
tains a 'cluster-jet' internal target 
supplying effective thicknesses of 
the order of nanograms per sq cm, 
enough to supply substantial reac
tion rates, but not so large as to 
destroy the carefully prepared 
beam. Fibre targets are also avail
able. In operation, the stored 
beams are used up by target inter
actions during 10-100 seconds, 
the machine then being prepared 
for a subsequent injection. 

Early physics objectives include 
precision studies of pion effects, 
light meson production, and the 
search for rare decays to cast more 
light on the mechanisms underlying 
today's Standard Model of physics. 

Upstream of CELSIUS, the sub
stantially rebuilt Gustav Werner 
machine can operate both as an 
isochronous cyclotron and as a 
synchrocyclotron feeding a range 
of experiments as well as CELSIUS. 
Biomedical research has a long tra
dition at Uppsala and the recon
structed cyclotron provides addi
tional impetus for this work. Wide 
and narrow proton beams are used 
for studies and for actual radiother
apy, 70 MeV protons being stan
dard for eye melanomas. Radiobio
logical research also uses heavy 
ions. 

The Laboratory was formally 
inaugurated on 17-18 May. An 
Inauguration Symposium covered 
the growing range of applications 
of medium energy accelerators -
materials analysis and treatment, 
radioisotope dating, and biomedical 
research and radiotherapy as well 
as nuclear and particle physics. 

During the inauguration ceremo
ny on 18 May CERN Director Gen
eral Carlo Rubbia sketched the his
tory of the CELSIUS hardware in its 
previous g-2 and ICE incarnations 
at CERN, explaining how the muon 
magnetic moment results had dra
matically confirmed the accuracy of 

quantum electrodynamics, underlin
ing the richness and complexity of 
the vacuum. ICE and cooling tech
niques had opened the door to a 
new field of physics, and the preci
sion experiments possible in the 
new generation of cooler rings pro
vides an additional physics frontier 
complementary to the high energy 
regime of the big machines. Finally 
King Carl Gustaf, who had been his 
country's representative at the 
inauguration of CERN's LEP ring in 
November, reflected his country's 
pride in the new Uppsala accelera
tor research centre and formally 
opened the new Laboratory. 

SUPERCOLLIDER 
Magnet update 
The heart of the proposed US Su
perconducting Supercollider (SSC) 
is the set of superconducting mag
nets to hold its beams in orbit. Ap
proximately 8,000 dipoles and 
2,000 quadrupoles are needed, as 
well as many other special mag
nets. In addition the 2 TeV high en
ergy booster would also be a su
perconducting machine, using 
about 1,200 magnets. In all, some 
12,000 superconducting magnets 
would need to be precision built at 
the lowest possible cost. 

SSC magnet research and devel
opment has been underway since 
1985 at Brookhaven, Berkeley and 
Fermilab. The new SSC Laboratory 
in Ellis County, Texas, is beginning 
its in-house R&D effort and prepa
rations are underway to involve in
dustry as soon as possible. 

A series of nine full-length (17 
metre) magnets were built in 1989, 
drawing on the first four years of 
research. The quench performance 
of these magnets was greatly im

proved over that of their predeces
sors. After at most one or two 
training quenches, they plateau at 
the critical current, about 6,800 
amperes at the operating tempera
ture of 4.35 K, corresponding to a 
magnetic field about 5% above the 
design level. 

In tests at Brookhaven in mid-
April, the latest magnet plateaued 
immediately at 6,840 amperes 
without any training quenches. This 
magnet was one of three that had 
first been 'conditioned' - cooled to 
3.5K and powered at higher than 
operating current (6,500 amps). 
The lower temperature gives more 
critical current and so it may be 
possible to train magnets in this 
way without having to quench 
them. If it works, this method 
would make SSC commissioning 
much easier. 

For manufacturers of supercon
ducting wire, the current carrying 
capacity has been defined, at stan
dard conditions of 4.2K and 5 tes-
la, as 2,750 A/sq mm. This is an 
ambitious goal for the supercon
ductor industry and has been the 
focus of a four year R&D pro
gramme. The community is very 
close to achieving it, the conductor 
used in the latest magnets carrying 
essentially this current density. 

