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INTRODUCTION

There is an increasing interest in radicactive ion beams (RI1Bs) for
astrophysics, nuclear physics, and applied programs.t.2 The two accelerators
of the THolifield Heavy lon Research Facilitv (HIRF) provide a unigue
cpporiunity to qwu\}y and cconomically develop an inferim proton- rul

modium-infensity, 18OL-type,3 RIB facility. This extension of the HTIRIH

would provide for rescarch® and development until a much larger facility
con be realized in the late 1990s. This much larger and more intense RIB
fachity for Neorth Amarica fs under study by an ad hoc Steering Commitice.
Presently, the Oax Ridge Isochronous Cyclotron (ORIC) serves as an encrgy

Leoster for heavy ions from the 25-MV tandem accelerator. To produce
RH:’)S, this proccss could simply be reversed: the tandem accelerator would be
jocted with heavy fons produced by ORIC. In this case, the two aceclerators
'.x'!AI bo umpmd by oa thick toragct, fon =ource, mass Sopamtor, and charge
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2. EXISTING COMPONENTS -

. A central feature of this plan is that most of the main components alrcady
exist. 'The new hardware required for this RIB extension is shown in Fig. 1.
The existing components include:
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Fig. 1. Additional hardware required
to produce RIBs from the HHIRF accclerator system.
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2.1 © UNISOR- -+~

- This on-line j-: tope separator has been operating since 1971, is managed and
used by a consortium of university physicists, and provides extensive in-
house experience. UNISOR, with its high-efficiency FEBIAD ion source,
allows the immediate investigation and development of the thick-target and
ion-source materials, geometry, chemistry, and procedures required to
produce RIBs for subsequent acceleration. In particular, experiments have
started in which clements for future RIBs are implanted in thick target
materials of interest. " The chemistry and physics of the subsequent thermal
diffusion, desorption, and ionization are being studied indecpendently of

producing RIBs.6
2.2 Tandein Accelerator

The tandem terminal presently operates at 25 MV, which is the highest
clectrostatic accelerator voltage in the world. The charge state fractions and
transmission efficiencies through the tandem have been extensively
measured. With gas stripping, beams of mass 52 can be accelerated above
5 MeV/amu with a total efficiency of 20%. With foil stripping, beams of
mass 80 can be accelerated above 5 MeV/amu with a total efficiency of over
8%. Beams of lower masses can be accelevated to higher energies with total
efficiericies approaching 50%.

The tandem accelerator has some very important advantages for RIBs. No
modifications would be required for service as a RIB accelerator. Since it is
inherently a dc machine, no bunching is required for the injected beam,
maximizing the dc beam available from the ion source. In addition, other
inherent advantages, such as simplicity, reliability, flexibility, and excellent
beam quality, are also available. One of the main difficulties with RlBs is the
separation of analogue and isobaric beams. The folded configuration of the
tandem allows the separation of analogue beams. More importantly, the
excellent emittance (1-2 1 mm mrad) and low encrgy spread (< 1 x 10-%) of
tandem beams will allow convenient use of the existing cnergy analyzing
magnet for some separation of isobaric beams. With minor reconfiguration,
a mass resolving power of the order of 8,000 should be attainable.

2.3 ORIC Accelerator

The K = 105 ORIC was designed for the acceleration of both light and heavy
ions and was used extensively for intense light-ion beams in the first years
after its completion in the carly 1960s. ORIC was originally designed to
accelerate T mA of 75-MeV protons. Thus, ORIC is an idcal driver for the
intense light-ion primary beams neceded to produce secondary RIBs. Since
the continued use of the ORIC as an energy booster is planned, the
modifications required for internal-ion-source light-ion operation are
designed not to interfere with this operation. For intensity estimates, 1T and



FHe beams were limited to 2 kW of extracted beam power and Li and B beams
were limited to 10 ppA of extracted beam current.

2.4 'Shiéldéa Spa'ce o

The shielding for the original ORIC vault and target rooms was designed for
75-MeV, 1-mA proton beams. These rooms are also equipped with single-
pass HVAC systems appropriate for high-radiation arcas. In the present plan,
room C111, shown in Fig. 1, will house the target-ion source, mass sceparator,
“and charge exchange: c¢anal on-the high-voltage ‘platform, as well as the
associated storage caves and remote handling equipment which may be
required. No new civil construction is required.

3. ADDITIONAL EQUIPMENT

The additional equipment required to produce RIBs at the HHIRF is shown
in Fig. 1. Except for a necessary change in elevation, the high-voliage
platform could be fed by an existing 13-m-long beam line from ORIC. The
high-voltage platform would be operated at potentials up to 280 kV and with
the ISOL source potential of 20 to 80 kV with respect to platform ground,
would provide the nominal 300-keV energy which is presently used for
tandem injection. The ORIC beams would be transported from ground
potential to the platform and the ISOL source through acceleration tubes.
Depending on the RIB, either positive or negative ions would be formed in
the ISOL source. These ions would be accelerated to platform potential and

mass analyzed through a 1580 n=1/2 double focusing magnet. This mass-
anaiyzed veam would be charge exchanged, if required, and accelerated to
ground potential, ready for tandem injection. The north end of room C111
could be configured as an ion source service area with appropriate shielding
and remote-handling equipment. A 23-m-long beam line at an eievation of
2.3 m will be built to transport the negative ion beam through the cast
experimental room from the high-voltage platform to the tandem
accelerator. Injection would be accomplished by merging the beam through
the existing, de-cnergized, mass-analyzing tandem injector magnet.

