
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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Aerial view of the accelerators at Brookhav-
en, showing the existing tunnel in which the 
RHIC collider will be built, with the Tandem-
Booster-AGS complex as injector. 

netic flux bundles trapped at pin
ning centres in the superconductor 
may be released by thermal activa
t ion. Surprisingly, the creep rates in 
the HERA magnets depend on who 
made them - the Italian dipoles 
show about twice the effect of the 
German ones. 

To improve knowledge of the 
persistent current effects during 
machine operation, t w o reference 
dipoles (one Italian, one German) 
will be connected in series wi th the 
ring magnets. NMR and Hall probes 
and pickup coils will accurately de
termine dipole and sextupole com
ponents, and this information will 
be used to adjust the current in the 
ring's correction coils. 

A superconducting accelerator is 
obviously more complicated to 
control than a normal machine, 
however the wealth of knowledge 
on persistent current effects and 
the provisions for accurate 
measurements make the HERA 
specialists confident that their ma
chine will perform as planned. 

From Peter Schmueser 

BROOKHAVEN 
Ready for RHIC 

With its RHIC - Relativistic Heavy 
Ion Collider - project now part of 
the budget proposed by US Presi
dent Bush for fiscal year 1991 
(March issue, page 28), Brookhav-
en is about to start construction of 
a unique kind of high energy collid
er. A t a time when accelerators 
handling particles - electrons, pro
tons and their antimatter counter
parts - are boosting beam energies 
for microscopes to probe ever-
shorter distances, RHIC is envi
sioned as a great pressure-cooker 

for strongly interacting matter. 
A relativistic (ultra high energy) 

heavy ion collider has been a key 
element of the long range planning 
for US nuclear physics for many 
years. In its most recent plan, de
veloped last summer, the Depart
ment of Energy/National Science 
Foundation's Nuclear Science Advi 
sory Committee (NSAC) said 'RHIC 
has the highest priority for new 
construction in the nuclear physics 
program. W e urge a swift begin
ning for this important project'. 

President George Bush and the 
DoE responded with a call to au
thorize 397 million dollars of con
struction funds for RHIC, about 
one-quarter being earmarked for 
detectors. If Congress approves, 
construction will start early in 1991 
and RHIC will be ready for experi
ments in 1997. 

RHIC is designed to explore the 
extremely high temperatures and 
densities when ordinary nuclear 
matter is transformed to a plasma 

of quarks and gluons. For this, 
RHIC's heavy ion beams will collide 
at energies orders of magnitude 
beyond those used in ion experi
ments at Brookhaven and at CERN. 

Wi th its t w o rings of supercon
ducting magnets, the RHIC collider 
will be the final link in Brookhav-
en's chain of heavy ion accelera
tors. Ion beams from the Tandem 
van de Graaff are transported 
through a 550-metre transfer line 
and injected into the AGS Alternat
ing Gradient Synchrotron. Currently 
silicon ions (mass 28) are acceler
ated to 14.6 GeV per nucleon in 
the AGS and extracted for f ixed-
target experiments. The AGS 
Booster Synchrotron is currently 
under construction, and when this 
is complete in 1992, ions from the 
Tandem van de Graaff will be pre-
accelerated prior to injection into 
the AGS - allowing much heavier 
ions to be handled. 

The AGS will inject into RHIC, 
which will be able to handle the full 
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