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Abstract. The U.S. Nuclear Science Community in its 1996 Long Range Plan identified 
an advanced radioactive ion beam (RIB) facility based on the ISOL technique as the next major 
facility to be constructed for U.S. nuclear physics. The proposed Spallation Neutron Source 
(SNS) for Oak Ridge National Laboratory, whose construction design funds have recently been 
appropriated, offers a unique opportunity for the construction of this new facility. Plans for 
extracting a proton beam from the SNS, transporting it to the RIB facility, and constructing 
the new RIB facility at the SNS site are discussed, as are the ISOL targets, radiation handling, 
isobaric separation, acceleration of beams of radioactive ions, and the layout of the 
experimental areas. 

BACKGROUND 
The Nuclear Science Advisory Committee (NSAC), an official DOEYNSF 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." 

The on-line isotope-separator technology (l), developed at CERN and at other 
facilities, has progressed to the extent that it is feasible to produce and accelerate beams 
of short-lived isotopes with sufficient intensity to address a large variety of new nuclear 
structure, nuclear astrophysics, and materials science problems (2-6). Several first- 
generation ISOL facilities, e.g., the Holifield Radioactive Ion Beam Facility (7) 
(HRIBF) at ORNL, are being constructed or are in operation in North America, 
Europe, and Japan, based on existing accelerators and reactors. 
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A Workshop on the Science for an Advanced ISOL Facility, organized jointly b-y 
ORNL and ANL, was held at Ohio State University in Columbus, Ohio, July 30 -- 
August 1, 1997. The scientific case developed at this workshop was summdrized in a 
White Paper (6), which was submitted to the Nuclear Physics Program Office at DO13 
in November 1997. This White Paper has been used as the basis of a "Mission Need" 
document which has been prepared by the Nuclear Physics Program Office at DOE. 
Current DOE plans calls for starting the construction of this Next-generation ISOI, 
Facility (NISOL) after the peak of the Spallation Neutron Source (SNS) construction 
budget which is projected to be reached in FY 2002. 

The proposed NISOL Facility must provide the large variety of very intense 
radioactive ion beams necessary to take full advantage of the scientific opportunities 
afforded by this new interdisciplinary research tool. Indeed, in 1990 a North American 
Steering Committee for Radioactive Ion Beam Physics was established. After 
canvassing the nuclear physics and nuclear astrophysics communities, this committee 
proposed (2) an advanced ISOL facility in 199 I, in which the radioactive atoms were 
produced using 1-GeV protons. Due to the cost of constructing a I-GeV proton 
accelerator (estimated to be in excess of $400 million for the SNS more recent 
considerations (8) of the NISOL Facility have been based on 200-250 MeV accelerated 
protons and deuterons. However, the recent funding of the SNS (9) with its beam of 1- 
GeV protons provides the unique opportunity to utilize the advantages of higher-energy 
protons for producing radioactive ions. The higher-proton energy spreads the energy 
loss through a thicker target. Thus, for.the same power dissipated in a given target, the 
1-GeV proton beam will produce a smaller density of energy deposited per unit volume 
than a less energetic proton or heavier-ion beam. The higher-energy proton beam will 
also provide a greatly increased production yield of both neutron-rich fission products 
and predominately proton-rich spallation products. Siting the MSOL Facility at the 
SNS will provide a "green field" for the remainder of the facility in which the RIB 
accelerator and experimental equipment can be optimized with the money saved by 
using proton beams from the SNS linac to produce the radionuclides. Likewise, other 
cost efficiencies, e.g., in facility operation and ESH, are being investigated. 
Construction at the SNS site will also minimize the impact on the HRIBF operation 
during the construction. During this period the HRIBF will be the only ISOL facility in 
the US., and its technical and scientific program will be crucial in defining the early 
program for the NISOL Facility. 

SCIENTIFIC MOTIVATION 
A description of the multidisciplinary scientific topics that a NISOL Facility can 

address is documented jn a number of reports (2-8). The most recent such document, 
the OSU Symposium White Paper (6) provided to the U.S. DOE in November 1997, i s  
being used to justify the construction of a NISOL Facility. Such a facility will afford 
research opportunities to a variety of scientific disciplines as diverse as nuclear structure 
physics, astrophysics, standard model tests, materials science, tribology, and biological 
and medical sciences. Siting the NISOL Facility together with the SNS would provide 
radioactive ions for materials science and biological studies at the same location as the 
premier neutron scattering facility. 
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FIGURE 1. Preliminary schematic diagram of the planned NISOL Facility at the SNS site at 
ORNL. Enlarged diagrams of the target, ion source, and radiation areas and the accelerator and 
experimental areas of this planned facility are shown in Figures 4 and 9, respectively. 



