
End-on view of the decay of one of the first 
Z particles seen by the Mark II detector in el
ectron-positron annihilations at the new SLC 
Stanford Linear Collider. The decay is domi
nated by two back-to-back sprays ('jets') of 
strongly interacting particles (hadrons). 'Hits' 
in the central drift chamber are shown in 
pink while those in the outer barrel of the el
ectromagnetic calorimeter are in yellow. The 

Naturally, emphasis at the Particle 
Accelerator Conference in Chicago 
in March was on work in the US, 
just as the newly instituted Euro
pean Particle Accelerator Confer
ence places emphasis on work in 
the 'old continent' (September 
1988, page 7). All will come to
gether at the international confer
ence in Japan in August. 

The proposed US Superconduct
ing Supercollider (SSC) was high
lighted in the opening talk at Chica-

blue-and-maroon sandwiches are hits in the 
time-of-flight scintillation counters just inside 
the barrel. Red reconstructed tracks are 
identified as charged hadrons, and green as 
electrons or positrons. The two blue tracks 
are probably pions that punched through the 
calorimeter, rather than muons. The particle 
identifications are preliminary. 

go. Progress on this inchoate pro
ject to explore the TeV (1000 GeV) 
energy region by colliding 20 TeV 
proton beams was reported by the 
recently-appointed Director of the 
SSC Laboratory, Roy Schwitters. 
He reviewed the physics challenges 
and described progress and plans 
towards full authorization of con
struction. 

This year, the SSC conceptual 
design will be transformed into a 
'site specific' report, now that the 

fects of this upgrade. A peak lumi
nosity of 3 x 1 0 2 7 cm" 2 s" 1 has 
been achieved, equivalent to 3 Zs 
per day given current operating ef
ficiencies (and assuming the 92.2 
GeV tuned collision energy is spot-
on). 

Wi th CERN's mighty LEP elec
tron-positron collider now readying 
to make its entrance, the contribu
tion that the SLC makes to our 
knowledge of the Z, and to high 
energy physics in general, remains 
to be seen. But whatever the phy
sics may bring, wi th the SLC a new 
kind of particle collider has made a 
successful debut on the high ener
gy research stage. 

conference 

location at Waxahachie in Ellis 
County, Texas, has been selected. 
The Central Design Group, based in 
Berkeley for the past few years, 
will soon move to the Waxahachie 
region. The top management struc
ture is taking shape and an Inter
national Advisory Committee is be
ing formed. 

The project is receiving very 
strong local support. A Commis
sion has been set up in Texas to 
organize a billion dollars of State 
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Final assembly of the 17 m superconducting 
magnet prototypes for the SSC. Some as
pects of the crucial magnet development 
programme are going well. Others need 
more attention before magnet production 
can be passed to industry. 

funds for the project. This will in
clude about a hundred million dol
lars to strengthen the research and 
development phase, presently un
derway in Laboratories elsewhere 
in the US. Given the enormous 
scale of the project, wi th about 
ninety kilometres of tw in storage 
rings, major collaborations wi th in
dustry are essential and the SSC is 
already teaming up wi th several in
dustrial partners (November 1988, 
page 28). 

It is hoped that government au
thorization will enable construction 
to start next year, when the big 
collaborations to design and build 
the detectors can also be formed. 

Superconducting magnets 

Crucial to the SSC machine de
sign are the superconducting mag
nets to bend the particle beams. 

Their manufacture and installation 
will dominate the construction 
schedule and their cost (over a bil
lion dollars) will be about a third of 
the total outlay. Some twenty thou
sand kilometres of superconductor 
will be required, compared to some 
1.5 thousand for the Tevatron at 
Fermilab and one thousand for the 
HERA collider now being built at 
the German DESY Laboratory in 
Hamburg. Conductor quality has 
been improving remarkably in re
cent years. The SSC provisional 
specification called for a critical 
current of the superconductor of 
2.4 kA per square millimetre. This 
was upgraded to 2.75 kA in the 
conceptional design report and the 
manufacturers are now aiming for 
3 kA. 