Variation around this figure 
should be minimal, and uniform dia
meter (about 6 microns) and spac
ing (1-2 microns) of the supercon
ducting filaments inside the wire 
are also important. Such uniformity 
will simplify correction of the so-
called 'persistent currents' which 
induce potentially troublesome mul-
tipole fields. 

The dipoles have been run at 
temperatures down to 3.5 K to 
test their behaviour under the high
er currents and correspondingly 
higher forces. The increase in criti
cal current and magnetic field at 
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Performance of superconducting dipoles for 
the proposed US Superconducting Supercol
lider (SSC). Starting with DD0019, an at
tempt was made to 'condition' the magnets 
by powering them to 6800 amps at 3.BK, 
hopefully without quenching. If this works, 
then magnet commissioning becomes sim
pler. However DD0026 did not cooperate, 
and 'trained' in the normal way, by quench
ing. 

Initial Quenching of Recent 17m SSC Dipoles 
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lower temperatures agrees with 
measurements of short samples of 
cable, and the magnets are struc
turally sound at currents up to 
7,500 amperes. 

Earlier this year (April, page 12) 
jt was decided to increase the col
lider dipole aperture from 40 to 50 
mm to enlarge the good field re
gion for more reliable operation and 
easier commissioning. 

This design change also opens 
the door to other modifications to 
increase the dipole field operating 
margin to about 10%. Thus the 
amount of superconductor in the 
cable will be increased from 23 to 
30 strands per cable in the inner 
layer and from 30 to 36 in the out
er layer, increasing the cable width 
by about 25%. The copper to su
perconductor ratio will also be in
creased from 1.3 to 1.5 in the in
ner cable. 

The new 50 mm dipole develop
ment programme is following a 
dual path. At Brookhaven six short 
50 mm magnets will be built as 

soon as possible, paced by the ac
quisition of new curing presses and 
tooling for making collar and yoke 
laminations. Winding for the first 
1.8 metre magnet is to begin in 
October. At Fermilab, six short 50 
mm magnets will explore design 
variations prior to assembly of the 
first long 50 mm magnets at Fermi
lab, leading in turn to industrial as
sembly. A task force headed by 
Bob Palmer, with representatives 
from all four labs, is studying the 
50 mm dipole development. 

In parallel with the 50 mm devel
opment, work on the original 40 
mm dipoles is continuing. These 
magnets are well understood and 
serve as a valuable test bed for 
studying basic design questions. 

Berkeley has spearheaded the 
development of SSC quadrupoles. 
The present design uses a 40 mm 
aperture, and after model studies 
the first full length quads are 
scheduled for tests late this year. 
Preliminary studies of a thin collar 
version suggest that the current 

field gradient could be maintained 
with a 50 mm aperture. 

The selection of a principal in
dustrial contractor for the dipole 
magnets is given high priority, and 
it is hoped to have the contractor 
on board soon, using existing Fer
milab facilities until his own can be 
set up. If all gges well, the first in
dustrially assembled full length col
lider dipoles could be put together 
by the contractor at Fermilab start
ing next spring. A series of twelve 
such demo magnets is planned, ten 
to be used in 1992 SSC on-site 
string tests, five in a half cell above 
ground, and five below ground in 
the first section of SSC tunnel. 

In parallel the contractor will be
gin building 15 prototype dipoles in 
his own plant leading eventually to 
full production at a rate of ten mag
nets per day for several years. 
After the principal or leader' firm 
has magnet work well underway, it 
is expected to transfer the technol
ogy and subcontract part of the 
production to a 'follower' firm. A 
separate contractor is to be select
ed for the quadrupoles. 

Another machine design change 
made this year was to decrease 
the half-cell length (quad-to-quad 
spacing) from 114 to 90 metres 
and the dipole length from 17.4 to 
15.8 meters. With these changes, 
the total number of superconduct
ing magnets increases from about 
10,000 to a little over 12,000. 

Three magnet laboratories are 
planned on site. The first, called 
the Magnet Evaluation Laboratory 
(MEL), has been set up in one of 
the leased buildings in Dallas. It will 
be used to gain local expertise 
through hands-on experience and 
for preliminary engineering studies. 
Two magnets from Brookhaven 
and Fermilab will be autopsied and 
used for vibration tests. 

