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An increased demand for low-level radioactive targets has created the need

for a laboratory dedicated to the production of these foils. A description is

given of the radioactive target produced as well as source development work

being performed at the Physics Division target facility of Argonne National

Laboratory (ANL). Highlights include equipment used and the techniques

employed. In addition, some examples of recent source preparation are given as

well as work currently in progress.
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1. Introduction

Driven by the routine needs within the Physics Division for radioactive

sources and, more recently, by the increased demands for low-level radioactive

targets, a separate laboratory ha9 been assembled dedicated to the production of

these targets and sources. This laboratory has two separately exhausted fume

hoods, a glove box for handling radioactive materials, and two diffusion-pumped

evaporators. Containment is closely monitored by Health Physics personnel and a

hand and foot monitor is used for all entry/exit to and from the facility.

The facilities to produce radioactive targets and sources, and a number of

preparations for experiments will be described. Thus far, we have been able to

fulfill demands for these required materials.

2. Experimental Equipment

2.1. Cooke Evaporator

Target fabrication is accomplished using a Model C-1663 all stainless

steel high vacuum evaporator supplied with a 36 cm. dia. stainless steel bell

jar manufactured for ANL by F.J. Cooke, Inc. (Fig. 1). The vacuum system

consists of a CVC Model PMC 721 water-cooled fractionating diffusion pump rated

at a speed of 700 2.1s. Also included is a CVC Model 4260-10 optically dense,

antimigration type cold trap with integral water-cooled baffle, refrigerated

with liquid nitrogen. Pressure is measured using Bayert-Alpert type ionization

gauges both above and below the high vacuum gate valve. Nominal pressure within

the bell jar during evaporation is in the 10"6 torr range.

Evaporations are performed via resistive heating with the source contained

within a glass sleeve to reduce contamination to the bell jar. The system has

a quartz crystal thickness monitor, a thermocouple temperature probe and a

shutter mechanism. Aluminum foil lining is used throughout to reduce

contamination to the bell jar. Evaporations are carried out mainly on carbon



substrates, either mounted on target frames or onto carbon coated slides. A

detailed photograph of the evaporation region is shown in Figure 2.

2.2. Small (20-cm diameter) Evaporator

A second, much smaller evaporator system was constructed for close-

proximity evaporations of higher activity (0.1-2 /iCi) materials. The small size

of this system allows for minimization of contamination and facilitates

installation within a HEPA filtered laboratory fume hood. The vacuum system

consists of a CVC VMF-10 Series fractionating self-purifying water-cooled

diffusion pump with a 20-cm diameter Pyrez bell jar. Pressure is measured using

a NRC thermocouple gauge. A photograph of the entire set-up is given in Fig. 3.

The system is quite similar to that described by Aaron et al. [1] in use at Oak

Ridge National Laboratory (ORNL).

The evaporation boats used are both commercially available as well as

custom fashioned in-house, and are secured at the top of the current electrodes.

This facilitates very close evaporations - 3 mm to 7 mm distance (see Fig. 4).

The electrodes, boats, bell jar, etc. can be exchanged to prevent cross-

contamination. The entire source region is surrounded by a glass sleeve to

reduce contamination of the rest of the system as shown in Fig. 5.

2.3. "Drop" Sources

Another technique employed for preparation of radioactive sources at ANL,

similar to that described by Koehler et al. [2] for producing LANSCE targets, is

the "Drop* method. A liquid drop of very small volume (down to 0.5 microliter)

is suspended from the end of a volumetric measuring pipette (Gilson Precision

Hicroliter Pipette). The target substrate is then slowly elevated, using a

"mini" lab jack, to where it just contacts the liquid drop and then is slowly

lowered (see Fig. 6). By this procedure, the liquid material is deposited on



the substrate by direct spreading, and then dried. Drops as small at 1 mm dia.

of radioisotope placed on self-supported carbon backings as thin as 20 ftgjcm2

have been prepared in this fashion. A photograph showing the set up of the

entire apparatus is given in Fig. 7.