The SSC magnet research and 
development programme was cov
ered by Tom Kirk. It involves Ber
keley for the development of the 

superconductor itself, Brookhaven 
for the winding of the coils and 
their assembly in the cold mass, 
and Fermilab for the installation in 
cryostats and magnet testing. Fer
milab has recently put together the 
necessary tooling for full magnet 
construct ion; this could increase 
the prototype magnet production 
rate and will also prepare for indus
trial production. So far sixteen 
firms have expressed interest. 

The magnets will be 17 m long 
wi th a 3.3 cm aperture for the 
beam. The design field is 6.6 T 
produced by a current of 6.5 kA in 
the coils. Operating lifetime is set 
at ten years without maintenance. 
A series of short (1.8 m) and full-
scale magnets have been built, and 
recent magnets have a mixed histo
ry. Number 13 performed excep
tionally wel l , wi th only t w o 
quenches at 4.3 K and reaching a 
field of 8 T at 3.35 K. Tests 
showed excellent mechanical sta
bility of the coil package. However 
number 16 did not top 5 kA in the 
coil, well below the design require
ment, despite also showing excel
lent mechanical properties. The 
problem has been traced to bad 
superconductor and more stringent 
quality control is now being imple
mented. The latest full-scale proto
type (number 17) had only one 
quench before reaching design field 
and has operated with over 7 kA. 
Number 18 is almost ready for 
cooldown. Equipment for measur
ing field quality in these long mag
nets will soon be operational at 
Fermilab. Mass production of the 
magnets in industry should start in 
1992. 

Industrial production of super
conducting magnets, a feature of 
the HERA project at DESY, was re
ported by Bjorn Wiik. The proton 
ring of this proton-electron collider 
needs over four hundred supercon-
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Roy Schwitters, newly appointed Director of 
the SSC Laboratory, gave the opening talk at 
the Chicago accelerator conference covering 
progress on this proposed huge US project. 
He is photographed in front of the Collider 
Detector Facility at Fermilab where he led 
the collaboration which built the detector. 

ducting magnets to provide a field 
of 4.7 T. More than a hundred 
have been measured; they exhibit 
essentially no training and achieve 
fields above design level. The first 
superconducting quadrupoles were 
installed in the HERA tunnel in 
March and the proton ring is 
scheduled for completion next 
year. 

The main concern in the opera
tion of the HERA bending magnets 
is the effect of persistent currents 
at low fields during injection. Fortu
nately the variation of these cur
rents from magnet to magnet is 
proving to be small and it is ex
pected that compensation will be 
straightforward. Overall, the HERA 
project is going well (see page 19). 

The world 's first big supercon
ducting accelerator, the Fermilab 
Tevatron, has now several years of 
operating experience. Gerry Dugan 
described the great success of re
cent runs. The fixed target pro
gramme receives 800 GeV beams 
of 1.7 x 1 0 1 3 protons per pulse. 
The proton-antiproton collider is 
operating at luminosities of 2 x 
1 0 3 0 (twice the design goal). The 
integrated luminosity goal was ini
tially set last year for 1000 inverse 
nanobarns, but had already reached 
7000 with two months still to go! 

There were dozens of papers at 
the conference on the performance 
of the Tevatron and its antiproton 
source. In the next few years it is 
hoped to take the luminosity to 
1 0 3 1 wi th a new 400 MeV linac to 
reduce Booster space charge prob
lems at injection, a more powerful 
low beta section, and the installa
tion of electrostatic separators to 
keep the proton and antiproton 
beams apart except at the t w o big 
detectors. By operating at a lower 
temperature than 4.2 K, the colli
sion energy will inch up (see 
page 15). 

This higher energy performance 
is overtaking the similarly impres
sive achievements fol lowing the 
improvements at the CERN proton-
antiproton collider (described by 
Eifion Jones). Peak luminosity so 
far was 2.4 x 1 0 3 0 and a new run 
is well underway (Luminosity at 
CERN's proton-antiproton collider 
has since exceeded 3 x 1 0 3 0 ) . 