The MSOL facility proposed for the SNS site at ORNL will be capable of 
providing a broad range of intense proton- and neutron-rich beams of radioactive ions 
to a large scientific user community. The new facility will produce intense' beams of 
many neutron- and proton-rich isotopes whose halffives are greater than about one 
second and that are sufficiently volatile to diffuse out of a heated target. Both protcln- 
and neutron-rich RIBS will be accelerated from tens of keV, for materials- and 
biological-science studies, nuclear mass measurements, and radioactive target 
preparation, to energies near and above the Coulomb banier for nuclear structui:e, 
nuclear reaction, and nuclear astrophysics studies. 

THE NISOL FACILITY AT THE SNS 
The general layout of the NISOL Facility which could be constructed at the SNS Site 

is shown in Figure 1 and an artistic conception of what this facility might look like is 
shown in Figure 2. A time-averaged beam intensity of about 100 PA, Le., 10% of eie 
SNS's initial designed beam intensity, would be added to the SNS H- beam. This 
added intensity would be extracted in the High Energy Beam Transport (EEBT) line 
downstream from the end of the SNS H' linac and provided to the NISOL facility. The 
extraction will be accomplished by deflecting the H- beam by about 2.5" as shown in 
Figure 3. After deflection a thin foil (or perhaps a wire or a grid) would be inserted in 
the edge of the H' beam to strip the desired portion of the H' beam to H', i.e., to 
protons. The proton beam will be separated from the H- beam in a separator magnet. 
Then it will be transported to the NISOL facility through a high-energy proton transport 
line, see Figure 1. The unstripped H- beam (>go% of the total beam) will be deflected 
in the opposite direction from the proton beam in the separator magnet and returned to 
the HEBT by another small magnet. Preliminary calculations indicate that these three 
magnets should have fields below about 0.3 Tesla. The intensity of the stripped proton 
beam can be varied by moving the foil; fine tuning can be accomplished by "tweaking" 
the deflection magnet upstream of the stripper. Stripping only a limited area of the H- 
beam ensures that the emittance of the extracted proton beam will be comparable to OT 
less than that provided to the SNS. Using a relatively thick stripper foil (= 1 rng/cm:) 
minimizes the production of H" atoms. Nevertheless, it will be necessary to provide a 
low-intensity ( 4 0  Watts of 1 GeV H") beam stop to safely dispose of this smalll 
fraction of the fl' beam that remains as H" after the stripping. 

The proton beam will enter the MSOL 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 indicated in Figures 4,5 and 6. 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 to the right of the two shown also is being 
reserved for future developments. 

The ion sources would be located above, but perhaps offset, from the target. This 
slight offset would reduce the line of sight radiation from the target up the beam line. 
The ionized beams would be focused upward through a series of separated vacuum 
envelopes to a low-resolution ( M m  M O O )  preseparator which wouId bend the 
beam into the horizontal plane (see Figure 7). The low-resolution separator would 
remove the radioactive ions with masses other than that of the isotope of interest 
thereby reducing the radioactivity deposited in the remaining separators and 
beam-handling devices. It might be possible to recover a portion of these radionuclides 
for use as targets or other purposes. All of the services to the target and ion source and 
the associated vacuum enclosures (electrical, cooling water, control, He, laser channel, 
etc.) would be provided through the vertical tube. The vacuum to be provided by 



FIGURE 2. Artist's conception of the planned NISOL Facility at the SNS site at O W .  
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FIGURE 3. Schematic diagram illustrating the technique for extracting up to = 10% of the 
R beam after the SNS linac, converting it to protons by stripping, and providing i t  to the 
NISOL site while returning the remainder of the beam to the HEBT of the SNS. 

cryopanels should be sufficient for ion source operation Torr). The three 
separated vacuum envelopes of the vertical tube and preseparator are designed to 
maximize the 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--See Figure 6. 
Target and ion source assembly, servicing, testing, and used target storage areas would 
be located near the RIB production target areas as indicated in Figure 4. 
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FIGURE 4. Expanded portion of Figure 1 showing the target, ion source, radiation handling, 
and hot cell areas for the planned NISOL facility at the SNS site. 
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FIGURE 5. Cross-sectional side view along the beam direction of the proton beam line 
showing the target and beam stop areas, see Figure 4. 

