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Abstract

Until recently, instrumental alpha spectroscopy has lagged behind the
technical developments of instrumentation and software that are availa-
ble for low background oc/~counting, liquid scintillation, and gamma
spectroscopy instruments. We report in this paper, the development of
OASIS, a new family of alpha spectroscopy systems from oxford Instru-
ments Inc., Nuclear Measurements Group. The OASIS instruments in-
corporate many hardware and software innovations providing an auto-
mated and integrated production environment for alpha spectroscopy.
These instruments are needed because of the large number of samples to
be measured and the required throughputs of production laboratories
processing these samples. OASIS is also useful for research facilities be-
cause of their sophisticated vacuum control, data management, and anal-
ysis features, one of the most important innovations is the electronic
vacuum system and Cartesian diver. Many additional features contribute
to improving accuracy, lowering cost per sample, improving sample
throughput, and ensuring accountability of laboratory results.

Introduction

Alpha spectroscopy systems are going through dramatic and bene-
ficial changes in response to more stringent regulatory requirements
governing alpha-emitting radionuclides. Environmental characterization,
waste management of transuranic wastes, and dismantling of nuclear
weapons are all contributing to a burgeoning demand for high-quality
accurate sample analysis. Both government and private laboratories are
able to cope with this sample throughput by utilizing automated and la-
bor-saving methods wherever possible. OASIS is an acronym for oxford
Alpha Spectroscopy Integrated System. It has been designed to address
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as many of the requirements needed by laboratories performing alpha
spectroscopic analysis of diverse sample types.

Sample flow in the laboratory

For alpha spectroscopy like most other analytical measurement
techniques, the measurement begins with sample collection. SPC
methods can be applied to the sample collection process, however we
begin our evaluation of the laboratory process when the samples are
received at the laboratory. The specific details vary between laboratories,
however the processes described here are similar enough that the overall
flow of samples through the laboratory is valid for most facilities.

Samples are first logged into the laboratory, often a technician
records the customer information, and then enters each sample into a
logbook or data file. Customer numbering of sample is recorded, along
with a laboratory sample number. The laboratory numbering is required
if duplicate and control samples are to be run. A laboratory supervisor
can then objectively measure process bias, precision, repeatability and
reproducibility.

More and more frequently, a bar code is assigned to each sample
further simplifying sample tracking and reducing data entry errors.
Samples are usually split into several fractions and processed separately
or first mechanically processed and then split for further preparation
required for each analytical technique.

The next important step in alpha spectroscopy process is chemical
separation and sample preparation. Without good sample processing, the
rest of the measurement process will be unreliable and inaccurate. Good
laboratory procedures for sample preparation must be maintained and
followed if the process is to be reliable.

For solid samples analyzed by alpha spectroscopy, a total
dissolution is required. Depending upon the chemical composition of
the sample various acids are used to dissolve the complete sample.
Several chemical processing methods are presently in use, including
group and individual ele"ment separations by wet chemistry, liquid-
liquid extraction, and ion-specific exchange columns. Final sample
preparation is done by evaporation, electrodeposition on a disk or by
filtration [ l j . More than one chemist may perform the chemical
separations. The chemical process usually follows a detailed procedure,
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Figure 1 - Sample Flow through an Alpha Spectroscopy Laboratory
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however weighing errors, volumetric errors, concentration variations in
reagents, temperature variations in reagents and solutions, and other
variations in the reaction rates all affect the ultimate chemical recovery
for each sample or batch of samples.

Samples are usually processed in groups, called batches. Batches of
samples may have a blank sample that contains no radioactivity, but is
processed chemically like the other samples. This duplicates the sample
geometry and chemical processing for a background measurement.
When the sample analysis method utilizes an internal standard called a
tracer, a tracer blank is used to duplicate the sample background. Tracer
blanks are blanks to which a known quantity of some radioanalyte is
added. Some laboratories also run blind samples that are QC checks
called Laboratory Control Samples. These samples are internal
standards whose activity is known and is used as a check on the overall
sample handling and chemical processing. Duplicates are also run.
sometimes as blinds, to measure process precision and reproducibility
within the laboratory.

The prepared samples are then brought to a counting room where
the alpha spectrometer is located. Samples are counted on instruments
that are being monitored for their nominal performance. Important
instrument parameters include chamber background, vacuum level,
temperature, equipment supply voltages, amplifier and preamplifier
output, amplifier gain, detector leakage current, bias voltage, electronic
pulser FWHM, pulser position and detector efficiency.

Analysis of the data can be performed using a variety of tools, but
the calculation of activity is based on either an absolute measure of
efficiency (tracerless) or by a tracer method. For tracerless methods, an
external recovery factor is multiplied with the detector efficiency. The
external recovery factor is often determined by replicate measurements
of chemical recovery. For tracer methods, the measurement of count
rate in a tracer provides a combined measure of efficiency and chemical
recovery.

