
chine.. .. One of the problems with
using antiprotons is their extreme rar-
ity. As we go to much higher energies,
there's a real question as to whether
the technology for making enough anti-
matter to fill such a big machine will
suffice to produce the reaction rates we
need. So it's not obvious that Dr.
Lederman's idea solves the problem at
a single stroke. I wish it could."

If the exchanges at the House hear-
ing left questions about the future of
SSC, the discussion at the 6 November
meeting of DOE's Energy Research
Advisory Board was even more unset-
tling. During a 90-minute debate on
the wording of statements about SSC in
a report, DOE Long-term Civilian Re-
search and Development, William
Carey, executive director of the Ameri-
can Association for the Advancement

of Science and a former budget official
in the Kennedy and Johnson Adminis-
trations, argued forcefully against its
support. Though SSC is "a magnificent
concept in high-energy physics," said
Carey, "the department was not creat-
ed to advance high-energy research at
the expense of mission-related R&D
programs. It would be unwise [for
DOE] to fund SSC while competing
research is on short rations.... You all
seem to be saying this machine should
be treated as a funding irregularity,
that new money needs to be found so
that other research can go forward
unthreatened. It cannot be put in a
special category. It cannot be put
against the social security budget or
the defense budget or the welfare
budget. It will have to come out of the
science budget."

In the end, ERAB, whose 21
members represent a wide range of
interests in energy research and pro-
duction, agreed to say that "increased
funding of SSC must not preempt
other DOE civilian R&D priorities, as
there are important, less expensive
projects to fund in the near term." To
get even that statement required some
strong support of the supercollider by
two ERAB members, Norman Ramsey
of Harvard and Mildred Dresselhaus of
MIT. Before they made their case,
ERAB had wanted to say there were
"more important" projects for DOE to
support and that SSC "poses a particu-
larly significant issue regarding the
provision of adequately balanced sup-
port for basic research across the sci-
ences."

—IRWIN GOODWIN

Selectiou paiel opts for stronger SSC mgnets. shorter ring
From among five proposed magnet
designs for the Superconducting Super
Collider, the SSC Magnet Selection
Advisory Panel has chosen its prefer-
ence. On 9 September, the panel,
headed by Frank Sciulli (Columbia),
submitted the report of its delibera-
tions and final, unanimous recommen-
dation to Maury Tigner, director of the
SSC Central Design Group at Berkeley.
"This formal selection process is unu-
sual," Sciulli told the House Subcom-
mittee on Energy Development and
Application at a hearing on 29 October,
"reflecting the importance attached by
the US high-energy-physics community
to securing the best and most cost-
effective possible technology for the
SSC design."

Before a particular superconducting
magnet design was chosen, one could
discuss the overall design of the SSC
proton-proton storage-ring collider
only in rather general terms. Because
the proposed bending-field strengths
ranged from about 3 to 6 tesla, the
circumference of the proposed ring for
20-TeV colliding protons ranged corre-
spondingly, from 120 to 60 miles. Sixty
extra miles involves, of course, a prodi-
gious additional civil-engineering cost.
But it was thought the extra cost of the
larger ring might well be more than
offset by the lower cost of the simpler
low-field magnets.

Having now concluded that such a
tradeoff would not be cost effective,
Sciulli and his fellow panel members
have opted for the high-field, smaller-
ring alternative. From among the five
magnet designs originally submitted
for their consideration, the panel chose
a high-field, "cosine 6, one-in-one, cold-
iron" type developed by a Brookhaven-
Fermilab-Berkeley collaboration. A
test model of this "style-D" design at
Brookhaven was successfully run up to

6.6 tesla last spring, and the panel
concluded that "it has been shown that
the style-D magnets can operate with a
reasonable safety margin at 6.4 T with
presently producible superconducting
materials."