The European project to add a 

Large Hadron Collider (LHC) in the 
LEP tunnel for multi-TeV proton-
proton physics was not reported at 
the conference but there has been 
promising work at CERN in collabo
ration wi th industry to produce 
high field superconducting mag
nets. Both niobium-titanium and 
niobium-tin magnets are under de
velopment. 
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Superconducting radiofrequency 

Impressive was the report by Y. 
Kojima f rom the Japanese KEK 
Laboratory on the upgrading of 
TRISTAN to higher energies using 
superconducting radiofrequency 
cavities. The electron-positron ring 
has 104 conventional copper cavi
ties producing a peak energy of 
28.5 GeV, and sixteen niobium su
perconducting cavities were added 
last November (December 1988, 
page 13). 

The good performance is put 
down to improved quality niobium, 
and careful preparation and check
ing at all stages of cavity construc
t ion. Procedures include titanium-
wrapped annealing after the first el-
ectropolishing, to remove hydrogen 
f rom the niobium, and a final ample 
rinse in water wi th hydrogen pe
roxide in an ultrasonic bath. There 
have been problems wi th leaks at 
the input-coupler w indows (now 
modified), heating of higher-order 
mode cables, some degradation in 
performance when changing f rom 
vertical to horizontal cryostats, and 
strong X-ray emission when oper
ated in the machine (due to poor 
machine synchrotron radiation 
shielding rather than excessive el
ectron activity in the cavities). 

The latest cavities show almost 
no electron emission f rom the cell 
surfaces and there are now many 
cavities giving accelerating field 
gradients in excess of 10 MeV per 
metre under test in vertical cryo
stats. A further sixteen cavities will 
be installed this summer to take 
the TRISTAN energy to 32 GeV 
per beam. 

Ken Shepard pointed out that r.f. 
superconductivity has been around 
25 years since the pioneering work 
at Stanford's High Energy Physics 
Laboratory. A wide variety of 

A celebration in honour of Georges Charpak 
(second from left) was organized during the 
5th Vienna Wire Chamber Conference (April 
issue, page 1). Charpak has been a major in
fluence on the evolution of this conference 
to international status - 260 participants 
from 22 countries attended this latest event. 
With him in the newly-built conference 
centre of the University of Vienna are the 
conference organizers, left to right, Mein-
hard Regler, W. Bartl and Gunther Neuhofer. 

structures are used in accelerators 
for low velocity particles. Argonne 
is prominent among the Laborato
ries using superconducting ele
ments in the acceleration of ions. 
Lowell Bollinger reported on the 
ATLAS (Argonne Tandem Linear 
Accelerator System) machine, 
where five low-beta resonators 
came into action for their injector li-
nac at the end of February. 

The Laboratories going for high 
energies, such as KEK, Cornell, 
DESY and CERN, have all now sett
led on iris-loaded waveguide struc
tures. Improvements in the thermal 
conductivity of the niobium cells 
and greater care in surface treat
ment and cleanliness have yielded 
the results crowned by the recent 
work at KEK. At CERN, a cavity has 
had a successful long-term test 
(8000 hours) operating on the SPS 
and four cavities are being installed 
in LEP. 

The nuclear physics project 
which depends crucially on suc
cessful production and operation of 

superconducting cavities, the recir
culating linac of CEBAF, was not 
featured at the conference in a ma
jor presentation. The news is that 
work on their prototype cavities is 
yielding accelerating field gradients 
well above the design value of 5 
MV per m and the first deliveries of 
production cavities f rom industry 
are scheduled for later this year. 

The innovative teams at Wup-
pertal and Cornell are continuing 
their investigations. They have en
couraging results wi th niobium-tin 
structures and have recently experi
mented wi th the new high temper
ature superconductors sputtered 
onto other surfaces. No intrinsically 
adverse properties have been 
found so far. 