3. Search for a 17-keV Neutrino

Since the neutrino interacts very weakly with matter, a measurement of the

mass of the neutrino requires a process involving the neutrino along with

another particle. The detection of this second particle leads to information

about the neutrino. An example of such a physical process is the beta decay of

the nucleus 3 5S, half-life - 87.2 d.

35$ -> 35Cl + e" + ve

By measuring directly the electron energy spectrum for this decay, evidence of a

finite neutrino mass can be found. A neutrino mass equivalent to 17 keV was

first reported by Simpson [3] in a measurement of tritium beta decay. Later,

Hime and Simpson [4] measured the beta decay of 3 5S using an external source and

Si(Li) detector, which essentially confirmed their previous finding.

The experiment [5] employs a superconducting solenoid electron

spectrometer capable of fields up to 2 Tesla. The radioactive sources are

inserted using a load-lock from below the coils. At the far end of the

solenoid, a high resolution, 16-ran diameter, Si(Li) detector is employed for the

energy measurements. With a source in position, this detector has nearly 2 I"

efficiency for the electrons. This is a significant advantage o?er previous

external source experiments which employed internal conversion spectra for

calibration. Also, this high efficiency allows the use of a weaker source,

hence concerns about source thickness are substantially reduced.



3.1. 3 5S Beta Emitter

Sources were prepared by close-proximity evaporation onto 20 ftglcm2 carbon

foils. The aluminum frames employed were those used for gamma-ray spectroscopy

and consisted of a clear aperture of 1.25-cm diameter. For this reason, carbon

backings thinner than 20 ftglen2 were found to be too fragile. The spot size of

the evaporated deposit was controlled by a mask to be l.S-mm diameter. By

heating a dried salt solution, in this case N»235SO4, and colHmating the

resulting vapor onto the backing foil, a very thin source of uniform thickness

and 0.4 ftCL activity was obtained. Special care was taken to prevent

accumulation of the material onto any other part of the target.

This 35S source proved difficult to prepare with sufficient intensity

required for adequate experimental statistics, and was only used in the test run

for this experiment. Additional production of 35S sources by evaporation were

found to be unstable in the vacuum system due to the low vapor pressure of this

compound or possibly the sticking ability of the material on the carbon

substrate. The Na2
35S04, however, is carrier free and contains almost zero

additional mass. For this reason, it could also be fabricated using the "drop*

method described earlier. Sources of ^ S with up to 1.8 nCi activity were

prepared in this fashion. With the high efficiency spectrometer, a 0.5 pi salt

solution produced a counting rate of 3100 Hz in the silicon detector.

3.2. 57Co and 109Cd Calibration Sources

Similarly to the 3 5S source described above, the required calibration

sources were aiso evaporated from the salt. Sources of 57Co (t^/2 * 271.8 d)

and 109Cd (tj.f2 * 462.3 d) were prepared by deposition of
 57CoCl2 and

 109CdCi2

respectively, onto carbon backings of 20 /ig/cm2. The sources obtained contained

activities of 270 nCi 57Co and 225 nCi 109Cd, respectively.



Later in the experiment, an additional source of 57Co was needed. In

order to evaporate a 1-mm diameter spot directly from a boat would require about

1000 times more material then the method of direct spreading, it was decided to

try a "drop" source. This could be done since the material was carrier free.

However, a problem of wetting the surface of the carbon backing was encountered.

It was difficult to contain the drop within a small circular area (i.e. the drop

would wrinkle the foil and then spread unevenly). Many attempts were made

before a successful target of 0.2 /tCi was produced. Because of this difficulty,

evaporation would appear to be the preferred method, starting with a higher

activity sample within the boat to obtain the required intensity.

3.3. Preparation of La Targets for ^^®Ce Source

An additional internal conversion line ^3®Ce s o u r c e (tj^2 " 137.6 d) was

requested. First, a series of lanthanum targets were prepared by electron beam

evaporation onto mounted carbon foils of 20 fig I cm2. A description of this

system is given in Ref. [6]. Lanthanum targets were prepared with thicknesses

of 10, 20 and 50 fig I cm.2. Precautions were taken to vent the evaporator with

argon gas and the targets were then transported under vacuum to Western Michigan

University at Kalamazoo, Michigan. Although oxidation of the deposits is sure

to occur, the amount of lanthanum should remain constant. By means of the

139La(p,n) reaction, 139Ce was produced using a proton beam of 8 MeV energy from

the tandem accelerator. The spot size of the target was 2 mm in diameter.