Cosine 0 magnets are so designated
because the superconducting coils run-
ning axially along the outside of the
magnet's beam pipe are arranged such
that the current density varies approxi-
mately as the cosine of the azimuthal
angle. The coils are concentrated near
the horizontal plane, with current den-
sity tapering off to zero at the top and
bottom of the pipe. If the current
density running along the walls of a
horizontal cylinder has precisely a cos0
distribution, the resulting magnetic
field inside the cylinder will be perfect-
ly vertical and uniform: the ideal field
configuration for a bending magnet.

The field configuration of a supercon-
ducting cos# magnet is determined
primarily by its coil geometry. The
iron in the structure serves mostly a
mechanical function. The style-D mag-
net's principal competitor during the
panel's four-day meeting in Berkeley at
the end of August, the style-C design,
works on a quite different concept: It is
a low-field, "superferric, two-in-one"
magnet. The style-C magnet, proposed
by a group at the Texas Accelerator
Center, is something of a hybrid
between conventional and supercon-
ducting magnets. Like ordinary elec-
tromagnets, its field configuration is
largely determined by its iron yoke.
The idea is that this mass of ferromag-
netic material will give an additional
boost to the field intensity produced by
the superconducting coils, permitting
the construction of a relatively simple
and inexpensive 3-T superconducting
magnet. Conventional room-tempera-
ture electromagnets are limited to

about 2 T by the saturation of the
iron.

The Texas design, requiring a stor-
age-ring circumference of about 120
miles to bend 20-TeV protons in a full
circle, is very much in the spirit of the
original "Desertron" proposed by Leon
Lederman and Robert Wilson—inex-
pensive low-field magnets arrayed on
lots of inexpensive real estate. It is
easy to imagine that Texas, with more
room than most, would find this alter-
native attractive. By the end of the
August meeting, at which the various
magnet proponents put their cases
before the panel, styles C and D had
emerged as the only surviving con-
tenders.

Mechanical tolerances are a crucial
issue for ensuring adequate magnetic-
field uniformity. The superconducting
coils of a 6-T cos0 magnet, despite being
subjected to enormous magnetic forces,
must not be allowed a displacement of
more than about 25 microns, lest the
field configuration become unaccepta-
bly distorted. The D design is in fact
mechanically configured to hold the
coils adequately in place even if the
magnet is run at 7 T. Such demanding
mechanical rigidity and manufactur-
ing precision are of course costly.

When the Texas group began work
on the superferric design, it was hoped
that the weaker magnetic stresses of 3-
T operation would permit significantly
looser tolerances and corresponding
savings. As the superferric design
evolved, however, it turned out that its
mechanical tolerances were not much
looser than those of the cosfl design.

The anticipated simplicity of the
superferric design is also undermined
by the problem of variability in the iron
yoke from one magnet to the next. At a
given current the field of a superferric
magnet depends crucially on the per-
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meability of the iron, which can vary
from one batch to the next. One can
take measures against this variability.
But they are all costly complications of
a design whose principal virtue is
supposed to be its simplicity.

"The Texas group has performed a
considerable service in evolving and
testing a specific superferric design,"
Sciulli told us. "The superferric idea
was an attractive alternative, and one
couldn't judge the relative costs until
the details had been worked out." But
in the end, the panel determined that
the savings involved in the C design
would not compensate for the added
civil-engineering costs. The overall
cost of an SSC based on the superferric
magnets is estimated to be about $83
million more than that of the cos#
design.

"The promise of two years ago, that
the superferric design would provide a
simple, cheaper SSC, has not come
true. [Its] complexity has increased
with time," Sciulli told the House
subcommittee. To counteract field
nonuniformities introduced by the sat-
uration of the iron, the Texas magnet
requires three separately programma-
ble coils of differing geometry. The 3-T
maximum field of this design is due
essentially to the limited capacity of
something as simple as a three-coil
configuration to cope with iron satura-
tion, not to the intrinsic limits of the
superconducting cable itself.

The field-strength limitation in the cos0
magnet design, by contrast, is the
critical current the superconducting
cable can tolerate before going normal.
Both the C and D designs contemplated
by the panel employ a niobium-titan-
ium alloy as the superconducting mate-
rial. Five years ago, when mass pro-
duction of niobium-titanium cos0 mag-
nets began for the Tevatron at
Fermilab—the first of the supercon-
ducting particle accelerators—this li-
mited the Tevatron magnets to 4.5 T
(see page 23).

