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TWO SUPERCONDUCTING STORAGE RINGS - ISABELLE*

BHL 24934

At Brookhaven National Laboratory on Long Island
the Department of Energy has under construction a high-
energy, proton-proton colliding bean research facility
called ISABELLE. Located in the northwest corner of the
existing Brookhaven site (Fig. 1), two rings of magnets
are contained within a common tunnel more than two nllea
in circumference. These two rings of magnets carry
beams in opposite rotations, crisscrossing at six posi-
tions around the periphery. At these locations, head-
on collisions occur between the proton beams, leading
to center-of-mass energies up to 800 GeV. This paper
summarizes the general features of the design and the
status of the project at the present time. It brings
up to date the results reported at the National Parti-
cle Accelerator Conference in March 1977. The most
significant change since that time has been an upgrading
of the energy of the overall facility, and acceptance
of the project by the Department of Energy.
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Sanford
Management Plans have been prepared in cooperation with
the Department of Energy. It is our expectation that
with this work out of the way it will make It possible
for ground to be broken for the project in October of
this year. 9-572-78
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Fig. 1. Siting of ISABELLE

The major project highlights over the past two
years are outlined in Fig. 2. Technical developments
led to a reconfiguration of the machine for six inter-
section regions where full-scale high-energy physics
experiments will be located. The money saved by this
step, coupled with additional support, made it possible
to raise the energy of the overall machine, compared to
the 1976 design. Now it is proposed that each beam
have an energy between 30 GeV and 400 GeV, therefore
providing center-of-mass energies from 60 to 800 GeV.
A proposal was prepared in 1977 reflecting the higher
energy machine which was favorably received by the high-
energy physics community and received the first priority
recommendation at the Woods Hole Panel meeting of June
1977. This was followed shortly thereafter by the first
Congressional action on the project — bringing $5 mil-
lion in fiscal year 1978. The President recommended in
January 1978 full authorization and requested $23 mil-
lion for the fiscal year 1979. Congress is currently •
considering these recommendations. Encouraged by the
support of the Department of Energy and Congress, the
project has been organized into five divisions with
over 130 people assigned to the work at the present time;
In parallel with this, the appropriate supporting docu-
ments such as the Environmental Impact Statement and
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Fig. 2. Project highlights in the last two years.

Figure 3 shows the arrangement of the ISABELLE ring
with respect to the AGS. The ACS, an existing 30 GeV
proton accelerator, is routinely used for high-energy
physics research. It provides more than 10*3 protons
per pulse every two seconds for use In the North and East
Experimental Areas. It's fortunate that the AGS exists
to be used as an injector for the machine. It is a re-
liable accelerator with a capable staff familiar with its
ldiosyncracies. For ISABELLE, it is proposed that a
branch of the beam from the North Area be developed and
the protons bent either to the right for the counter-
clockwise rotation of beam, or to the left for the clock-
wise rotation of beam. The six intersection regions and
experimental areas are indicated by the clock face desig-
nations, 2, 4, 6, 8, 10, and 12. Each of these areas is
being developed with somewhat different characteristics
in order to emphasize various experimental possibilities.

Fig. 3. ISABELLE layout with AGS in foreground.

The one that is currently under detailed design is the 6
o'clock area containing the so-called Wide-angle Hall.
Because this region is near the injection and ejection
segment of the aain ring, it's appropriate to use this
intersection region for the study of reaction phenomena
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at very large transverse momentum to the colliding beaaa.
At 4 o'clock an undeveloped experimental area will be
built, one that can be completed when the first research
results indicate the most profitable areas of emphasis.
Between these halls is a service building containing the
central refrigerator, power supplies for energizing the
superconducting magnets, and power supplies for the rf
system. In an attached building spanning the ring will
be the control room and offices for tha project. During
the final construction and Initial operation of the ma-
chine, this will be a very active region. There will
be another undeveloped experimental area at 12 o'clock,
and three more completely constructed. This bringr the
total to six.