A second facility, the Magnet 
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DATAPOWER 
Uninterruptible Power Supplies 

Environment 
compatible 
UPS-Systems 

To supply computers and 
related equipment with 
absolutely transient free 
and uninterrupted 
electrial power 

With extremely high 
system efficiency 

No harmonics 
reaction to the mains 

Maximum mains 
transients and disturb
ance attenuation 

Admitting 100% 
SMPS-Load 

DP5-20 0,5..2kVA DP100 3..10kVA 
single phase single phase 

DP300 10...120 kVA 
three phase 

GUTOR ELECTRONICS LTD. 
Taegerhardstrasse 90, CH-5430 Wettingen/Switzerland 
Phone + 41 56 26 25 25 Telefax +41 562635 48 Telex 826 325 GUTO CH 

Low audible noise 

[GUTOR 

A /ikon company 
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Laser cooling in action at the Heidelberg 
Test Storage Ring (TSR), Top (a) - initial vel
ocity distribution with a longitudinal beam 
temperature of 260 K. After laser cooling, 
the velocity spread is highly compressed -
below (b) is the fluorescence spectrum of 
stored lithium-7+ ions. After a 2-second 
sweep of the dye laser the temperature 
drops to about 3 K. 

Test Laboratory (MTL), is to be 
built as soon as possible, probably 
near the E1 area where the first 
section of tunnel is to be excavated 
and the string tests conducted. It 
should be available by mid-1992 
and will be used for cold testing all 
magnets built on-site and some 
fraction of those built by industry 
during its production run. Ten test 
btands are planned initially, which 
could be increased to twenty. 

The third, called the Magnet De
velopment Laboratory (MDL), 
would follow, providing in-house 
capability to build magnets of any 
type. 

AARHUS/ 
HEIDELBERG 
Laser cooling in action 

First successful laser cooling of ac
cumulated ion beams has been ac
complished at the new storage 
ings ASTRID at Aarhus in Den

mark and TSR (Test Storage Ring) 
at Heidelberg's Max Planck Insti
tute. 

The researchers hope that by ex
tending the laser cooling power, fi
nal beam temperatures in the ml< 
region might be attained, when the 
beam could show 'solid' or even 
'crystalline' behaviour. 

TSR Heidelberg 

The TSR heavy ion cooler/storage 
ring (September 1988, page 17) 
was built in collaboration with 
groups from GSI Darmstadt, Hei
delberg, Giessen and Marburg. The 
55m ring is able to handle a wide 
range of ions. 

In the latest experiment, a coast
ing lithium-7 beam of 25 mm dia

meter containing about 107~8 ions 
was accumulated at 13.3 MeV and 
stored in the TSR with a lifetime of 
8 sec. During the stripping process 
in the tandem accelerator supplying 
the ions, about 10% of the ions 
were excited to a long-lived me-
tastable state (1s2s 3 Si). The 3 S i 
and 3?2 states, connected by an 
optical electric dipole transition of 
wavelength 548.5 nm, form a 
closed two-level system, well 
suited for laser cooling. 

The ion beam was merged in 
one of the TSR straight sections 
with a copropagating laser beam 
from a single-mode argon ion laser 
(wavelength 514.5 nm) and a 
counterpropagating beam from a 
single-mode dye laser (wavelength 
584.8 nm). The energy of the ion 
beam was tuned so that the Dop-
pler-shifted frequencies of both las
er beams in the rest frame of the 
ions corresponded to the 548.5 
nm transition. 

For laser cooling the frequency 
of the argon ion laser was set in re

sonance with ions at the low ener
gy side of the beam velocity profile 
and kept constant. The frequency 
of the counterpropagating dye laser 
was set at the corresponding high 
energy side and swept towards 
lower energies. Ions coming into 
resonance with the dye laser were 
decelerated by the laser light pres
sure during the absorption/emis
sion process and the combined ac
tion of sweeping the laser frequen
cy and transferring photon momen
ta pushed the ions into a narrow 
velocity band. 

The initial and compressed vel
ocity distributions were measured 
by detecting the fluorescent light 
perpendicuiarto the ion beam. The 
initial distribution was obtained by 
reverse sweeping the dye laser to 
avoid any cooling compression. 
The metastable ions were accumu
lated during the initial stage of the 
scanning process and then emitted 
fluorescent light of approximately 
constant intensity while being 
further decelerated. The narrow 
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