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tional bunches pass by the others. 
Although the whole point of LEP is to 
collide beams, any unproductive 
collisions away from the experiments 
are to be strenuously avoided: the 
beams can only stand so much 
beam-beam interaction. 

Without additional investment in the 
detectors and because of features of 
the initial (room-temperature) 
radiofrequency system, the pretzel 
scheme was limited to eight bunches 
per beam, evenly spaced around the 
ring. The long-range horizontal 
pretzel separation bumps in the arcs 
were replaced by short vertical 
bumps on both sides of each experi
ment. These create a few locations 
where bunches can pass each other 
with the relative impunity of the 
residual beam-beam force between 
well-separated beams. 

The scheme at Cornell's CESR 
collider exploits a crossing angle to 
substitute a train for each bunch 
allowed by the pretzels. The LEP 
scheme, on the other hand, does 
away with the pretzel separation and 
has no crossing angle at the interac
tion point. In all these schemes, the 
beams are separated by electrostatic 
separators. 

In the LEP pretzel scheme, complex 
residual effects in the arcs of the 
machine limited the single-bunch 
current. However the currents at 20 
GeV injection were much more than 
could be collided at the Z resonance. 
The main motivation for the change 
to bunch trains was the expectation 
that the limits at injection would be 
less severe, allowing higher single-
bunch currents for LEP2. 

At the higher LEP2 energies, the 
beams become stiffer and beam-
beam effects will be weaker. The 
total beam current will instead be 
limited by the radiofrequency power 
required to compensate the energy 

lost by synchrotron radiation. Maxi
mum luminosity will be attained by 
packing the current into as small a 
number of bunches as possible. 
Although four fat bunches would be 
ideal, eight is likely to be the practica
ble optimum. 

Following an encouraging test at 
the end of 1994, LEP was started up 
in April with the full bunch train 
configuration. Initial operation was 
hampered by mishaps related to 
hardware and electricity supply and it 
took time before the operations 
crews and accelerator physicists had 
any opportunity to confront the 
complexities of the actual bunch train 
scheme. For the rest of this year, it 
has been decided to run with four 
trains of three bunches, and to do a 
precision energy scan around the Z. 

With LEP's role as a precision 
machine, there has been a rush of 
theoretical activity which is helping to 
understand some newly discovered 
consequences of residual beam-
beam effects and the separation 
bumps. The combination of the two 
unleashes a cause-and-effect cas
cade of subtle differential effects 
between bunches in a train. Colli
sions involving different bunches in 
the trains can have different distribu
tions of centre-of-mass energies. 
Substantial progress has already 
been made to compensate for these 
effects. 

TRIUMF 
Five-year plan 

The Canadian government re
cently announced approval of a 

five-year-plan for TRIUMF, giving the 
Vancouver Laboratory assured 
funding until the year 2000. Besides 
continuation of the multidisciplinary 

science programme at the 500 MeV 
cyclotron, this will allow construction 
of ISAC-1, a new on-line isotope 
separator. At the same time, 
TRIUMF will also be responsible for 
Canadian "in-kind" contributions to 
international science at CERN's LHC 
proton-proton collider (see page 1). 
The federal plan strengthens 
TRIUMF's role as a national facility, 
run by a consortium of universities 
across Canada. In addition, TRIUMF 
will have even stronger international 
links. 

The federal government has allo
cated a total of $166.6 million to 
TRIUMF over the next five years. In 
addition, the provincial British Colum
bia government, a long-time sup
porter of TRIUMF, has already 
agreed to provide approximately $10 
million for conventional construction. 

The nature of the accelerator 
contributions to the LHC has not 
been finally decided, although two 
areas are under discussion - the 
upgrade of the accelerator chain, and 
construction of the two 'beam clean
ing' insertions. The former would 
involve provision of various new 
systems (radiofrequency, magnets, 
power supplies, kickers, etc) for the 
Booster, PS and SPS synchrotrons; 
indeed activity is already underway in 
some areas, such as model studies 
for a new 40 MHz system for the PS. 

The acronym of the new facility, 
ISAC-1, is short for Isotope Separa
tor & Accelerator. A prototype first 
stage already exists in TRIUMF. 
ISAC-1 will use the intense proton 
beam from the TRIUMF cyclotron to 
create powerful beams of exotic, 
short-lived, radioactive nuclei which 
will be accelerated in a new struc
ture. 

The facility will be of interest to an 
international community of 
astrophysicists, who will be able to 
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Full-scale model of a new 40 MHz 
radiofrequency cavity for the CERN PS, built 
and now being used at TRIUMF to study 
higher-order modes and damper designs. 

Photo P. Harmer, TRIUMF 

simulate the formation of elements in 
stars and in the early universe; and 
to physicists studying nuclear struc
ture and the behaviour of unusual 
atomic nuclei. There will also be 
programmes of condensed matter 
research and biomedical physics. 

TRIUMF's principal function as a 
meson factory is to provide intense 
beams of protons, pions, muons and 
neutrons for particle and nuclear 
physics research, starting from the 
200 microamp negative hydrogen ion 
beam in the cyclotron. Continued 
support will allow full exploitation of 
new instruments, such as the SASP-
MRS dual-arm spectrometer and the 
CHAOS large-solid-angle pion 
spectrometer. Intense polarized 
proton beams also support experi
ments on spin-dependent effects and 
parity-violation. 

Traditionally, muon beams at 
TRIUMF are used as a unique probe 
of the properties of matter. This 
muon spin rotation programme 
covers the study of new materials 

with commercial potential, such as 
high-temperature superconductors 
and semiconductors. The pro
gramme, which involves Canadian 
scientists in close collaboration with 
physicists from Europe, Japan and 
the USA, will continue vigorously 
within the new plan. 

The TRIUMF life science pro
gramme will bring innovations to 
various medical fields. For instance 
Canada's first proton therapy centre, 
which uses a focused beam of 
protons to treat tumours of the eye, is 
ready for operation. Positron emis
sion tomography (PET) and the 
development of new isotopes for 
nuclear medicine form an important 
part of this programme. 

TRIUMF will also be able to main
tain its existing strong programme in 
technology transfer, which currently 
includes work on a novel type of 
detector for explosives or contraband 
hidden in airport luggage. The 
continued on-site commercial pro
duction of isotopes for medical use is 

also assured, as is a collaborative 
effort with a local company on the 
production of small medical cyclo
trons for the international market 
(January, page 11). 

Because the approved funding is 
15% less than that requested, the 
ISAC-1 and CERN programmes will 
have to proceed more slowly than 
originally planned, and there will be 
some reduction in staff. Neverthe
less, the new funding represents a 
slight increase over that received in 
recent years, and is a major success 
in the context of across-the-board 
cuts for other sectors of Canadian 
science and technology. 

BaBar - a new detector 
to study CP violation in 
the B system 

To explain why the Universe is 
dominated by matter and has so 

little antimatter needs a mechanism 
which distinguishes matter from 
antimatter. This is accomplished, 
together with a few other conditions, 
by introducing the non-conservation 
of CP symmetry in the theory de
scribing the interactions between the 
particles at the early stage of the 
universe. 

CP violation - the subtle disregard 
of physics for a combined particle/ 
antiparticle and mirror reflection 
symmetry - was first observed in 
kaon decays 30 years ago by J.H. 
Christenson, J.W. Cronin, V.L. Fitch 
and R. Turlay but has defied a 
unique and fundamental explanation 
ever since. 

However at the turn of the century 
we should begin to understand its 
origin as the next generation of kaon 
decay experiments at CERN and 
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