
page 11). This project aims to 
develop the hardware and 
techniques necessary to produce and 
monitor very small beam spots. A 
specific goal is to focus a high 
intensity 50 GeV electron beam 
bunch to a spot 60 nanometres by 
one micron. 

A prototype will be constructed this 
year for installation into the focus 
point of the SLAC FFTB beamline 
next Spring. A similar monitor is 
also needed for the Accelerator Test 
Facility under preparation at KEK for 
the Japanese Linear Collider project. 

BROOKHAVEN 
Getting a boost 

Some recent scenarios for the future 
of US high energy physics have 
glossed over the ongoing high 
energy physics role of Brookhaven's 
Alternating Gradient Synchrotron 
(AGS), seeing it being relegated 
essentially to a service function as 
the injector for the RHIC heavy ion 
collider (June, page 3). However this 
view is not shared by Brookhaven, 
now enjoying the benefits of a 
Booster to inject into the AGS. 

The first joint AGS/RHIC Users 
meeting at Brookhaven on June 5-6, 
with over 100 users in attendance, 
was an ideal opportunity to rally the 
troops. After a brief introduction by 
Brookhaven Director Nick Samios, 
Associate Director for High Energy 
and Nuclear Physics Mel Schwartz 
gave his view of the future. He 
discounted the Witherell report's 
proposed phasing out of high energy 
physics at the AGS in 1997. Instead, 
exciting new results from the present 

On 23 June, Brookhaven signed a $42.7 
million contract with Grumman Aerospace 
Corporation's Electronic Systems Division for 
the supply of 373 superconducting dipole 
magnets to guide the beams in the twin 3.8 
kilometre rings of the RHIC heavy ion collider. 

round of experiments and new 
proposals with clear discovery 
potential would show the 
considerable physics potential of the 
boosted AGS. Schwartz expects the 
next few years will be an exciting 
time as the benefits of the Booster 
become apparent. 

Bill Weng and Phil Pile discussed 
the present AGS operation and 
programme. After dramatic initial 
success with the gold heavy ion run, 
proton operation with the new 
Booster has had some teething 
problems, especially when transfers 
are concurrent with the experimental 
programme. However the results 
should be worth it. New low- and 
medium-energy separated beams, 
using third-order optical corrections, 
will deliver kaons with exceptional 
intensity and purity, promising some 
good physics in a field long regarded 
as ripe for exploitation. 

Meanwhile on 23 June, Brookhaven 
signed a $42.7 million contract with 
Grumman Aerospace Corporation's 

Electronic Systems Division for the 
supply of 373 superconducting dipole 
magnets to guide the beams in 
RHIC's twin 3.8 kilometre rings. 

The Grumman magnets will use 
niobium-titanium superconductor 
supplied by Oxford Superconducting 
Technology. The magnet contract 
requires all manufacturing to be 
complete by December 1995. RHIC 
would then be complete in 1997, 
Brookhaven's 50th anniversary year. 

PSI 
Upgrading 

The accelerator complex at the Paul 
Scherrer Institute in Villigen near 
Zurich (PSI - formed in 1988 by 
combining the Federal Institute for 
Reactor Research and the Swiss 
Institute for Nuclear Research) is in 
the throes of a major and lengthy 
upgrade. 
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The Injector 2 cyclotron at the Paul Scherrer 
Institute (PSI) in Villigen near Zurich. 870 keV 
protons from the Cockcroft-Walton 
preaccelerator enter the cyclotron from the top, 
then are guided by four large sector magnets 
and accelerated to 72 MeV by two aluminium 
resonators. The beamline on the right takes the 
extracted protons towards the 590 MeV Main 
Ring accelerator. 

The complex consists of several 
distinct machines: the 590 MeV Main 
Ring, fed with 72 MeV protons either 
by Injector 2 (a special high-current 
ring cyclotron), fed in turn by the 870 
keV Cockcroft-Walton preaccelerator, 
or by Injector 1, a Philips cyclotron 
supplying beams of different particles 

at various energies. 
Most of the time, the complex is 

used as a 'meson factory': several 
hundred microamperes of 590 MeV 
protons are sent to two consecutive 
production targets, supplying intense 
beams of pions and muons. In 
special runs, up to 10 microamperes 

of polarized protons are accelerated 
to 590 MeV for the production of 
polarized neutron beams. 

The 590 MeV Main Ring consists of 
eight separate magnets and four 50 
MHz acceleration cavities; an 
additional cavity running at 150 MHz 
flattens the Jop of the accelerating 
voltage. This reduces the energy 
spread of the internal beam and 
results in well-separated turns and 
very low extraction losses. 

Injector 2 is a ring cyclotron similar 
to the Main Ring, with four sector 
magnets, two 50 MHz acceleration 
cavities, and two 150 MHz flat-top 
cavities. Its Cockcroft-Walton 
preaccelerator delivers up to 8 mA 
(DC) of 870 keV protons bunched to 
provide up to 40 mA. Due to the high 
radiofrequency voltage, acceleration 
to 72 MeV requires only about 100 
turns, resulting in a turn separation of 
18 millimetres at extraction, and 
correspondingly low losses; space 
charge effects are also reduced. In 
1991 injector 2 reached its design 
goal of 1.5 mA (110 kW) extracted 
beam; extraction losses were 1.3 
microamperes. 

Following the decision, taken as 
long ago as the late 70s, to exploit 
the high current potential, several 
steps have been realized or initiated: 
construction of injector 2 (1978-85); 
reconstruction of the first target in 
1985; reconstruction of the second 
target and the beam dump in 1990-
91 ; upgrade of the 590 MeV ring r.f. 

