
The UNISOR Project

E. H. Spejewski, R. L. Mlekodaj, H. K. Carter, W.-D. Schmidt-Ott,

E. L. Robinson, R. W. Fink, J. M. Palms, W. H. Brantley, B. D. Kern,

K. J. Hofstetter, E. F. Zganjar, A. R. Quinton, F. T. Avignone, W. M. Bugg,

C. R. Bingham, F. Culp, J. Lin, J. H. Hamilton, A. V. Ramayya, M. A. Ijaz,

J. A. Jacobs, J. L. Duggan, W. G. Pollard, R. S. Livingston, C. E. Bemis,

E. Eichler, N. R. Johnson, R. L. Robinson, and K. S. 'loth

UNISOR,* Oak Ridge, Tennessee 37830, U. S. A.

I. Introduction

The UNISOR consortium was formed for the primary purpose of studying

nuclei lying far from the line of beta stability by means of an isotope

separator placed on-line the Oak Ridge Isochronous Cyclotron (ORIC) at the

Oak Ridge National Laboratory. This consortium is unique in that the mem-

ber institutions have provided the majority of the initial capital equip-

ment and continue to provide a substantial portion of the operating costs

from their own internal funds. The U. S. Atomic Energy Commission provides

the remainder of the operating costs as well as additional capital funds.

The availability of ORIC for this project is fortunate in several

respects. It is centrally located with respect to the member institutions,

providing convenient access for most of them, and it is capable of pro-

viding moderate intensities of heavy-ion beams. The beams that are

presently available and useful for this project are shown in Table I. The

ORIC also provides intense light-ion beams, of course, but these are not

used because the shielding has not been designed for them. MASTER
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Table I.

45-67 >1

80-120 >1

-69-103 >1

107-161 >1

60-90 >1

93-140 >1

75-112 -vO.5

108-162 <^0.2

ORIC beams used

for UNISOR.

The facility is also intended to Particle
 E n e r 8 y C u r r e n t

be used off-line for separations of ^ (MeV) (euA)

stable and radioactive materials, for

implantation, and for atomic physics

studies employing the separator as a

low-energy heavy-ion accelerator.

II. Layout

The UNISOR facility is housed in

an addition to the ORIC building,

Fig. 1. This addition also contains

several other experimental facilities,

with UNISOR occupying approximately

half of the total space, as shown.

The facility is designed so that the isotope separator can be used

either for on-line studies, or off-line as a conventional isotope separator.

The drift tube, which is shown connecting the two lens boxes, connects to

the housing of the off-line ion source, permitting fast and convenient

switching between the two modes.

The separator control console is located adjacent to the collector

chamber in the experimental area, convenient to the experimental equipment.

This area is arranged so that it is possible to perform on-line experiments

using two different mass beams. In addition, a lead cave will be installed

to permit studies of longer-lived species which are simultaneously produced.

III. Isotope Separator

The isotope separator is a commercial version of the Scandinavian

type. It is a 90°, 150-cm radius-of-rcurvature device, having a resolution

Am/m < 1/2000. It is capable of providing well-focussed beams at the focal

plane in the mass range of approximately ±8% of the central beam, providing

either a line or a spot focus.

The ion sources provided are the standard Nielsen-type oscillating

electron and the Sidenius hollow-cathode sources with appropriate housings

and extraction electrodes. In addition, a split-magnet housing is provided

for the Nielsen-type source to allow the cyclotron beam to enter the ion

source.

The collection chamber of the isotope separator is provided with an

airlock for insertion and removal of collection foils. This is particularly

useful in performing focal-plane collections of the side masses while an
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Figure 1. Addition to the ORIC building housing UNISOR.



on-line experiment is occurring on the central mass because this arrange-

ment permits only a short interruption of the on-line experiment while, the

collector foil is raised to the position of the airlock. .•

The back end of the collection chamber is removable, allowing the

installation of a beam switchyard. This permits the extraction of a sepa-

rated beam at 0° and at ± 30°, as shown in Fig. 1. The port at any of these

beam lines can be connected to a 2.5-meter long beam-extension tube which

is provided with two focussing elements. A single-mass beam may thus be

removed to a distance relatively far from the other activity simultaneously

being separated.