Other big machines 

News f rom the SLC Stanford Li
near Collider has been overtaken 
by more recent events (see page 
1). It had been plagued wi th com-
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Technology 
Award 

At the Chicago conference a 
new award for 'outstanding 
contributions to the develop
ment of particle accelerator 
technology' was presented to 
Jackson Laslett. In making 
the presentation, Mark Bar
ton, Chairman of a Technical 
Committee on Particle Accel
erator Science and Technolo
gy, referred to Laslett's work 
on beam dynamics, magnet 
design, space charge forces 
and collective instabilities, 
with unique contributions to 
computational methods on 
most of these topics. 

ponent unreliability, particularly 
in the old linac, and it took a long 
t ime to get bunches of a few 1 0 1 0 

particles to the final focus consist
ently. 

However this is a vital contribu
tion to the effort to take electron 
collision energies beyond those of 
LEP at CERN, showing that it is not 
that difficult to make beams only a 
few microns across collide head-
on. 

A number of contributions f rom 
the LEP team at CERN illustrated 
the intense but careful effort pre
paring for first collisions this com
ing summer (May issue, page 5) 
and development work to get the 
most f rom the machine. 

There was encouraging news 
about the proposed 30 GeV kaon 
factory at TRIUMF, Vancouver, re
ported by Mike Craddock, a promi
nent advocate of the project for 
many years. It has become a top 
priority federal project in Canada, 
the Laboratory has been joined by 
t w o more Canadian universities and 
international interest is emerging in 
several countries (including the 
USA, Italy and Germany). The $11 
million assigned for pre-construc-
tion work by the Canadian govern
ment and British Columbia province 
(September 1988, page 1) will f i 
nance the 'project definition study' , 
including the building machine com
ponent prototypes. 

Synchrotron radiation 

Herman Winick gave his usual 
thorough review of the ever-escal
ating field of the use of synchro
tron radiation; some 32 Laborato
ries in thirteen countries employ (or 
will employ) 42 rings to produce in
tense fluxes of radiation, f rom 
ultra-violet to hard X-rays, and the 
user community is in excess of 

6000 . There are many pleasing 
features of this escalation - it is a 
spinoff f rom the supposedly esot
eric wor ld of particle physics, it in
volves a very large number of re
search disciplines, fruitful work can 
be done on comparatively modest 
machines within the scope of de
veloping countries and modest uni
versity departments, and there are 
immediate commercial applications 
(in the leading Laboratories about a 
third of the present research has 
industrial aims). 

The latest generation of ma
chines employ undulators and 
wigglers to augment flux intensi
ties. Super-ACO at Orsay is the 
first of these to be in operation 
wi th a storage ring energy of 0.8 
GeV. The Advanced Light Source, 
ALS, wi th a ring energy of 1.5 GeV 
had its groundbreaking ceremony 
at Berkeley last July and is sched
uled for completion in Spring 1993. 
The Advanced Photon Source, 
APS, at Argonne wi th a ring ener
gy of 7 GeV hopes to have con
struction authorization next year. 
Europe (ESRF at Grenoble), Japan 
and Korea also have projects in this 
energy range incorporating the la
test advances in technology. 

The largest of the present parti
cle physics storage rings also have 
excellent properties as radiation 
sources. When they are operating 
somewhat below peak energy, 
they can cope with intense beams 
while retaining low emittance re
sulting in high-brightness X-ray 
sources. PEP is a prime example 
where synchrotron radiation re
search has been most successfully 
added recently. Winick concluded 
wi th the provocative thought that 
the very low emittance in the SSC 
could make it 'the wor ld 's most 
powerful lightbulb'. 

In one of the concluding talks, 
David Moncton, recently appointed 

to lead the APS project, summar
ized scientific results, which he 
maintained could have great ben
efits for the nation's economy, 
health and environment. There is 
work in the fields of physics, 
chemistry, biotechnology, nuclear 
waste treatment, medicine, de
fence technology, materials 
science, surface science, industrial 
processes, and earth sciences. 

