
electrons, the result (expressed as 
the square of the sine of an angle) 
being 0 .232, compounded wi th 
small errors. Wi th the precision Z 
mass value, this provides interest
ing consistency constraints on to
day's six-quark picture, where the 
sixth ('top') quark still awaits dis
covery. Now the pundits say that it 
is likely to remain that way for a 
while (see page 19). 

Meanwhile CHARM-II continues 
to accumulate data to complement 
the high energy electroweak results 
coming from the new generation of 
electron-positron physics experi
ments. 

SUPERCOLLIDER 
Design changes 

A major task faced by the new US 
Superconducting Supercollider 
(SSC) Laboratory as it began life 
early last year was to prepare a ba
seline design, cost and schedule 
for the site in Ellis County, Texas. 

The conceptual design devel
oped by the SSC Central Design 
Group at Berkeley in 1986 was for 
a generic site, and served as the 
basis of the cost estimate submit
ted to Congress for fiscal year 
1990. Under the terms of the con
tract between Universities Re
search Association (URA - the 
SSC parent organization) and the 
US Department of Energy to estab
lish the SSC Laboratory, signed in 
January 1989, a report on the Site-
Specific Conceptual Design Report 
was complete by December. 

One major change foresees by
passes in the 87-kilometre collider 
ring at the east and west intersec
tion regions so that detector con
struction and modification would 
not hinder machine operation, and 

obviating the need for special as
sembly halls. 

A second class of design 
changes arises from the need to 
control beam loss during the 40-
minute injection period when beam 
pulses f rom the injector complex 
are loaded into the twin collider 
rings. 

These losses are due to small 
but inevitable deviations of the 
bending and focusing magnetic 
fields in the collider from their ideal 
values. To compensate for these 
deviations modern synchrotrons 
use correction magnets, but the re
quirements for these magnets will 
be more demanding for the SSC 
than for any previous machine. For 
example the on-axis bending field 
must keep the circulating protons 
within one millimetre of the. axis 
over the entire 87 kilometre orbit. 
Small non-uniformities in the bend
ing field (one part in 10,000 one 
centimetre from the axis) could 
cause some off-axis protons to be 
lost. During injection when the 
beam is largest, off-axis protons 
would pass through the slightly 
non-uniform bending fields several 
million t imes. 

The SSC design therefore in
volves tradeoffs between the cost 
and/or difficulty of constructing 
magnets wi th very uniform field 
distributions (high field quality) and 
of building and operating elaborate 
correction and compensation mag
net systems coupled with high ac
curacy beam diagnostics. 

The choices will have substantial 
impact on the time required for 
commissioning the machine. A ma
chine wi th higher quality magnetic 
fields might cost more to build but, 
wi th fewer demands on the correc
tion systems, would be easier to 
commission. On the other hand a 
machine wi th a more finely tuned 
compensation system, wi th 'learn

ing curves' being encountered 
simultaneously on many complex 
components and systems, would 
probably take longer to commis
sion, involving higher initial operat
ing costs and delaying the research 
programme. A valid cost compari
son has to take all these factors 
into account. # 

Operational experience with the 
superconducting Tevatron at Fermi-
lab has revealed time-dependent 
multipole error fields due to so-
called 'persistent currents' in the 
superconducting wire filaments. 
Since these effects become less 
important at higher fields, a higher 
energy SSC injector would help. 

Simulation of proton behaviour in 
the full SSC injection period has be
come possible wi th modern super
computers. These studies predict a 
progressive loss of particles wi th 
t ime, suggesting more conservative 
criteria for the allowed field errors 
and a larger dipole magnet aper
ture. 

After consultation with the SSC 
Machine Advisory Committee, an 
Ad Hoc Committee on SSC Phy
sics, the Scientific Policy Commit
tee, the Executive Committee of 
the Users Organization for the SSC 
and the URA Board Of Overseers, 
the SSC Laboratory has recom
mended to the Department of Ener
gy that the maximum collider ener
gy be maintained at 20 TeV, the in
jector energy be increased from 1 
to 2 TeV, the inner diameter of the 
collider dipole magnet coil be in
creased f rom 4 to 5 cm, and the 
collider focusing strength be in
creased by decreasing the half-cell 
length from 1 14 to 90 metres. 

The cost implications for the 
SSC have been carefully assessed. 
In addition to preparing a 'bot toms-
up' cost estimate of the recom
mended design, the Laboratory de
veloped several other options, in-
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Magnet work 
begins at 
SSC Lab 

The first superconducting di-
pole for the US Supercon
ducting Supercollider (SSC) 
arrived at the Texas Laborato
ry from Brookhaven on 16 
February. Tests found turn-
to-turn shorts and the magnet 
will be completely disassem
bled and 'autopsied' in a 
workshop area now being 
prepared in the nearby Stone-
ridge Business Park. This 
marks the start of hands-on 
SSC magnet work on-site. 