Hardware Innovations

The major hardware innovations of OASIS are the computer-
controlled vacuum, detector, amplifier, pulser, and MCA functions,
other features include an optional Cartesian diver pressure control, use
of space-age composite materials for the chambers, computer
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monitoring of important electronic and vacuum parameters, automated
control of bias, and use of a 4000channel ADC and memory for data
collection. The integrated electronics and vacuum design simplifies
installation and setup. Connect a single vacuum line, the power cable,
and IEEE-488 cable to a PC and the system is ready for operation.

Control of 30 OASIS systems, each containing eight individual
chambers, provides a maximum total configuration of 240 alpha
spectrometers simultaneously operating under one PC. The eight
chambers have independent preamplifier, amplifier, bias supply, pulser
and electronically controlled vacuum system. OASIS has its own battery
backup, which maintains all spectral information and system parameters
in the event of a power failure. This feature is particularly important for
the long counting times required for environmental samples.

The amplifier gain can be adjusted and controlled from the PC.
With 4000 channels per chamber and computer control of the amplifier
gain, peak definition and separation are greatly improved relative to the
older 512-channel to 1024-channel systems utilizing biased amplifiers.
oASIS also monitors its own internal hardware status including the
onboard +12 volt supplies, 5 volt supply, internal temperature, backup
battery voltage, and the detector status for each chamber.

Detectors

Ion-implanted detectors are now almost exclusively used for alpha
spectroscopy. The ionimplanted detectors are available with thin
entrance windows of only 500A° that provides improved resolution.
Ion-implanted detectors have significantly lower leakage currents than
surface barrier detectors. Low leakage current means lower noise that
directly translates to better resolution. Many premium devices have 17
keV FWHM for a pulser peak. Charged particles entering the detector at
an low angle will not suffer significant energy loss. Although the
entrance window is thin, these detectors can withstand cleaning. Ion-
implanted detectors are operated at lower bias, typically 3S-4OV, thus
they avoid the problem of corona discharge that can occur if bias is
applied while a chamber is being pumped. The discharge that occurs at
higher voltages can potentially ruin a detector.

Automated Vacuum System

OASIS systems have individual chamber computer-controlled
vacuum. Consider a conventional alpha spectroscopy system, with 32
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chambers currently loaded with samples. If a sample needs to be run
immediately, then a user must first place 31 chambers in hold by
turning a mechanical valve to close off the vacuum in each chamber.
The chamber to be loaded may now be vented to atmosphere, the
sample is loaded, the chamber is repumped to vacuum and the other
chambers are placed back in pump from their hold state. This repetitive
operation is a lot of work for the user and a lot of cost to the laboratory.
Furthermore, there exists the possibility that the operator will forget to
place the chambers in hold. As a result, the vacuum in all of the other
chambers will be affected and the spectra being collected will be ruined.
If the operator fails to take the other chambers out of hold after the
sample is loaded, the same result will occur as the chambers leak up with
time.

An even more serious situation exists if the vacuum fails in one of
your chambers. The system may remove the detector voltage which may
save the detector, but not the suspend the counting. Unless the system is
checked by an operator, the unit will continue to count, providing
useless information. The only recourse is to start the count over, wasting
time that could be used to run another sample..

OASIS addresses these issues by incorporating a smart computer-
controlled vacuum system not requirin- human intervention. If the
vacuum level is above the computer-controlled set point,

the system automatically suspends data acquisition. oASIS will then
place all other chambers on the vacuum pump in hold and re-pump the
affected chamber, once the vacuum is re-established, the data
acquisition continues. If the vacuum level set point is not attainable,
OASIS does not waiting for human intervention to identify the problem.
OASIS sounds an audible alarm and provides a visual indication that a
fault has occurred and the system needs attention.

Detector bias can be set and controlled by the PC. The detector bias
ON/OFF control is linked to the vacuum set point, and will enable and
disable automatically according to the vacuum levels the user has
defined. The bias is applied to the detector at a rate of not more than 1
O volts per second. Vacuum level and status are monitored
automatically by the system. Control and setup of the vacuum
parameters are accomplished by the PC. Should vacuum in any
chamber leak up to the maximum set point, the acquisition will pause,
the bias to the detector will turn off, and the system will automatically
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attempt to rectify the problem. When the system has corrected the
problem and the vacuum returns to the set point, detector bias is
automatically reapplied and acquisition resumed.