These 50-nCi 139Ce sources provided an excellent internal conversion line

calibration. With lines at energies of approximately 127, 160, and 165 keV, it

spans the entire relevant energy spectrum for the analysis of the 3 5S beta

decay.



3.4. 1 4C a«d 63Ni

Another source, to check the sensitivity of the collected electron

spectra, was prepared by combining ~12 activity of l*C (t^/2 " 5730 y and Q -

156 keV) with 99Z activity of 3 5S (Q - 167 keV). The source then would contain

the sum of the two beta spectra of different endpoint energies essentially

mimicking the signature of the heavy neutrino. If the admixture of -̂*C can be

identified in the analysis, the sensitivity to the 17-keV neutrino signal would

be established.

The source was produced by the "drop" method described earlier by first

preparing a deposit of 14C which in the apparatus yielded a count rate of 40 Hz

which was about 1Z of the desired counting rate. The **C radioisotope was

supplied as a compound consisting of L-valine in a solution of ethanol and

water. Next, a drop of the 35S was placed on top of the original deposit of 14C

to produce about 99Z of the count rate needed. The resulting source had a

combined strength of 648 nCi.

As a further check of the results, additional beta emitters will be

measured including 1 4C alone as well as 63Ni. Initially, sources of the **C

labelled L-valine were made by vacuum evaporation with an activity of only 13.5

nCi. This source provided insufficient intensity in the apparatus, and others

were instead prepared as deposited "drops". Successful sources of 0.4-0.9 /»Ci

were prepared using this technique. An alternative approach would be the

cracking of ^C-acetylene by glow discharge as was done by Gallant and Dmytrenko

[7] for the production of 14C radiographic sources.

The 63Ni radionuclide, t^/2 " 92 y» i s supplied in a 0.5 M HC1 solution,

and a source can be made via the "drop" method, or dried and evaporated from a

boat onto the carbon backing foil, as was done at Chalk River [7]. The work on

these two additional sources is still in progress.



4. Additional Examples of Some Recent Work

4.1. Thorium Targets

Natural thorium targets were required for some recent work by Back et al.

on the sub-barrier fission in the 1 60 + 2 3 2Th reaction [8]. In this experiment,

the relative contributions were determined of the fragments from both the

fission of the 2 4 8Cf nuclei produced in the fusion between the target and

projectile, and the decay of nuclei in the Th region, which were populated by

inelastic scattering and/or transfer reactions in the target.

Thorium fluoride targets were prepared with a thickness of 200 /ig/cm2 on

carbon backings of 20 /fg/cm2. The evaporation was done directly onto the carbon

coated slides. It was found however, that the ThF4 on these foils was highly

stressed and the targets would tend to curl up after standing. These foils were

adhered to the frame using a thin film of Apiezon grease. A build-up of

internal stress in these films possibly occurred due to the hydroscopic nature

of the fluoride which would spontaneously rupture the target either during

vacuum pump down of the chamber or immediately upon exposure to the beam. The

1 60" beam energies used were 78.2 - 100.6 MeV. This behavior had been

previously seen in the halogens of radium by Maier and Grossmann [9]. The use

of a thicker substrate (i.e. 40 /tg/cm2 carbon foils) rectified this situation.

Targets of 400 /(g/cm2 TI1F4 were prepared in this way. It was important for

these thicker targets to attach the foils to the frame using the Apiezon grease.

4.1.1 2 2 9U Decay Study

Targets of 232Th were needed for an experiment to be carried out at

Lawrence Berkeley Laboratory (LBL) by Ahmad [10]. The aim of the experiment was

to study the decay of 2 2 9U (t]j2 • 1^5 d) to deduce the nuclear structure

properties of this nucleus. This nucleus is produced by the

232Th(0,7n)229U reaction.



The recoiling uranium nuclei are then swept using helium jet into a counting

system.