The najor features of ISABELLE that are Important
to take note of in an overall survey talk like this are
Indicated in Fig. 4. The beam Is ejected from the AGS
at 30 GeV, and several hundred pulses are used to fl'.l
up each of the two ISABELLB rings. This high Intensity
leads to a luminosity of 1032 to 1033/cm2/sec, depend-
ing upon tha mode of tuning. There sre approximately
500 superconducting magnets In each ring. It's required
that the dipolea operate at 50 k6 in magnetic field In-
tensity to produce a beam corresponding to 400 GeV. In
order to operate these magnets at the peak performance,
a single large cryogenic system providing 20,000 watts
of coolant at 3.6 K, is located In the Service Building
area. Elements of that cryogenic system are currently
under design and will represent one of the largest such
system* ever constructed. Each ring must have a central
beam pipe with an exceptionally low vacuum. This is to
reduce the loss of circulating beam and provide long
beam lifetimes. Vacua lower than 10-11 Torr have been
achieved In the laboratory, and .we expect to have a
large scale system la operation early next year repeat-
Ing that performance. 9-571-78
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Fig. 4. Major features of ISABELLB.

A cross section Indicating magnets from the two
rings within the tunnel Is shown Is Fig. 5. Here we see
the superconducting magnets with the beam pipes 1.27 m
above the floor. They are located side by side on a
eoiaon stand, with the cryogenic supply and return gas
headers In the ceiling. Each dipole vessel is 5 m long
and about 60 cm In diameter. The magnetic field is
created by NbTi superconducting wire woven Into a braid.
The braid Is formed Into two coils surrounding the

correction windings and beam pipe In a cosine theta dis-
tribution. The long colls are Inserted Into the iron
that comprises the magnet circuit. The iron provides a
restraining medium for the colls during operation. The
Iron la in turn supported within tha vacuum dewar with
appropriate layers of superconducting Insulation sur-
rounding the magnet. Full size units of these magnets
have been assembled and tested. Figure 6 shows such an
array, called the Half-Cell. Here two dipoles and a
quadrupole were connected in series, both cryogenlcally
and electrically, and pulsed repeatedly to over 40 kG*
In the distance the cryogenic heat exchanger can be vis-
ualized. This Is where the stream of helium gas is
chilled by a bath of subcooled liquid helium. The mag-
nets are In turn cooled by the subcooled supercritical
helium gas. By this time more than 15 full-sized ISA-
BELLE magnets will have been constructed. A snapshot of
the present magnet situation can be visualized in Fig. 7.
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Fig. 5. Sketch of magnets In the tunnel.
\J 5-1413-77

Fig. 6. Photograph of Half-Cell.
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Early units operated exceedingly well and produced
field* of nearly SO kG under sonawhat advene conditions.
Attempts to speed up the production process for aagnets
led to a setback An peak field performance. It appeared
that too many short cuts ware taken In the coll asscably
and support of the superconducting braid. Because of
this, lower fields were realized for several Months.
That tendency has been reversed, and recent data col-
lected on magnet tK-IX haa recovered the field capabil-
ities that were earlier realized. All of these aagnets
exceeded the design value of 40 kG that was set for this
series of magnets. The first of the magnets prepared
for SO kG performance is unit XIV, which is now being
tested. Even here not all of the design changas have
been incorporated in the magnets that will be used in
the full cell, but we ere closer to the final configu-
ration. At present, orders have been placed with
Wcstlnghouse for the fabrication of 8 aagnets in the
Full-Cell using material provided by Alrco, MCA, and
IGC. These coapanies are providing braid made from 12
mil niobium-titanium wire. Each wire contains 500 fil-,
amants in a copper matrix. Approximately 100 such wires
ore woven Into a braid which is 650 mil wide and 30 mil
thick. This braid, produced In lengths of over one-
hitlf nlle are used for the production of a full half
coil. Two such coils are used In each magnet. Return-
ing to the magnetic field results, unit IX had a uni-
form magnetic field with acceptable characteristics.
These data will be reported on during the present con-
ference. It was also gratifying to find that the mag-
net performance, as measured by the transfer function,
was very close to the calculated value (12.46 G/A).
Such agreement seems to be no small miracle in this
business. Another aspect was the reproducibility of
the magnetic field. In quench after quench, it was
possible to return to the same field to about one part
In 105, considerably better than needed in routine op-
eration of the machine. Currently, thorough magnetic
field measurements are underway on units VI, IX, and
XIV, and detailed results are reported elsewhere In
this conference. Another gratifying feature of the
present work was the greatly Improved cryogenic per-
formance deixonstrated In MK-VI. This magnet cooled
down quite rapidly, and heat input the low temperature
coil aod iron was about 4 watts at 4 K. This corres-
ponds exactly with what had been calculated and Is
well within the design capabilities of the refrigera-
tor. The secondary load, that is to say, the heat
intercepted at the shield operating at SO K is also
within the design tolerance.