In some of these fields the pro
perties of synchrotron radiation are 
particularly appropriate. Moncton 
pointed out that for most techno
logical problems, the fundamental 
interactions are understood much 
better than the complexities which 
develop in microscopic aggrega
tions in condensed matter, and 
synchrotron radiation can look at 
these complexities in both space 
and t ime. 

In the commercial f ield, specific 
topics are microstructures of cata
lysts (with heavy implications for 
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Protons for cancer therapy. The tiny proton 
synchrotron, 7m across, built at Fermilab for 
the Loma Linda University Medical Center. 
The synchrotron will be shipped from Fermi
lab to the hospital in July. 

possible new progress towards 
cold nuclear fusion), lubricants, su
perconductors, ceramics, magnetic 
recording materials, virus structure, 
medical imaging and angiography. 

Now receiving most attention is 
the X-ray lithographic production of 
integrated circuits wi th line struc
tures a fraction of a micron across. 
Prototype work at several of the 
major Laboratories, such as the 
Brookhaven National Synchrotron 
Light Source (November 1988, 
page 24), has been very successful 
and commercial interest is mush
rooming, particularly in Japan, Ger
many, the UK and the US. Both 
room temperature and supercon
ducting rings have been designed 
and the first are being commis
sioned. It seems likely that this will 
become the technique of choice for 
producing sub-micron structures 
and as many as a hundred ma
chines in the 0.5 to 1 GeV energy 
range could be needed by the 
semiconductor industry. 

Other applications 

In medicine, accelerator techno
logies are in growing use in radioi
sotope production and in diagnosis 
(precise tumour location). However 
it is in the use of particle beams for 
tumour therapy that new steps are 
being taken. In Europe there is the 
Eulima project for light-ion therapy 
(January/February issue, page 2). 
In the USA, a proton therapy ma
chine will soon be moved to Loma 
Linda University Medical Center 
after design and construction at 
Fermilab with Scientific Applica
tions International Corporation as 
industrial partner (May issue, page 
14). Work at Michigan on super
conducting cyclotrons to produce 
neutron beams for cancer therapy 
was covered by H. Blosser and the 

Eulima project by P. Mandrillon. 
A t several Laboratories (Los Ala

mos, Livermore, Sandia) work con
tinues as part of the USA SDI pro
gramme to develop directed-energy 
weapons systems for use in space. 
Because of the problems of propa
gating over a long distance while 
retaining concentration, the accel
erator would have to provide very 
intense beams of high quality. Re
search and development at this 
stage is therefore concentrated on 
modest acceleration systems 
aimed at perfecting particle beam 
production. 

Stan Schriber described the 
Ground Test Accelerator being 
built at Los Alamos. It aims to fun
nel negative hydrogen ions f rom a 
surface plasma ion source through 
a radiofrequency quadrupole (RFQ), 
drift tube linac and coupled cavity 
linac to reach an energy of 100 
MeV. They have bettered the 
LAMPF figures on a test stand at 7 
MeV accelerating 100 mA at 425 
MHz and schedule a demonstration 
of long distance transmission of a 
24 MeV beam in about three years. 

Los Alamos has been the scene 
of preparations for the first man-
made accelerator to be used in 
space, the BEAR (Beam Experi
ments Aboard Rocket) accelerator, 
aboard a Minuteman rocket. Opera
tional just for a few minutes, it is 
designed to measure accelerator 
effects due to the special condi
tions in space, particularly gravita

tion and radiation. Negative hy
drogen ions go to 1 MeV in an RFQ 
and are then neutralized in xenon 
gas, a 10 mA neutral hydrogen 
beam being ejected from the spa
cecraft through diagnostic units. 
Components successfully endured 
a flight-simulation test last August. 

The meeting was the 13th Parti
cle Accelerator Conference to be 
organized in the USA. It attracted 
some 700 papers (about a hundred 
more than at the previous confer
ence in Washington in 1987), un
derlining the increasing practical 
applications of accelerators. 

By Brian Southworth 
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