A complete magnet arrived 
from Fermilab in March and 
will be used in vibration tests. 
Another magnet from Brook-
haven will be used in vibration 
analysis and then disassem
bled. The new workshop will 
be used for preliminary engi
neering studies such as elec
trical interconnections. Exten
sive magnet work will begin 
on site next year when the 
Magnet Test Facility is com
plete. 

A 17-metre dipole for the US Superconduct
ing Supercollider (SSC) arrives at the Texas 
site from Brookhaven (New York), marking 
the start of on-site magnet work. Because 
of design changes, production magnets will 
be 16 metres. About 8,000 will be needed 
for the 87-kilometre SSC ring. 

eluding one in which the cost was 
pinned'to the $5.9 billion previous
ly submitted to Congress. To build 
an SSC at that budget, the ring 
would have to be made smaller, 
wi th the maximum proton energy 
educed to about 15 TeV. 

Following a preliminary dis
cussion of the options with SSC 
Laboratory Director Roy Schwit-
ters, Energy Secretary Watkins re
quested a peer review of the 
science issues that might be in
volved in changing the performance 
goals of the SSC, and a formal DoE 
review of the SSC cost estimates. 

A High Energy Physics Advisory 
Panel (HEPAP) SSC physics group 
chaired by Sidney Drell met at the 
Laboratory in January to consider 
the physics impact of possible 
changes in machine parameters, 
especially the maximum energy. 
The conclusion was that 'the SSC 
Laboratory, in its current proposal, 
has chosen wisely among the alter
natives and that the project should 
move forward expeditiously.... 
Lowering the beam energy to be
low 15 TeV would unacceptably in

crease the risk of missing import
ant new physics. We feel strongly 
about the need for a flexible and re
liable facility at 20 TeV for decades 
to come, and therefore, we believe 
it would be very unwise to rede
sign the machine with a reduced 
circumference'. This recommenda
tion was unanimously endorsed by 
HEPAP on January 12 and trans
mitted to the DoE. 

The DoE cost review concluded 
that the estimates provided were 
'reasonable'. The DoE is currently 
considering the Laboratory's re
commended design, cost and 
schedule and is expected to an
nounce its position shortly. In the 
meantime, the Secretary of Energy 
has indicated the Department's and 
the Administrat ion's continued 
strong support of the project. 

Meanwhile the team of Parsons, 
Brinckerhoff, Quade and Douglas 
Inc. of New York, NY, and Morri
son Knudsen Corp. of Boise, Idaho, 
in association wi th CRSS Inc. of 
Houston, Texas, has been selected 
for negotiation to become the ar
chitect, engineer and construction 
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8051 Project From simple minimum chip solutions 
through to complex turnkey 
multiprocessor systems, Cavendish 
Automation has the hardware and tools to 
allow you or us to design rapid and 
professional implementations. 

Off - the-she l f ha rdware includes numerous 
D A C s , A D C s , bus-dr ivers and decoders, 
and m a n y other fo rms of ana logue and 
digi tal I/O cards, together with power 
supp l ies , backp lanes , card cages and 
e q u i p m e n t cases . 

Software development couldn't be easier. Our 7034 
card's text editor enables software development for the 
805112 in either assembler or MCS-52 BASIC. 
Programs are simply blown into EPROM or EEPROM 
on the card itself. When writing in assembler, both 
source and/or assembled code may be saved in this 
way. 

For further information contact: 

Cavendish Automation 

V 
Cavendish Automation Limited 
Oak Park, Barford Road, 
St. Neots, Huntingdon, Cambs PE19 2SJ. 
Telephone: 0480-219457 
FAX: 0480-215300 TELEX: 32681 CAVCOMG 

T R A N S I T I O N JUNCTIONS hM 
FOR CRYOGENIC, VACUUM, NUCLEAR AND SPACE APPLICATIONS 

* COMMISSARIAT A L'ENERGIE A T O M I Q U E 

R D O C U M E N T A T I O N 

i E PARTE ME N T JONCTIONS TC 
JET, CONSULTING ENGINEER 
EVELT . 69517 VAULX-EN-VELIN 
: (7) 849.S4.64 • TELEX 180 544 F 

STABILISED 
D A \ A / C D O l I D D I 
I V V L . I 1 

For linear and circular particle accelerators 
with resistive or cryogenic magnets. 