There are a number of other development activities
underway In association with ISABEXLE. Some of these
are outlined in Fig. 8. The main objective of the cry-
ogenics program has been to get the reduction of the
heat losses as mentioned earlier-. This has made it
possible for the magnets that have been developed so
far to be operated on the existing small capacity re-
frigerators. There are two additional refrigerator
projects underway. One is a unit built by CTI that is
on loan to the Laboratory. This refrigerator has re-
cently been tested and provides 250 liters/h of liquid
helium. It will be used to produce liquid for the
production and testing of ISABELLE magnets and Is
called the FAT refrigerator. Another unit has been de-
signed by Cryogenic Consultants, Inc. and the Brook-
haven staff to be used for the forced flow cooling of
magnets, such as the string of magnets for the Full-
cell. This refrigerator uses screw compressors in the
multiple stages. The final expansion steps.to produce'
liquid uses gas bearing turboexpanders manufactured
by L'Air Liquide In Europe. The refrigerators will
provide 120 watts aa well as Z.2 g/sec. Emphasis will
be placed on studying the reliability of operation of
both of these large refrigeration units.
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Fig. 8. ISABEIXE development program.
Although not listed on this slide, a considerable

amount of effort has gone Into the developing of plans
for the production of the ISABELLE aagnets. The ob-
jective is to have the subcomponents manufactured in
industry and assembled at Brookhaven. In this way it
is expected that the necessary quality control can be
exercised during the assembly and testing of the units.
Other ISABELLE activities concern the development of
sophisticated detectors to be used in the experimental
apparatus. This will lead In time to the specification
and design of large detector arrays. These arrays will
undoubtedly be used in conjunction with superconducting
magnets for momentum resolution of charged particles
produced from the high energy collisions. It's expected
that st future meetings one will be able to talk about
the design of the complicated aagnets to be used In
the experimental regions.

Returning to the design of the accelerator itself,
Fig. 9 illustrates the way that the dipoles and quadra-
poles are arrayed in a segment of the main ring. Each
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-. - . Fig. 9. Sextant layout.

sextant contains nine cells of magnets where a cell con-
tains six bending magnets and two quadrupoles. As the
array approaches an intersection region, the cell struc-
ture gets modified in such a way as to bring the beams
into collision at the center of the experimental hall.



To accomplish this a Matching section la provided where-
tha qusdrupoles ara adjuatad to provlda accurate baaa
ptopartlaa at tha coUlalon point. This drawing also
helps to Uluatrata tha approximate slse c" an experi-
santal hall. Shorn hara la one that sight: be uaad for
a vary large datactor. It la roughly 60 aetera long,
and 16 aatera wide by 16 meters high. Within thia apace
the experimental apparatus will be constructed to b*
uaad for the study of tha particle collisions. An
artist's concept of this experimental hall is shown in
Fig. 10. Here the beaaa are shown entering froa the
left tad going Into the center of a large detector.
Tha detector la housed within tha earth and concrete
shielded bunker. During routine operation, none of the
experiaenters ara located within tha building, but are
In a utility building outaide the shielded experimental
hall. The entire region le serviced by a 40-ton trav-
eling crane which will allow tha datactor to be taken
apart la a nodular manner. Thla illustrates one of the
four such experimental halls around tha ring. Two
others, as mentioned earlier, will be Incomplete and
temporarily shielded using existing concrete blocks.

2-964-78

Fig. 10. Architect's tendering of experimental area.

