
sa. Such mixups are not possible in 
silicon, which may be why silicon 
appears to be coming back strong
ly as the favourite semiconductor 
for treatment by ion implantation. 
The creation of buried nitride or ox
ide layers for SIMOX structures 
was discussed by Peter Hemment 
(Guildford). 

The absolute highlight of the 
Conference was the presentation 
by Chris Buchal (Julich) of doping 
and damage patterning of electro-
optical materials like potassium- or 
lithium niobate. Although describ
ing some of his perspectives as 
'speculative' and 'science f ict ion' , 
he nevertheless managed to per
suade the audience that rare-earth 
implantations in these materials 
could provide miniature integrated 
optical amplifiers, lasers, mixers 
and switches. These ideas will 
surely be important for both com
munication techniques and comput
er development in the coming de
cade. 

For a number of years it has 
been known that many vacuum-de
posited films can be improved by 

'bombardment wi th eV ions during 
deposit ion, presumably due to in
creased mobility of the deposited 
atoms which helps anneal out de
fects. 

Another claim is that bombard
ment wi th large clusters (hundreds 
of atoms) further improves the 
quality of deposited fi lms. Walther 
Brown (AT&T Bell Laboratories) 
showed that the commonly used 
source for these beams does not 
produce any large clusters and that 
the undeniably beneficial effects 
must come f rom single atom bom
bardment or bombardment wi th 
small clusters. This may be quite 
fortunate as Bob Averback (Urba-
na) showed in a series of very illu
minating computer simulations that 
bombardment with large clusters 

The radiofrequency quadrupole (RFQ), fast 
becoming the standard compact linear accel
erator. 

(Photo CERN 46.11.89) 

does not promote the formation of 
atomically flat surfaces, giving in
stead meteor-like craters. 

Energetic beams also play a role 
in the creation of high-temperature 
superconductors wi th improved 
current carrying capacity. Wei-Kan 
Chu (Texas Center for Supercon
ductivity) described radiation ef
fects induced by ion, neutron, elec
t ron, x-ray and gamma-ray beams. 
For the moment only neutron irra
diation appears to give a beneficial 
effect. Wi th an eye on future appli
cations of these materials for large 
accelerator magnets, it is interest
ing to note that the extreme radi
ation sensitivity originally reported 
for these materials is found only in 
poor-quality samples. 

(The proceedings of the confer
ence will appear in the May 1991 
issue of Nuclear Instruments and 
Methods B.) 

From H.H.Andersen, Copenhagen 

WORKSHOP 
Linac90 

In 1960 the first linear accelerator 
(linac) conference was organized at 
Brookhaven by John Blewett. In 
the few years fol lowing, linear ac
celerator energies jumped from 50 
MeV (at Brookhaven and CERN) to 
2 GeV at Stanford. Wi th the reali
zation that, at least for electrons, 
circular accelerators have reached 
their practical limits, linacs are once 
more in the spotlight. 

A t this year's linac conference 
(the 15th), held in Albuquerque, 
New Mexico, present-day machines 
described covered the spectrum 
from industrial and medical x-ray li
nacs to Stanford's SLC 50 GeV li
near collider, while on the drawing 
boards are linacs pushing all f ron
tiers of operation including energies 
to 1 TeV for a vast variety of appli
cations in and outside of the re
search laboratory. 

One of the most popular topics 
at the meeting, wi th about 25 pap
ers and posters, was the radiofre
quency quadrupole (RFQ), a small 
linear accelerator suitable for low-
velocity ion beams (June 1987, 
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page 3). The RFQ has superseded 
the large high-voltage systems pre
viously necessary in ion accelerator 
injection systems and makes com
pact linacs possible, even for a 
space-based system. Exhibited at 
the conference was the 1 MeV 
RFQ successfully tested aboard a 
rocket in a Los Alamos defence 
technology project. 

Among many other advanced 
RFQ projects heard at Linac90 
were the 250 mA unit at CERN re
ported by M. Weiss ; the 100% 
duty-factor 75 mA RFQ at Chalk 
River, reported by G. McMichael; 
and a variable-energy RFQ for hea
vy ions described by A. Schempp 
from Frankfurt. An innovative 
feature which J . Watson said will 
be tried in front of the RFQ for the 
proposed US Superconducting Su
percollider (SSC) is a helical quadru-
pole. A t Argonne, work is under
way towards a superconducting 
RFQ. 