Electronic Cartesian Diver and Recoil Contamination Reduction

Although some surface contamination can be removed with proper
cleaning of the detector, in most cases the recoil ion is embedded into
the detector or chamber walls and cannot be removed. With time, this
can cause significant background problems. Replacing detectors that are
otherwise in good condition can be costly. Recoil contamination can be
minimized with the use of a Cartesian diver, a system that regulates the
vacuum pressure in the chamber. By keeping a small amount of air in
the chamber, the recoil ions collide with air molecules, effectively
preventing the recoil from reaching the surface of the detector or
chamber. What happens to the recoil ions after they have been slowed
down? By back biasing the sample (applying a small voltage potential
between the sample and the chamber) recoil atoms are attracted back to
the sample.

Relative Precision of Electronic Cartesian Diver

.40 60
Sot Point

Figure 2 - Precision of electronic Cartesian Diver

In the past, obtaining a Cartesian diver for your alpha spectroscopy
system was costly and potentially hazardous. Mercury monostats were
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placed in line between the vacuum and the counting chambers. With
today's growing concerns about the environment, Mercury in the
counting room is not an acceptable solution. The Cartesian diver option
in OASIS provides independent computer-controlled regulation in each
chamber. All chambers in the system have their own unique vacuum set
point.

A Cartesian diver is a device that regulates the pressure (or vacuum)
between prescribed limits. By leaving some air pressure in the chamber,
the air atoms can interact with the recoil atoms (ions) from the sample.
The collisions reduce the kinetic energy of the recoil atoms. By
applying a small bias to the sample holder, the recoil atoms eventually
are directed by the electric field lines back to the sample. In this way,
the detector (and to a lesser extent, the chamber) contamination is
greatly reduced. The original Cartesian diver as applied to alpha
spectroscopy was first described by Sills and olson [2]. Recoil
contamination was reduced over a factor of 1000 with a loss of only 1
-2 keV resolution. A negative 6-volt back bias, coupled with a 12
[ig/cm^ of air absorber, was used for this original work.

Alpha Decay and Recoil Contamination

Alpha (a) decay is a primary mode of decay among some very light
radionuclides, some radionuclides of the rare earth elements, and for
many radionuclides of the elements of Z>82. In a decay, the radioactive
atom emits from the nucleus two protons and two neutrons in the form
of an alpha particle. The alpha particle is a helium nucleus without any
electrons; consequently, it carries a charge of +2. After the alpha
particle is emitted, the daughter atom has a charge Z' = Z-2 and a mass
A' = A-4, where Z and A are the original charge and mass of the parent
atom. Using 241Am as an example:

241 Am > 237Np + 4cc+2 + (y rays)

The decay energy, Q, is equal to the difference in mass between the
parent atom and the daughter atom and a particle. This reaction energy
can be computed by using the conversion factor for mass into energy as
shown:

Q = (Mp - MD - a)amu * 931.48 MeV/amu

and

Etotal = EQC +
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For the 241Am decay, the corresponding energy is therefore:

Q = (241.056823 - 237.048168 - 4.002603) * 931.48 = 5.637317 MeV

The total reaction energy is divided between the daughter atom and
the a particle. As both energy and angular momentum are conserved
quantities in nuclear decay processes, the energy is apportioned relative
to the masses of the atom and a particle. Furthermore, the daughter
atom and a particle energies are in opposite directions. Calculating the
energy imparted to each:

Eoc = Mp * Q / (Moc+ MD) and Erecoil = ex Q / (Ma+

For 241Am, these energies correspond to Ea - 5.544 MeV and
= 0.094 MeV. While the daughter nuclide's energy, E r e c o j | , is

much less than the a particle, it is much greater than the chemical bonds
(1-5 eV) holding the atom in the sample.

When the atom is ejected from its lattice position in either an ionic
or covalent bonded solid, it is often stripped of some of its valence
electrons. This results in a positive charge on the recoil atom, or more
properly, the recoil ion. It is interesting to note that alpha decay for Rn
nuclides result in negatively charged recoil ions because for a free atom,
the effect of the alpha decay alone is to leave the daughter atom with
two extra electrons.

Most recoil contamination results from the production of short-
lived alpha-emitting radioactive daughters. These short-lived progeny
are produced directly from alpha-emitting parents or indirectly from
short-lived beta-emitters that are produced from a longer-lived alpha-
emitting parent. It is the short half-life of the daughter nuclide that
results in a significant number of decays while the sample is in the
chamber. Recoil ions result from all alpha decay processes, however,
longer-lived nuclides do not have numbers of decays during a normal
counting period sufficient to produce significant amounts of
contamination.

s The most serious contamination results from recoil atoms with half-
lives from a few days to a few months. These radionuclides can
seriously contaminate an alpha detector if the parent activity is high and
the resulting contamination persists for a long time long enough that
waiting for the detector and chamber to decay to ambient background
levels requires an unacceptable time.