4. EXPECTED ENERCGY AND INTENSITY

The maximum energies for RIBs from the HHIRF for some of the most
interesting and intense beams are listed in Table 1. With single stripping,
masses up to about 80 can be accelerated to energies above 5 MeV/nucleon.
The maximum currents for these beams are much more difficult to estimate,
and depend on the product of a number of factors. These factors can be
divided into a thick target production rate for radioactive atoms and the
overall conversion efficiency of these atoms to beam on target. The thick
target production rates were estimated using fusion cross sections based on
measured nuclear systematics and stopping powers. Production rates for C,
O, F, Na, Si, P, S, Cl, K, Cu, Ga, Ge, As, Se, Br, and Rb RIBs were calculated



using (H, xn) (He, xn), (Li, xn), (B, xn), and (p, axn) reactions on Be, C, N, O,

Mg Al, 5i, S, Ca, Zn, Ni, Ge, and Sr target atoms contained in BeO, BN, C,
v MgQO, AlB,, Si0;, ZrsSi;, . CeS,2 Ca0, ZnO, NiQO, ZrsGes, and SrO refractory
* target materials.’ '

Table 1. Estimated maximum accelerated beam intensity and
energy for sclected RIBs, excluding decay and target release losses.

Beam Maximum Beam Maximum
© . Intensity ' Beam'Energy { - " Intensity Beam Energy
[sotope (lons/s) (MeV/Amu) Isotope (lons/s) (MeV/Amu)
10C 1.7 x 108 13.0 6845 4.3 x 10° 5.9
11C 2.0x108 13.0 69As 5.1x109 5.9
140 5.7 x 108 13.0 70As 4.1 x10° 5.8
150 1.3 x 109 13.0 71As 4.7 x 109 57
17 F 4.5 x 1010 12.7 72As 3.2 x109 56
18F 2.3x1010 12.3 73As 4.6x10% 55
2INa 1.7 x 108 11.2 74As 3.8x10° 55
22Na 1.7 x 108 10.7 76As 1.1 x 109 53
2654 4.8 x 10° 8.8 70Se 7.8 x 108 5.8
2754 4.1 x 109 8.8 71Se 3.7 x 108 5.7
29p 8.6 x 109 8.6 72Ge 7.8x 108 5.6
30p 5.8 x 109 8.4 74Br 1.3x 108 5.5
305 1.3 x 109 8.4 76Br 6.6 x 107 5.3
315 1.2 x 109 8.2 77Br 2.7 x 107 5.3
33C1 1.0 x 1011 7.8 78Br 1.5 x 108 52
34t 8.6 x 1010 7.5 77Rb 5.6 x 105 5.3
37K 2.6 x 107 7.0 78Rb . 4.8x10° 5.2
38K 1.3 x 108 6.8 79Rb 54x10° 5.2
58Cu 4.1 x109 6.3 80Rb 4.4 x10° 5.1
63Ga 7.3 x 105 6.1 81Rb 3.6 x 100 5.0
6ACe 7.2 x 108 6.0 82Rb 4.2 x 105 4.9

Two methods are considered for negalive ion formation: direct surface
ionization and charge exchange. Direct surface ionization is applicable to
clements with large clectron affinities and efficiencies were estimated from
the Langmuir-Saha relation for a LaBg surface ionizer operated at 1370°K.
Efficiencies using charge-exchange are the product of two factors: the
cfficiency for positive iorization and the efficiency for conversion of posilive
to negative ions. The positive ion efficiencies were estimated by scaling the
probability for electron impact ionization of the element in question to that
of calcium which has a 30% mecasured efficiency. The efficiencies for
sequential charge exchange are based on measured results. In addition, a 50%
loss factor has been included to account for transport losses. The average
overall conversion efficiency from radioactive atoms to beam on target is
abont 1% and varies widely depending on the element.




Table 1 lists the product of these overall conversion efficiencies with the
thick target yields for some of the most interesting RIBs. Examination of this
table shows that of the 42 RIBs listed, 16 have intensities greater than 0.5
pnA, the intensity presently used at the HHIRF for experiments with 4xn
detector systems. Fluorine and chlorine, which combine favorable
production reactions arid acceleration efficiencies, are expected to be the most
intense RIBs. It should be emphasized that Table 1 does not contain decay
loss or release rate factors.

5. CONCLUSIONS

The proposed extension of the HHIRF accelerator system appecars to have
great promise and provides a timely and cost-effective path to quickly
produce RIBs.# Implantation studies® have started, using UNISOR, to
understand the target/ion source chemistry and physics appropriate to
produce RIBs with intense, low-energy, light-ion beams. A possible physics
program for these beams has been described in detail.> In addition, a new
target/jion source based on the CERN ISOLDE concept? is being designed and
fabricated, an interim mass separator is being assembled from existing
components, and the internal ion source capability for hydrogen and helium
beams is being restored to ORIC. Completion of these tasks will allow the
timely development of RIBs at jon source energies using intense light-ion
beams from ORIC. The acceleration of these RIBs by the tandem accelerator
is a straightforward extension o’ the existing program.
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DISCLAIMER

Tiis report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