IV. Tape Transport

A tape transport unit, Fig. 2, has been constructed for the collection

of a single-mass beam and the transportation of this activity to detector

stations. This instrument is modular in design, permitting the installa-

tion of modules which can be designed to fit the requirements of a specific

experiment. The modules initially constructed are a collection station,

two "standard" detector stations, a right-angle detector station, and two

units containing the tape reels and drive mechanisms. The collection and

detector stations are constructed with portholes for the insertion of

detectors. This design permits

the use of a wide variety of

different detectors at any port,

requiring at most the constru-

ction of a special "flange" for

a given detector. With one

exception, the ports are suf-

ficiently large to accommodate

detectors as large as 8.8 cm

in diameter.

The collection station is

provided with five ports. Two

of these are primarily designed

for particle detectors, being

smaller in size than all the

others and viewing the deposi-

tion side of the tape (the

"front") at 45* angles. The

other three ports view the Figure 2. Tape transport system.
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back and edges of the tape. Each of the "standard" detector stations con-

tain four ports, viewing the front, back, and edges of the tape. The right-

angle station contains two ports viewing the front of the tape at a 90°

angle to each other, as well as ports viewing the tape edges.

The tape is aluminum-coated Mylar, the activity being deposited on the

aluminum side. It is driven by a stepping motor which can operate either

in a pulsed or in a continuous mode. In the pulsed mode, the minimum trans-

fer time between adjoining stations is approximately 0.9 sec. The control

unit for this instrument is the same type as that used at TRISTAN, and was

constructed at the Ames Laboratory through the kindness of Prof. W. L.

Talbert and Mr. J. R. McConnell.

Because of space considerations, the tape transport is presently

connected to the beam-extension tube on the 0° beam line.

V. Target/Ion Sources

During the past eight months, we have been developing two types of

target/ion source combinations. Since heavy ions are used for production,

both use relatively thin targets and both take advantage of the large

linear momentum transferred to the product atoms. One of these systems

uses a separate bombardment chamber and a helium-jet system to transfer the

products to the ion source. The advantage of this system is that almost

every element can be used as a target in it, although the efficiency does

not appear to be high as the other target/ion source. The helium-jet system

and its operation are discussed more fully in another contribution to this

conference.

The other target/ion source under development is the "Pingis type," so

called because it is based on a concept used in the Pingis project at the

Research Institute for Physics, Stockholm. The initial configuration of

this type is shown in Fig. 3.

A standard Nielsen-type ion source with a hole cut through the anode

cylinder and heat shield, is used. A thin foil target covers the hole in

the anode cylinder, held in place between a shoulder on the anode cylinder

and a carbon ring. The target is open to the cyclotron beam which enters

through the center section of the split-magnet housing mentioned above.

Those products which recoil out of the target are stopped by a catcher foil

which is Mounted within the plasma region. Since the catcher is at a high

temperature, the product atoms very quickly diffuse out of it into the

plasaa. Those products which do not recoil out of the target can diffuse
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out since the target is at a

temperature of approximately

lOOO'C.

The advantage of this

target/ion source is that it

appears to have a high efficien-

cy, and promises some possibility

of performing "chemistry" within

the ion source. Its disadvan-

tage is that only refractory

materials can be used as targets

because of the high operating

temperature.

Several different elements

have been used as targets in

this arrangement. Only two,

Mo and Nb, have operated entirely

satisfactorily. Targets of Ni,

Rh, and Pd have either ruptured

or developed holes within a short

time of operation (several min-

utes to several hours). Targets

of Zr and Ta have not been used sufficiently long to determine their be-

havior, and other refractory materials have not been tried.

We have tried several modifications in attempting to solve the target

breakage problem, but none have yet been completely satisfectory. The most

successful modification is to place the target at a larger distance from

the filament by means of an extension, and to rotate the catcher foil 180°

so that it acts as a heat shield for the target. In this configuration,

the targets maintain their integrity for long periods (approximatley 8

hours) with a moderate-intensity cyclotron beam, but have much shorter life-

times with beams of about 1 \xA.

When the target foils remain whole, the operation of this target/ion

source is very satisfactory. Assuming theoretical values for the production

cross-sections, we have estimated efficiencies of a few percent for products

from Ag to I, and 30-502 for Xe. The dwell time within the ion source also

appears to be good, since we have seen 3-sec 1 1 6I in our tape transport

system with no obvious reduction in che amount of activity expected.

Figure 3. The Pingis-type

target/ion source.