The critical current density depends
crucially on the processing of the tiny
individual Nb-Ti filaments, imbedded
in a copper matrix, that make up the
superconducting cable. By repeated
extrusion and drawing of Nb-Ti rods in
a copper billet, the superconducting
filaments in the Tevatron cable were
drawn to diameters of 10 microns, with
a critical current density of 1.8 kA/
mm2. Since then, thanks largely to the
efforts of David Larbalestier and his
colleagues at the University of Wiscon-
sin's Applied Superconductivity Cen-
ter, in collaboration with groups at the
Lawrence Berkeley Lab, Intermagne-
tics General, Superon and Teledyne
Wah Chang, much progress has been
made in the art of Nls-Ti-cable produc-
tion. With metallurgical advances and
improved fabrication techniques, the
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critical current density has now been
improved by a factor of almost two,
making it possible to run the proposed
cos# magnets confidently beyond 6 T.
"It's been rather painless to transfer
our lab-scale advances to industrial
scale," Larbalestier told us.

At the low end of the magnetic-field
cycle, recent advances in making still
finer filaments (2-5 microns wide) yield
an additional blessing. The protons
that are to be accelerated to 20 TeV
enter the SSC ring at the much lower
injection energy of 1 TeV. Thus, the
superconducting bending magnets
must run at V20 of their maximum
transport current during the first stage
of the acceleration cycle. It turns out
that when the current in a supercon-
ducting cable is drastically reduced,
one is plagued by persistent magnetiza-
tion currents running along the edges
of the filaments and degrading the
magnetic-field configuration. The
thinner one can make the filaments,
the weaker the persistent currents will
be. Whether one ultimately chooses to
deal with these persistent currents by
employing compensating coils or ul-
trathin-filament windings will depend
on the cost of 2-5-micron cable pro-
duced in quantity.

The considerable experience the high-
energy community has had with cos#
magnets weighed heavily in their fa-
vor. The superferric concept is much
more of an unknown quantity, the
panel concluded. The 800 cosd bending
magnets of the four-mile-long Tevatron
ring are very similar to the D design
proposed for the SSC, and they have
been operating successfully for two
years now. "The recent R&D on the
cos<9 magnets has been addressing engi-

neering and cost issues rather than
fundamental superconductor prob-
lems," stresses panel member Alvin
Tollestrup (Fermilab). "It's not at all
like ten years ago when we were first
developing the Tevatron and Isabelle
magnets. The old problems are now
very well understood."

The "one-in-one" D design has sepa-
rate cryogenic systems for each of the
two countercirculating proton rings.
Unlike an antiproton-proton collider, a
pp machine requires two magnet rings
of opposite bending polarity. The diam-
eter of the beam pipes that will thread
the 17-meter-long bending magnets is 4
cm. Although the beam itself is only a
few millimeters across at injection, one
wants at least a 2-cm width of very
uniform field at the center of the pipe.
"You can't guarantee that the beam
will always go right down the middle,"
Tollestrup told us. "Remember, this
ring will be 60 miles around."

Recently Fermilab Director Leon Le-
derman broached the suggestion that
one might save money by running the
SSC as an antiproton-proton collider,
requiring only a single ring of magnets.
This would of course significantly re-
duce the machine's design luminosity
below its target of 1033 events per cm2

per second. The community would thus
have to consider a tradeoff between
cost and lowered event rate. Lederman
believes that the reduction in luminosi-
ty may be no worse than a factor of ten.
Reduced luminosity is not altogether
without redeeming virtues: At 1033

sec~'cm^2 the detectors will have to
sift through a fearsome avalanche of
almost a hundred million high-multi-
plicity events per second.

—BERTRAM SCHWARZSCHILD D

PHYSICS TODAY / DECEMBER 1985 59