15,2 -0. 

::> : 

STEEL SHIELD 

FIGURE 6. Cross-sectional side view perpendicular to the beam line showing a target area, the 
radiation handling, and the hot cell areas, see Figure 4. Note a target ion source assembly in 
transit (in the crane bay) between target cell A. Likewise, similar assemblies are shown in the 
target positions and being serviced in the hot cell. An expanded view of the target ion source 
assembly is shown in Figure 7. 
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FIGURE 7. Expanded view of the target, ion source, vertical beam 
transport, and preseparator showing the three-stage vacuum envelopes 
maximizing radiation containment in the shielded areas. This assembly 
would be remotely removed verticalIy and serviced in the hot cell shown 
in Figures 4 and 6. 

Ion sources under consideration for the NISOL facility include electron cyclotron 
resonance (ECR), electron beam plasma (EBP) (Le., modifications of the sources used 
for ISOLDE (I) and the HRIBF (7), and laser sources. A stable ion source for 
providing test beams of stable ions also is shown in Figures 1 and 4. 

A three-stage isobar separation system with a resolution of Am/m = 1/20,00O is 
shown in Figures 1 and 4. The low-resolution vertical-to-horizontaj bending 
preseparator (described above) is the frrst stage of this system. The second and third 
stages are an improved version of the present HRZBF isobaric analysis system (7) with 
a single-magnet second stage (Andm = 1/2500) and a double-bend third stage (Min = 
1/20,000). To provide maximum flexibility for a wide variety of masses and charge 
states, all these magnets will be at high voltage as will the RFQs. Space will be 
reserved before the second stage isobaric analyzer for the installation of a beam cooler. 
Likewise space also will be reserved between the isobaric analyzer and the RFQ for the 
future installation of a charge state enforcer, e.g., an electron beam ion trap (10) 
(EBIT), if this technology proves to be useful. 
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FIGURE 8. Schematic diagram of a possible layout of the RFQs and the superconducting linac 
for the NISOL facility. 

A layout for a two-stage RFQ and a four-stage superconducting heavy ion linac, 
capable of accelerating singIe4harged ions of A=140 to 15 MeV/u is shown in Figures 
1, 8 and 9. In this scheme the heavy ions would be stripped to an equilibrium charge 
state after the first two stages of the heavy-ion linac. The heaviest ions (i.e., masses 
greater than about 140) would be extracted as q = 2 from the ion source or stripped to 
q = 2 after the first RFQ stage. The RFQ will probably be of the split coaxial type 
(SCRFQ) now operating (11) at the KEIU'hnashi Facility (previously the Institute of 
Nuclear Studies of the University of Tokyo) in Tokyo. To achieve the very low q/m 
values (=1/140) the SCRFQ would operate at about 12.5 MHz. 

A large, versatile experimental area, allowing a nearly continuous range of beam 
energies (from =lo0 keV to 15 MeV/u) to be directed to a variety of experimental 
apparatus, is shown in Figures 1 and 9. From left to right the experimental apparatus 
shown for illustrating the size and the versatility of this area are: 

A highly efficient mass separator (e.g., VAMOS proposed for GANIL); 
0 a versatile time-of-flight setup for nuclear reactions studies; 
0 a series of general purpose beam lines for customized small experimental setups; 

the present HRIBF Recoil Mass Separator (RMS) with a large germanium array 
(e.g., GRETA) at the target position and a battery of focal-plane detectors; 
an upgraded version of the Daresbury Recoil Separator (DRS) optimized for 
astrophysics experiments; and 
an "unaccelerated" beam area including mass traps and other apparatus for materials 
science and biomedical studies with unaccelerated beams. 

For more information on the experimental equipment applicable to the NISOL 
Facility the reader is referred to the proceedings of a recent workshop on this topic 
(12). 

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 breakthroughs are most likely to occur. 
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FIGURE 9. Expanded portion of Figure 1 showing RFQs and a superconducting linac 
capabIe of acceIerating q=l ions of A=I40 to I5 MeV/u. A layout of a variety of experimental 
equipment described in the text also is shown to illustrate the dimensions of the experimental 
area 
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