
quark interactions, there would be no 
resultant central hadronization, 
leaving a kinematical range (a few 
units of 'rapidity') with no particles - a 
gap. 

J.D. Bjorken, F. Halzen and others 
argued that rapidity gaps should be 
sought at the Tevatron. Such gaps 
are common in diffractive collisions, 
but the momentum transfer across 
the gap is always less than a few 
GeV if the conventional soft Pomeron 
is exchanged. However a wide gap 
might also be possible with a very 
large momentum transfer, say 
50 GeV (a 'hard' Pomeron). Theorists 
are encouraging experimenters to 
look for events with balanced jets 
separated by a rapidity gap as a 
means of isolating 'hard diffraction', a 
quite new aspect of strong interac
tions. 

There are also attempts to explain 
strange cosmic ray events such as 
'Centauro', with a very large imbal
ance between electromagnetic and 
hadronic energy, in ways which 
relate to hard diffraction. At hadron 
colliders, the physics of particles 
coming out at large angles (the 
central region) has been so interest
ing and fruitful since the mid-late 70s 
that what comes out in the forward 
directions has been relatively ne
glected. The Fermilab workshop 
demonstrated this might be an 
oversight. 

From Michael Albrow and Alan White 

Stan Hagen, leader of the Canadian delega
tion, and Kim Campbell, senior British 
Columbia federal minister push for the new 
KAON facility at the Vancouver TRIUMF 
Laboratory. 
(Photo Tallulah) 

Vancouver Cyclotron 
Conference 
Although no longer on the high 
energy frontier, the cyclotron field is 
still a major scientific growth area. Its 
progress is highlighted at the interna
tional conference on cyclotron 
design, development and utilization 
held at intervals of about three years, 
under the auspices of the Interna
tional Union of Pure and Applied 
Physics (IUPAP). 

Vancouver, surrounded by moun
tains, water and some cyclotrons, 
provided a pleasant setting for the 
13th Conference, held last summer. 
With over 200 cyclotrons in operation 
around the world, the attendance, 
241 delegates and 26 industrial 
exhibitors, was a near record, reflect
ing the flourishing state of the field. 

The early sessions covered the 
initial operation of new or upgraded 
cyclotron facilities. Major facilities 
completed since the previous Confer
ence in Berlin in May 1989 included 

the 400 MeV ring cyclotron at Osaka, 
the U400M cyclotron at Dubna which 
will be coupled to the U400 to give 
20 MeV nucléon uranium beams, the 
130 MeV cyclotron at Jyvaskyla 
(in Finland, the furthest north!), the 
110 MeV JAERI machine in Japan, 
and the 65 MeV proton therapy 
cyclotron in Nice. 

Among the facility upgrades were 
the KFA cyclotron at Julich which will 
inject the 2.5 GeV storage ring 
COSY, and the addition of an FM 
mode to the K=200 CW mode at 
Uppsala to give protons up to 
180 MeV. The impressive current of 
1.5 mA at 72 MeV obtained from the 
PSI Injector II will soon be injected 
into the 590 MeV ring. 

Many new cyclotrons involve the 
use of superconducting magnets. For 
instance the rotatable 'flying cyclo
tron' built at Michigan State Univer
sity is now treating cancer patients at 
Harper Hospital in Detroit. Supercon
ducting cyclotrons of novel design 
are also moving in Europe; that 
begun in Milan is being completed in 
Catania, while one being built in 
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Orsay will be installed at Groningen. 
Several superconducting cyclotrons 
are developing higher deflector 
voltages to extract the highest 
energies. 

One superconducting machine 
pushing the design frontiers is 
the TRITRON, described by Trinks 
of Garching, which will be the first 
separated orbit cyclotron (SOC), 
an idea that arose in the 1960s with 
the 'Beehive' three-dimensional 
design of Russell from the UK 
Rutherford Lab. The TRITRON orbits 
lie in a plane, and each has its own 
focusing and bending magnets, like 
a coiled up linac. TRITRON will 
also be the first cyclotron with 
superconducting r.f. Trinks also 
gave examples of designs up to 
1000 MeV. 