For heavy and light ion sources. 

For triode, tetrode, klystron and H. F. 
power amplifier tubes. 

Installations : 
Europe, USA, Japan 
100 W to 600 KW 
to1.10" 5 

JEMA S.A. 
rue Doct . De M e e r s m a n , 37 
B1070 BRUXELLES 
Tel . ( 02 )520 45 76 
Fax ( 0 2 ) 5 2 2 1 9 78 
Telex : 2 2 6 7 4 

T H E Y H A V E T H E 
SAME M E C H A N I C A L 
C H A R A C T E R I S T I C S 
A S T H E A L U M I N U M 
T U B E A N D C A N A L S O 
BE FABRICATED 
T O A N Y M A T E R I A L 
SPECIF ICATIONS 
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manager for the SSC. This task 
covers responsibility for the design 
and construction of the tunnels, un
derground halls and the campus for 
the Laboratory, but not for the ac
celerator's technical components. 
The total cost of the conventional 
facilities is estimated at about $1 
billion. 

The next step is submission of a 
ost proposal and negotiation of a 

formal contract wi th URA. The ne
gotiations are expected to be com
pleted this spring and a contract 
awarded in early summer. Parsons 
Brinckerhoff et al were one of four
teen competing teams in the selec
tion process that began in October 
1988. 

DESY 
Handling persistent 
eddy currents 
The vanishing electrical resistance 
of superconducting coils as well as 
their ability to provide magnetic 
felds far beyond those of saturated 
iron is the main motivation behind 
the push to use superconducting 
technology in big new proton ac
celerators. 

But this advantage can turn into 
a drawback at low excitations 
when the eddy currents - induced 
in any electromagnet when the field 
is changed - do not decay, but 
continue to f low. Preparations for 
the proton ring of the HERA elec
tron-proton collider nearing com
pletion at the German DESY Labo
ratory in Hamburg have borne this 
in mind. 

Bipolar eddy currents generate 
higher-order multipole fields which 
may become intolerable. A wel l-
known example is the sextupole 
component measured in all super-

Figure 1 - The superconducting magnets in 
the HERA electron-proton collider at DESY 
will have to contend with eddy currents. The 
resulting sextupole coefficient at 25 mm ra
dius in the dipoles (compared with the di-
pole field itself) is shown for increasing and 
decreasing magnet current. The black points 
are the average values from 200 dipoles, 
compared with theoretical predictions. The 
effects are well understood. 

conducting dipoles, but in the 
HERA proton ring whose injection 
energy is only five per cent of the 
820 GeV design energy even high
er order multipoles come in - a 10-
pole in the dipole magnets and a 
12-pole in the quadrupoles. Sextu
pole, 10-pole and 12-pole correc
tion coils are used in HERA to com
pensate the resulting field distor
t ions. 

Compensation requires a precise 
knowledge of the persistent current 
effects. Thus all dipoles and qua
drupoles are subjected to extensive 
magnetic measurements, especially 
near the injection field, and multi-
pole components are determined 
to a precision of 2 x 10~5 relative 
to the main field. 

Figure 1 shows the average sex
tupole coefficient f rom measure
ments of 200 dipoles. A pron
ounced offset (hysteresis) is seen 
between increasing and decreasing 
currents, as the persistent currents 
rotate differently in the t w o cases. 
The curves are the predictions of a 
computer model, showing excellent 
agreement, wi th no adjustable pa
rameter, the only input being the 

Figure 2 - Time dependence of the sextu
pole field in a HERA dipole, taken on the 
lower branch of the hysteresis cycle (see 
Figure 1) at 250A, corresponding to proton 
injection at 40 GeV. 

way the critical current density of 
the superconductor changes with 
magnetic field and with tempera
ture. 

The persistent currents also 
have a significant effect on the 
magnets' main field. Their contribu
tion to the dipole field shows simi
lar hysteresis and is again well des
cribed by the model. A t the injec
tion energy the dipole field is re
duced by 0 .5%, corrected by di
poles to ensure a proper injection 
match. 

The first indication that persist
ent current fields change with time 
came during careful observations 
of beam behaviour during the hour-
long injection of antiprotons into 
Fermilab's superconducting Teva-
tron. The HERA magnets' field dis
tort ions vary logarithmically wi th 
time - during the 30-minute proton 
injection process the sextupole 
component changes by about 2 x 
10" 4 compared to the dipole field, 
and the current in the sextupole 
correction coils has to be adjusted 
to compensate this drift. 

The explanation is superconduct
ing 'flux creep' - some of the mag-
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