The required targets consisted of a few hundred /tg/cm2 of ThF4 on

beryllium backings of 5 mg/cm2. The fluoride was evaporated to a thickness of

150 fig I cm2 onto previously mounted Be foils supplied on special frames by

Berkeley.

4.2. 228Pa Sources

For an investigation of the level structure of 22*Ac the alpha decay of

2 2 8Pa (tx/2 - 22 h) was measured by Ahmad et al. [11]. The Pa activity was

produced at the Indiana University Cyclotron by irradiating 2 3 2Th with 45 MeV

protons. The protactinium was then chemically separated from the target so that

thin sources could be prepared for measurements.

Sources of 2 2 8Pa were prepared from the fluoride using the small, close-

proximity evaporator described above. The material was placed in a 0.127-mm

thick V boat (obtained from R.D. Mathis, Long Beach, CA) and brought to 1500 C

for 2 minutes, for deposition onto a 200 /ig/cm2 aluminum substrate. The thin

backing was necessary as electrons from this source were to be measured in

coincidence with the alpha particles.

In a separate experiment, the 228Pa was plated from solution onto a 0.5 mm

thick stainless steel substrate for alpha particle, gamma-ray coincidence

measurements.

4.3. Uranium Targets for APEX

The ATLAS Positron Experiment (APEX) was conceived to investigate the

origin of the anomalous peaks seen in the positron spectra produced in

collisions of very heavy ion beams on heavy targets [12]. These peaks were

first observed in experiments conducted at GSI and have since become the subject
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of intense scrutiny. In spite of these efforts, their origin and nature remains

unclear. The heavy-ion experiment proposed at ATLAS will probe the kinematics

of the positron-electron coincidence events to ascertain whether these events

possibly originate from the decay of some previously unknown neutral object.

The data from APEX should determine the invariant mass of such an object to a

precision of 25 keV.

The initial experimental requirements will be for depleted uranium metal

targets on carbon backings and covered with a thin carbon layer similar to those

produced by Folger et al. [13] at GSI. The target itself consists of a four

quadrant wheel approximately 5-cm diameter. This wheel is rotating at 400 rpa

on the end of a 1 m long shaft by a motor placed outside the vacuum chamber. An

important requirement of this assembly enables the target wheel to be withdrawn

using a load/lock for changing targets without breaking vacuum of the APEX

vessel. For the evaporation of the U metal, a dedicated laboratory has been set

up at FSU by Robert Leonard [14]. A new Temescal electron beam source,

identical to the ones in operation both at ANL and Florida State University [6],

has been purchased for the production of these metallic uranium targets.

Production of UFA targets of 300 fig/cm2 on carbon backings of 40 fig/cm2

has been accomplished at ANL. The thick backings once again proved necessary as

thinner carbon foils (20 jtg/cm2) would break during deposition. Other high-Z

target requirements such as 300 fig/cm? self-supporting Au and Ta foils mounted

on the rotating target wheel assemblies have been prepared as well.

5. Conclusion

The demands for radioactive sources and targets are being met using a

laboratory and equipment which is dedicated to the use and handling of

radioactive material. A number of sources such as, 3 5S, 57Co, 109Cd, etc., of
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various strengths, have been produced and techniques such as the 'drop* method

developed. Targets of TI1F4 and UF4 have been prepared by vacuum evaporation via

resistive heating onto carbon and other backing foils. This work is continuing.
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Figure Captions

Fig. 1. Cooke Evaporator Model C-1663 used for the TI1F4 and DF4 target

evaporations.

Fig. 2. Details of the evaporation source region showing boat, substrate holder

shutter and quartz thickness monitor.

Fig. 3. Small evaporator used for close-proximity evaporations of higher

activity material showing placement within the hood.

Fig. 4. Close-up of small evaporator showing the target substrate placement.

Fig. 5. Photograph of the close-proximity evaporator detailing the evaporation

source region.

Fig. 6. Close-up of the pipette and substrate when preparing a target by the

"liquid drop" technique.

Fig. 7. Photograph of the apparatus used to prepare sources via "drop" method

(see the text for details).
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