An ambitious new design described 
by Ziegler of the Hahn Meitner 
Institute is the superconducting 
FFAG ring proposed in Germany to 
accelerate 1.7mA protons from 
500 MeV to 3 GeV for a spallation 
neutron source. This would be the 
highest energy cyclotron, actually a 
ring synchro-cyclotron. Another 
novelty is the S-coil configuration 
proposed for a 200 MeV supercon
ducting proton cyclotron at NAC in 

South Africa, described by Jungwirth. 
Here the magnet coils are wound 
around the return yoke to provide the 
needed field increase with radius. 

A fast-developing area in nuclear 
physics is the production and use 
of radioactive beams, pioneered by 
ISOLDE at CERN. Radioactive 
beams can be produced either by 
having a high-energy, high-power 
beam hit a thick target and then 
accelerating the radioactive species, 
or by having a high-energy heavy ion 
beam fragment in a thin target. 

Cyclotrons, as well as other accel
erators, are used or planned using 
both these methods. Radioactive 
beams are already in use at TRIUMF 
(Canada), Louvain (Belgium), GANIL 
(France), RIKEN (Japan) and MSU 
(US). Future cyclotron-based facili
ties are under construction at Oak 
Ridge, INS Tokyo, Osaka and 
Dubna, and are planned for Catania/ 
Milan, GANIL, Grenoble, Moscow, 
PSI (Switzerland), TRIUMF (ISAC) 
and the North American IsoSpin 
Laboratory collaboration. The chal
lenge is to provide usable beam 
intensities of a wide variety of radio
active species for use in interesting 
nuclear science and astrophysics 
experiments. 

Ceiling moulding in the Hotel Vancouver -
very apt for a cyclotron conference. 
(Photo Tallulah) 

For heavy ion cyclotrons, injection 
with a high charge state ECR source 
can greatly increase performance, 
since energy is proportional to the 
square of charge. ECR develop
ments were reviewed by Lyneis of 
Berkeley, including the unique high 
field 10 GHz source CAPRICE at 
Grenoble, the superconducting 
source at Michigan State, and elec
tron injection with either a biased disk 
as at Grenoble or with an electron 
gun as at Berkeley. 

Cyclotrons are injecting into storage 
rings or synchrotrons at Indiana, INS 
Tokyo and Uppsala. Similar systems 
are under construction at Julich, and 
proposed at TRIUMF, Osaka, Kiev 
and Dubna. In these systems devel
opment is under way in electron and 
stochastic cooling, target systems, 
and upgraded control systems, so 
that the potential physics can be fully 
realized. A review of beam instru
mentation for cooler facilities by 
Ellison described the feedback and 
operator assistance systems needed. 

Reviews of medical and non
medical applications gave cyclotron 
designers an insight into the beam 
requirements in these fields. In his 
review of compact cyclotrons 
Bechtold (Karlsruhe) discussed the 
important application of cyclotron 
principles to compact commercial 
machines, where negative ion accel
eration is becoming more important 
because of its easy extraction of high 
beam currents. 

The talk by Blosser of Michigan 
State on future cyclotrons described 
the challenges of new designs and 
showed how a simple spread sheet 
program on a personal computer 
could do conceptual designs, param
eter studies and preliminary cost 
estimates on proposed cyclotrons. 
The nuclear physics applications of 
cyclotrons and storage rings were 
described by Hardy (Chalk River) 
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and Pollock (Indiana University), 
respectively. 

A tour of the local TRIUMF facility 
was preceded by orientation talks on 
the 520 MeV cyclotron and the 
proposed KAON Factory. Dutto 
mentioned that the cyclotron has 
been improved by the addition of a 
fourth-harmonic cavity at large 
radius, increasing the energy gain 
per turn and thus reducing electro
magnetic stripping losses. It can also 
be used in the flat-top mode to 
improve beam quality and extraction. 

