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Extremely high radiation, levels with accumulated doses comparable
to those in nuclear reactorsthan in accderators, and very high heat
loads (~15 kW) make the quadrupole magnets in the fragment
separator one of the most challenging elements of the proposed Rare
Isotope Accelerator (RIA). Removing large heat loads, protecting the
superconducting coils against quenching, the long term survivability
of magnet components, and in particular, insulation that can retain
its functionality in such a harsh environment, are the major
challenges associated with such magnets. A magnet design based on
commercially available high temper ature super conductor (HTS) and
stainless steel tape insulation has been developed. HTS will
efficiently remove these large heat loads and stainless steel can
tolerate these large radiation doses. Construction of a model magnet
has been started with several coils already built and tested. This
paper presents the basic magnet design, results of the coil tests, the
status and the future plans. In addition, preliminary results of
radiation calculationsare also presented.
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The Rare Isotope Accelerator is a proposed major facility in United
States for research in Nuclear Science. It will produce copious
amounts of rare isotopes when a high-energy heavy ion beam hits
the target. The Fragment Separator will then select a particular
isotope and transport it to an experimental area. For optimal
capture efficiency, superconducting magnets are required in at least
thefirst focusing quadrupoletriplet of the separator. These magnets
are one of the most challenging elements in the RIA proposal, as
they are exposed to several orders of magnitude more radiation and
energy deposition than typical beam line and accelerator magnets
receive during their entire lifetime. The first quadrupole itself is
subjected to ~15 kW of energy deposition.
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An OPERA2d mode of the 280 mm
aperture super-ferric quadrupole design
for RIA with fild linesand field intensity
in coil and iron regions.

An OPERA3d mode of the 280 mm aperture

super-ferric quadrupole design for RIA. Color
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An Earlier Design
(5 cm good field radius)
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M agnet Construction

A coil isbeing made by co-winding HTS tape (on
right) and stainless stedl insulating tape (Ieft).

A racetrack HTS coil co-wound with stainlesssted
insulating tape

RIAHTS coil test assembly and test set-up. The coilswere
tested in liquid nitrogen (Smpletest set-up for 77 K test)
andin liquid helium (4.2 K).

Test Results
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Radiation Calculations

The first quadrupole magnet in the RIA Fragment Separator
(FS) is subject to considerable radiation from the production
target. The beam will lose 20-50% of 400 kW (maximum
beam power) in the production target located directly in front
of the first quadrupole, resulting in copious amounts of
penetrating radiation directed at this magnet. There is a
tungsten shield between the target and the coils. The model
calculations show that the tungsten shield is subjected to a
heat load of 28 mW/cm? (total load 3.3 kW), iron 25.3
mW/cm? (total load 9 kW), and HTS coils 5.1 mW/cm? (total
load 135 W). This clearly shows the benefits of a warm iron
design. One major concern is the neutron flux. More data is
needed to determine the acceptable dose of high-energy
neutrons on HTScoils.

Conclusions

HTS magnets with stainless steel tape insulation offer an
efficient solution to the challenges posed by the extremely
large radiation and heat loads in RIA. However, this
technology has never been used in particle accelerators
and hence needs to be demonstrated with a few years of
significant R&D effort. If successful, it offers a unique
technology for radiation resistant superconducting
magnets that can tolerate high heat load loads.
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