One of the PSI pion production target areas, 
with local shielding removed. The target itself 
is at the bottom of the high vacuum box behind 
the technician on the left, who is standing on 
the first half-quadrupole magnet of a high-
intensity pion channel. In the foreground are 
three half-quadrupoles and a dipole magnet of 
a high-intensity muon channel. 

C E R N Cour i e r , S e p t e m b e r 1 9 9 2 25 



KAPTON® 
Insulation for super-conductors 

at cryogenic temperatures 
Main Superconducting Coil 

The remarkable properties of 
Du Pont KAPTON Polyimide Film 
make it the ideal insulation mate
rial at cryogenic temperatures. 
Excellent performance character
istics at extremes of temperature 
and unique physical and dielectric 
properties have made KAPTON the 
material of choice in engineering 
design for over 25 years. 

KAPTON 
Solving engineering problems at every level. 

New KAPTON CI System is being 
specifically developed for super

conducting insulation in cryogenic 
applications. KAPTON offers resis
tance to radiation, creep, cold flow 
and cut-through. It is available for 

testing in both customised film 
thickness and adhesive coatings. 

To find out more about KAPTON, 
•please call or write. 

* Du Pont's registered trademark 

Du Pont Electronics, KAPTON High Performance Films, 2, chemin du Pavilion, CH-1218 Le Grand Saconnex, Geneva. - Tel. (022) 717 5533 - Fax. (022) 717 6152 

95 Circle advertisement number on reader service form 

Neutralize AC harmonics and DC ripple 
Inject cancelling waveforms under closed-loop control 

Distribution Current Isolation To DC ripple 

Solve AC harmonic problems (as shown here), and DC ripple (similar circuit), the modern 
way! Up to 20 high-efficiency filtered PWM power amplifiers may be paralleled for higher 
current. Wide range of amplifiers available. Model 265 delivers ±320V @ ±150A (±312A 
peak); specifications include 5mA/°C DC stability, DC - 4 kHz bandwidth, and 0.2% THD. 

Copley Controls Corporation c - ~ w ^ g . 
410 University Avenue, Westwood, M A 02090, USA. f a x : (6i7) 329-4055 
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The CRY RING ion ring at the Manne Seigbahn 
Institute in Stockholm. On the left is the 
electron cooling device which came into action 
in May. 

system (which will be complete in 
1994); construction of the SINQ 
neutron source (to be completed in 
1995; see November 1989, page 6). 

The dismantling of the old target 
station 2 and the beam dump after 
two decades of operation was a very 
challenging task. Some 500 tons of 
activated material had to be 
removed. While 300 tons of this 
material could be reused, the 
remainder was enclosed in concrete 
and reinstalled as shielding. While 
12,000 tons of slightly activated 
concrete and iron shielding were re
arranged, no body contamination 
was monitored. The highest dose to 
any person was 30 mSv. 

Up to the end of 1989, the 
accelerator complex was operated at 
currents up to 250 microamperes at 
590 MeV. Towards the end of 1991, 
590 MeV beam currents of up to 0.5 
mA, representing a world record for 
cyclotron beam power, were routinely 
delivered to the two targets. Losses 
in the Main Ring were of the order of 
0.5 microamperes, mainly in the 
extraction region, still an order of 
magnitude below the limit set by the 
requirements of safe operation and 
maintenance. The 590 MeV beam 
current is scheduled to increase to 
about 1.5 mA by the mid 90s. 

Experiments using the Main Ring 
have mainly concentrated on particle 
properties and decays, hadron-
hadron and hadron-nucleus 
reactions, pionic and muonic atoms, 
all of which are still active areas of 
study. Partly because of the higher 
beam intensity, increased emphasis 
is now being placed on other 
applications: solid state physics using 
muon spin rotation; defect physics 
and materials testing using 72 MeV 
protons from Injector 1 or 590 MeV 
proton beams from the Main Ring; 
radioisotope production for positron 
emission tomography experiments in-

house and for radiopharmaceutical 
products; cancer therapy with pions 
and protons. 

In the near future, protons degraded 
to 200 MeV will be used for the 
irradiation of large cancers, and 72 
MeV protons will be used to produce 
neutrons for Boron Neutron Capture 
Therapy. A new low energy beamline 
at 1 mA proton current will provide 
over 10 1 0 positive pions per second at 
120 MeV/c, or over 10 8 surface 
positive muons per second at 28 
MeV/c. 

STOCKHOLM 
CRYRING 

The CRYRING accelerator facility for 
atomic, molecular and nuclear 
physics at the Manne Siegbahn 
Institute of Physics in Stockholm is 
now in full operation, including an 
electron cooling device for precision 
beam control. 

Main CRYRING components are an 
electron-beam ion source (EBIS) for 
the production of very highly charged 

ions, an radiofrequency quadrupole 
(RFQ) linear accelerator and a 
synchrotron to accelerate, store and 
cool heavy ions with energies up to 
24 MeV per nucleon (charge-to-
mass-ratio 0.5). 

The EBIS source has been in 
operation for several years, 
delivering low-energy beams to 
atomic physics experiments. It has 
produced ions such as argon and 
xenon in charge states up to argon 
18+ and xenon 48+. A small 
plasmatron ion source delivers light 
ions for accelerator tests. The RFQ 
accelerates the ions to 300 keV per 
nucleon for injection into the ring. 
Since this energy is so low, the 
injection is made completely 
electrostatically. The acceleration 
system - a drift tube connected to a 
relatively simple high-bandwidth 
power amplifier - is unconventional in 
being non-resonant. 

A first beam of hydrogen 2 + ions 
circulated around the ring in 
December 1990, and full energy was 
reached with deuterons in October 
1991. The ring's electron cooler 
came into operation this May, 
enabling beam lifetimes to be 
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