner beyond the 
stage of initial conception. 

These abilities were very obvious 
in a splendid industry exhibition held 
in parallel with the conference. Such 
was the attraction of the displayed 
work being carried out in industry 
that this exhibition was frequented 
every bit as much as the poster ses
sions of the conference proper. 
Turnkey' accelerators can now be 
bought from industry for a variety of 
purposes. Among the hitech presen
tations were compact superconduct
ing synchrotrons for X-ray lithogra
phy, cyclotrons for isotope 
production and proton cyclotrons for 
cancer therapy, all built in industry. 

The second reason for the in
creased symbiosis is the sheer scale 
of the present projects in the high 
energy physics Laboratories' 
Whereas CERN could confront the 
assembly of the magnets for the PS 
or ISR there is no way without an 
unreasonable increase in Laboratory 
resources that giant rings such as 
LEP (27 kilometres) or the SSC (87 
kilometres) can be equipped without 
considerable industrial participation. 

A reflection of this came in a special 
session at the conference devoted to 
transmitting to industrial partners the 
needs of current European projects. 
The session opened by recounting 
the experience in building the ESRF; 
with a tiny group of only twenty Labo
ratory professionals the machine 
came together very rapidly with de
sign and construction by industry. 
With the exception of the lattice cal
culations, the insertion devices and 
the beam monitoring system, every
thing was contracted out, with almost 
universal success. 

Other projects presented for con
sideration by industry were BESSY-
II in Germany, Daphne in Italy, the 
Tau-Charm Factory in Spain and the 
Large Hadron Collider at CERN. In 

each case a list of component re
quirements was presented; for the 
LHC a fat book of the machine com
ponents is already available for in
dustry. 

Overall the conference gave evi
dence of an accelerator community 
and a surrounding industry in a very 
good state of health. 

By Brian Southworth 
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