Craddock described the KAON 
accelerators and how the TRIUMF 
beam will be matched to the suc
ceeding rings at 3 and 30 GeV. He 
pointed out how the support for 
KAON has been growing with the 
assistance of Dr. KAON and friendly 
government officials Mr. KAON and 
KAON Kim (see photo). During the 
tour visitors were taken above the 
cyclotron to be shown a quarter and 
a dime suspended from another 
quarter, demonstrating the power of 
the TRIUMF magnet and the collec
tive strength of Canadian currency! 

At the Conference dinner, master of 
ceremonies Mike Craddock extended 
the congratulations of the cyclotron 
community to three American Physi
cal Society prizewinners: Henry 
Blosser and Bob Pollock, for the 
1992 Bonner Prize, awarded for 
design and construction of supercon
ducting cyclotrons and a cyclotron-
injected light-ion cooler respectively; 
and Reg Richardson of UCLA and 
TRIUMF for the 1991 Wilson Prize, 
for demonstrating phase focusing, 
the first synchrocyclotron and the first 
sector-focused cyclotron. 

Craddock pointed out this research 
has revealed two classes of accel
erators, 'proper' and 'improper'. The 
former are of course cyclotrons, with 
the perfect rotational periodic sym
metry of their sector structure. 

Improper synchrotrons have frequent 
deviations from symmetry due to 
straight sections of unequal length. 

The TRIUMF group put together an 
interesting and smooth-running 
conference, with Mike Craddock 
chairing the international and local 
organizing committees and Gerardo 
Dutto the scientific program commit
tee. Details can be found in the 179 
papers in the proceedings, published 
by World Scientific in December. The 
community looks forward to the next 
Conference, in 1995, to be hosted by 
NAC, in Cape Town, South Africa. 

David J. Clark, Lawrence Berkeley 
Laboratory 

Heavy ion fusion 

With controlled thermonuclear fusion 
holding out the possibility of a prolific 
and clean new source of energy, the 
goal remains elusive after many 
years of continual effort. While the 
conventional Tokamak route with 
magnetic confinement continues to 
hit the headlines, other alternatives 
are now becoming competitive. 

One possible solution is to confine 
the thermonuclear fuel pellet by high 
power beams. Current research and 
perspectives for future work in such 
inertial confinement was the subject 
of the 'Prospects for Heavy Ion 
Fusion' European Research Confer
ence held in Aghia Pelaghia, Crete, 
last year. Its main focus was on the 
potential of heavy ion accelerators as 
well as recent advances in target 
physics with high power lasers and 
light ion beams. 

Carlo Rubbia declared that high 
energy accelerators, with their high 

efficiency, are the most promising 
approach to economical fusion 
energy production. However the 
need for cost saving in the driver 
accelerator requires new ideas in 
target design tailored to the particu
larities of heavy ion beams, which 
need to be pushed to the limits of 
high current ançj phase space density 
at the same time. 

Dieter Môhl (CERN), describing 
performance achieved with CERN 
accelerators, showed that individual 
parameters have been close enough 
to what is needed for fusion, but no 
machine has pushed all parameters 
simultaneously to their limits, which is 
the real challenge. 

According to Ingo Hofmann (GSI, 
Darmstadt) the SIS heavy ion syn
chrotron and adjacent ESR cooling 
storage ring have just opened a new 
chapter in heavy ion fusion. These 
machines provide unique possibilities 
for machine studies for reactor 
drivers as well as target work with the 
first dense plasmas to be produced 
by heavy ions. 

Problems of a full (five kilometre) 
reactor driver linac are under control, 
according to Horst Klein from Frank
furt, provided that target designers 
are not going to push the normalized 
emittance further down. 

Parallel to the European efforts with 
radiofrequency linac and storage ring 
technology, the technologically 
innovative induction accelerator 
approach is pursued by Lawrence 
Berkeley Laboratory (presented by 
Tom Fessenden)They are awaiting 
funding of their next $60M ILSE 
project. 

Conversion of beam energy into 
soft X-rays ('indirect drive') seems to 
be the magic key now for target 
physicists. The X-rays are confined in 
a radiation case ('hohlraum') with the 
actual fusion pellet at its centre. Due 
to multiple reflections the X-rays 
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