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The Nuclear Science Advisory Committee (NSAC), an official DOE/NSF advisory
body, has identified an Isotope-Separator-On-Line (ISOL) Radioactive Ion Beam
(RIB) Facility in its 1996 Long Range Plan for U.S. Nuclear Science as the next
major facility to be constructed under the auspices of DOE's Nuclear Physics
Program Office. The Long Range Plan states: "The scientific opportunities made
available by world-class radioactive beams are extremely compelling and merit
very high priority. The U.S. is well-positioned for a leadership role in this
important area.  . . . We strongly recommend development of a cost-effective
plan for a next generation ISOL-type facility and its construction when current
major construction activities are substantially complete."

With the expertise derived from the construction and operation of the Holifield
Radioactive Ion Beam Facility (HRIBF), which can be considered a prototype for
the Next-generation ISOL (NISOL) Facility, ORNL is in a leading position to
compete for this $250 million project. Likewise, the scientific program of such a
facility is in line with the traditional interests of the scientific staff of the Physics
Division and of the users of the HRIBF. The planned construction of the
Spallation Neutron Source (SNS) at ORNL provides beams of high-energy
protons, which are ideal for producing high yields of radionuclides in a variety of
proton-induced nuclear reactions.  Therefore, a unique opportunity exists for
ORNL to become the site for the NISOL RIB Facility.

The general layout of the Next-generation ISOL (NISOL) Facility, which could be
constructed at the Spallation Neutron Source (SNS) Site, is shown in Figure 1.
About 100 µA, i.e., 10% of the SNS's initial designed beam intensity, would be
added to the SNS H-  beam. This added intensity would be extracted downstream
from the end of the SNS linac, stripped to H+, i.e., protons, and provided to the
NISOL facility. The proton beam will enter the NISOL facility on the lower level
where all the target stations and the other high radiation areas will be located.
Two sets of two closely spaced target stations are planned. Options for operating
the two stations on a specific beam line by allowing the proton beam to
simultaneously transverse both targets or by time sharing the beam between
these two targets are being investigated. An additional target area also is
reserved for future developments.

Ion sources would be located directly above the targets and the ionized beams
would be focused upward through a series of separated vacuum envelopes to a
low-resolution (∆m/m ~1/500) preseparator which would bend the beam into the
horizontal plane. This low-resolution separator would remove the radioactive ions
with masses other than that of the isotope of interest thereby reducing the activity
deposited in the remaining separators and beam-handling devices. All of the
services to the target and ion source and the associated vacuum enclosures
(electrical, cooling water, control, He, etc.) would be provided through the vertical
tube. The vacuum to be provided by cryopanels should be sufficient for ion
source operation (~10-6 Torr). Three separated  vacuum  envelopes
incorporatedinto the vertical tube and preseparator are designed to maximize the
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localization of the radioactivity in the lower portions of  this  assembly. The whole
target ion source assembly together with the three stage vacuum envelopes (and
perhaps the low-resolution separator magnet) would be removed as a unit for
service. This assembly would be removed vertically by a crane which would
insert it into shielded hot cells for servicing the target and ion source assemblies.
Target and ion source assembly, servicing, testing, and storage areas would be
located near the RIB production target areas.

Ion sources under consideration for the NISOL facility include electron cyclotron
resonance (ECR), electron beam plasma (EBP) (i.e., modifications of the sources
used for the  ISOLDE  and  the  HRIBF), and  laser  sources. An  ion source for
providing test beams of stable ions also is planned.

The isotope selection would be accomplished using a three-stage isobar
separation system with a resolution of ∆m/m ~1/20,000. The low-resolution
vertical-to-horizontal bending preseparator (described above) is the first stage of
this system. The second and third stages are an improved version of the present
HRIBF isobaric analysis system with a single-magnet second stage (∆m/m
~1/2500) and a double-bend third stage (∆m/m ~1/20,000). To provide maximum
flexibility for a wide variety of masses and charge states all these magnets will be
maintained at high voltage as will the RFQ’s. Space will be left between the last
stage of the isobaric analyzer and the RFQ for the installation of beam cooling.

The heavy ion acceleration would be accomplished using a two-stage RFQ and a
four-stage superconducting heavy-ion linac, capable of accelerating single
charged ions of A≈140 to 10-15 MeV/A. The heavy ions would be stripped to an
equilibrium charge state after the first two stages of the heavy-ion linac. The RFQ
will probably be of the split coaxial type (SCRFQ) now operating at the
KEK/Tanashi Facility in Tokyo. To achieve the very low charge-to-mass ratios
(≈1/140) the SCRFQ would operate at about 12 MHz.

A large, versatile experimental area (23,600 sq. ft.), allowing a very large range
of beam energies (from ≈100 keV to 10-15 MeV/A) to be directed to a variety of
experimental apparatus is planned. A workshop considering the experimental
equipment for such an ISOL facility was held at Lawrence Berkeley National
Laboratory in August 1998. ORNL would provide substantial experimental
apparatus [e.g., the recoil mass separator (RMS) and the Daresbury recoil
separator (DRS) from the HRIBF] to help instrument this new facility.

To take advantage of the "green" field approach available at the SNS site the
area at the high-energy end of the heavy-ion linac is reserved for future upgrades
as are areas adjacent to the experimental hall. Likewise additional space is
provided for an upgraded RIB target station, since targets and ion sources are
considered to be the area that future technical break through is most likely to
occur. Space also is available for adding a second driver accelerator of an
unspecified type, if that should become desirable at a future time.
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