Large future accelerator projects 
will also lean towards supercon
ducting radiofrequency cavities as 
a design option. The largest scale 
application to date is the ATLAS 
heavy-ion machine at Argonne, 
described by K. Shepard, but of 
course the real showpiece will be 
the CEBAF machine wi th recirculat
ing linacs now being built at New
port News, Virginia, where cavities 
have achieved high fields (Septem
ber/October, page 43). Summariz
ing the field, H. Padamsee (Cornell) 
reported that about 70 metres of 
superconducting cavities have been 
built so far at various institutions, 
either for development or real use 
(November, page 20). 

To reach accelerating gradients 
ten times higher may require some 
other technological development 
such as r.f. pulse compression (No
vember, page 5). New ideas such 
as this play a key role in the 1 TeV 

linear collider ideas aired in reports 
f rom SLAC (Stanford), CERN, KEK 
(Japan), and Novosibirsk. 

The larger, more exotic and 
more expensive these machines 
become, the more the engineering 
must depart f rom cut-and-try to ac
curate design. Thus another tech
nological advance is in computer 
design codes. The newer codes 
can handle r.f. cavities, beam op
tics elements, and beam dynamics 
wi th greater accuracy. This has 
been important for RFQ and super
conducting cavity development, 
and design of any high perfor
mance machine. R. Cooper (Los A l 
amos) reported on the new and 
specialized field of accelerator de
sign codes, which recently had its 
second conference. 

Several papers, such as J . 
Warner 's from CERN or Y. Yama-
zaki's f rom KEK, indicated that new 
linac structures could be on the 
way. Since a big advance may be 
necessary for TeV linear colliders, 
people at some major Laboratories 
are thinking about entirely new mi
crowave structures. Linear collider 
projects at CERN (CLIC - Novem
ber, page 5) and in Japan (JLC) are 
looking in this direction, as re
ported by G. Guignard and H. Mat-
sumoto respectively, wi th the latter 
having achieved accelerating gra
dients of 85 M V / m in a 0.6 m 
tank. T. Weiland reported that 
DESY and Darmstadt are thinking 
about a 500 GeV (total) electron-
positron linear collider using refine
ments of existing technology. 

Apparently closer to realization 
is the Japanese Hadron Project, the 
subject of several reports at the 
conference. The linac stage of this 
machine will deliver a 1 GeV beam; 
among the advanced design 
features will probably be perma
nent magnet quadrupoles in the 
drift-tube section and possibly use 

of the annular coupled structure, a 
new coupled-cell configuration. 
Prototyping and construction of 
some parts of the JHP linac is un
derway at KEK. 

Linac technology has taken root 
in several fields outside of the par
ticle physics laboratories. One new 
community wi th more than 16 pro
jects represented at Linac90 and 
surveyed by C. Pellegrini (UCLA) is 
developing the free electron laser, 
requiring a high intensity electron li
nac. One example, reported by P. 
O'Shea (Los Alamos), will run 300 
A at 40 MeV. 

In possible futuristic applica
t ions, for example the accelerator 
transmutation of radioactive waste 
or trit ium production schemes 
sketched by G. Lawrence (Los Ala
mos), a high premium is placed on 
linac power efficiency. I. Hofmann 
f rom GSI (Darmstadt) and R. Ban-
gerter f rom Berkeley, among oth
ers, reported on current develop
ment of r.f. and induction linacs to 
drive fusion reactors. In his sum
mary P. Grand (Brookhaven) specu
lated whether civilization's need foi 
energy might eventually become 
the prime force for development of 
linac technology. 

The main organizers of Linac90 
were Stan Schriber and Bob Harde-
kopf f rom Los Alamos. 

From Olin van Dyck 

ORSAY 
Tau workshop 
From 24-27 September 120 physi
cists met at the French Orsay Lab
oratory for a meeting devoted to 
the tau lepton and its associated 
neutrino. 

The tau was discovered in 1975 
by Martin Perl and his collaborators 
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