The project staff prepared the current proposal
late last year. Subsequent to that and following the
presentation of the President's budget for fiscal 1979,
we were informed that a seven-year construction period
is foreseen for the project, rather than a five aa
proposed by Brookhaven. Thla required a reeatlmation
of the overall cost of the project, including appro-
priate allowances for escalation and contingency.
Figure 11 shows the results of this April cost analy-
sis. In sCorage rings the largest part of the cost is
associated with the accelerator components. About half
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Fig. 11. Cost summary.

of tha coat of 7SABEIXE Is In those elements, of which
tha superconducting magneto and refrigeration system
dominate the expenditures. The conventional construc-
tion is lasa formidable because it is localized at the
six experimental regions and does not require future

growth such as is associated with * fixed target accelera-
tor. Tha coat of the project Is about $191 million with
additional allowances for contingency and escalation,
bringing tha bottom line nuabar to $275 million over the
seven-year time span. Kay elements In that time span
are Indicated on the time line (Fig. 12) developed for
ISABELtE. Assuming that project authorisation comas in
a faw weeks, that la to say near tha beginning of fiscal
year 1979, wa will expect to have tha aagnat factory
operational about a year later. The conventional con-
struction will move ahead, ao that a place exists to
begin Installing magnets shortly thereafter. Tha con-
ventional construction will ba complete in fiscal year
1983, juat about the time when wa reach tha mid point
at magnet production. Beam Installation will keep on
going, concluding In fiscal year 1985, after which wa
will start beam injection and collision of the circu-
lating beams. We are eagerly looking for waya to speed-
ing up thia schedule, and if the available money can be
augmented In fiscal ysar 1980 and 1981, we would expect
to shorten the construction period correspondingly.

TIP4EUNE FOR ISABEU.E 9-569-78

- AE WORK AUTHORIZED

"•— START OETAILED DESIGN

- PROJECT AUTHORIZED

- START PROCUREMENT
- FULL CELL TESTED

- MAGNET FACTORY OPERATIONAL
- BENEFICIAL OCCUPANCY FIRST SEGMENT

START INSTALLATION OF MAGNETS

- TUNNEL CONSTRUCTION COMPLETE

- MIDPOINT MAGNET FABRICATION

- CONVENTIONAL FACILITIES COMPLETE

- START SEXTANT TEST
- START BEAM TRANSFER TEST

- ONE RING COLD (OPTIONAL)

- INSTALLATION COMPLETE
- RINGS COLD ST4RT SEAM INJECTION
• CIRCULATING AND ACCELERATED BEAM
- COLUOING BEAMS
• PROJECT C0MPl£TE0

Fig. 12. Timeline for ISABEXLE.
In conclusion I would like to summarize some of the

history of the project and what we are now doing in de-
tail. As seen in Fig. 13, there have a series of work-
shops studying the aspects of the accelerator and ex-
perimental use in some detail. Several proposals have
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Fig. 13, Current status and future plans.



bean prepared, the laat on* a fewisonths »go. Th* Oa-
pcrtacnt of Energy haa provided construction planning
and design funds for this work, and Congress authorized
$5 Billion ill fiscal year 1978. He are expecting $23
aillloa in fiscal year 1979, the firat year that sees
authorisation for us to proceed with th* project. We
are hiring assy people for th* project, many of whoa are
now involved in ths detailed design, later la the pro-
duction and installation of components. Our colleagues
in the AGS are preparing that machine as an injector
and helping to determine how the two Injection linea
aust be built for bringing the bean to ISABStXE. Mean-
while the prototype magnate are being perfected and
plans made for thn production. Contracts are now being
let with industry for coil fabrication, vacuum vassals,
lnetrtsuntation, etc., and we expect to have the pipe
line filled up in th* next six aontha. An exciting
event will take place for us next aontu when we expect
to break ground for th* start of construction of the
machine. From then on we'll work very actively to
achieve the high energy objeetivea for the accelerator
shown en Fig. 14. Here we hope to take the jump of
more than a factor of 10 In available center-of-aaea
energy over the only existing proton storage ring, the
ISE. at CEBM. All of us on the ataff of ISABBUE are
looking forward to doing physics research with this
new faculty in the mid 1980'a.
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Fig. 1A. Energy step.