1145



The resulting contamination affects the precision of the
measurement because the uncertainty of the background may be high
relative to the net counts from the sample. The contamination degrades
the measurement sensitivity because the detection limit is a function of
the background counts in the chamber regardless of whether the counts
are from ambient background or contamination.

Depicted in the figure 3 are the alpha particles and recoil ions
emitted from the sample. Both particles can move freely towards the
detector in a pure vacuum. However, if air or some other gas are left in
the chamber, the particles interact with the air molecules, primarily N2
and O2.

Figure 3 - How Cartesian divers reduce recoil contamination

Recoil ion (positive charge)

N2 molecule

O2 molecule

Alpha particle

At fairly low pressures, the alpha particles are energetic enough to
reach the detector unimpeded. The recoil ions are more massive and less
energetic. They are slowed by successive collisions with the air
molecules. These collisions alone are not sufficient to reduce
contamination. However, if a small negative bias is placed on the sample,
the resulting electric field lines will attract the positively charged recoil
ions and focus them back to the sample (where they belong!) thus
reducing contamination to the detector and chamber.
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How do Cartesian Divers work?

The simplest type of pressure and vacuum gauges are based upon
the open tube manometer. The mechanical Cartesian diver is a variant of
the manometer. The device regulates the pressure using a float, that
contains mercury and air, in a mercury column. As the pressure
increases on the top of the column, the float sinks and opens the
vacuum line. If the pressure decreases, the float rises, closing the
vacuum line and interrupting pumping to a chamber.

These mechanical Cartesian divers are not calibrated and therefore
require an accurate analog or digital gauge for measurement of
pressure. The ratio of air to mercury in the float must be adjusted by
tipping the float to decrease the amount of air. This trial and error
calibration procedure must be performed manually for each chamber to
be properly regulated. Furthermore, the glass manometers are fragile
and the potential for a mercury spill in the laboratory is very real.
Personnel exposure to mercury is also difficult to eliminate totally. Any
time an alternative pressure setting is desired, the float must be
recalibrated.

Calculating the desired pressure is related to the air thickness and
path length from the sample to the detector:

p (|J.g / cm3) = thickness (jig / cm2) / distance (cm)

For dry air, p = 1292.9 ,ug / cm3,

so P (mm Hg) = p (jig / cm3) * ( 1 + 0.00367 T (°C) ) * 760 / 1293

Recoil ion (positive charge)

N2 molecule #

O2 molecule #

Alpha particle a

Figure 4 - Pressure vs Distance 0-20 torr
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Sample-to-detector distance is shown as a lunction of pressure
required to attain a desired density of absorber. The density is
calculated as the desired air thickness of 12 or 16 ,ug / cm2 divided by
the distance.. The pressure in the chamber can then be calculated from
the formula above. Note that for small detector to sample distances, the
air pressure required may be as high 100 Torr.

Figure 4 shows the Pressure vs. Distance data expanded for up to 20
Torr. Figure 5 displays the range to 100 Torr.

Required Air Pressure vs.
Sample/Detector Distance

12ug/cm2

. 16ug/cm2

2.0 4.0

Distance (cm)

6.0

Figure 5 - Pressure vs Distance 0-100 torr

A Better Idea: The Electronic Cartesian Diver

Having mercury in the laboratory presents a safety hazard. The cost
and time required to set up and calibrating mechanical Cartesian diver
systems have discouraged their use in many laboratories, only a few
laboratories use such devices for this reason, even though the benefits
have been known since 1970.

The OASIS system provides a unique innovation, the electronic
Cartesian diver, the most advanced computer-controlled vacuum system
ever available for alpha spectroscopy. These vacuum sensor devices are
capable of fast and accurate pressure readings from less than 100
millitorr to atmosphere. The precision over the entire range is about 5%
relative. This translates to a vacuum reading of +1 Torr at 20 Torr and +
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5 Torr at 100 Torr. The fast response of these devices allows the
vacuum to be pulsed at very short intervals to attain the desired vacuum
set point.

Software Innovations

Database tables contain system, hardware and sample specific
information. Calibration standards are entered permitting automated
energy, shape, and efficiency calibrations for each chamber. Tracers are
also maintained in a system database table. Procedures define how the
samples will be counted and analyzed. Both region of interest or library
directed analysis can be performed following either a tracerless or tracer
methodology. A variety of peak integration, recalibration, and detection
limit calculations are included, other system database tables maintain an
unlimited number of calibration records to be maintained for each
chamber. Efficiency records are maintained for any sample / detector
geometry.

The sample database tables include customers, batches and samples.
Samples may be associated with a customer for reporting purposes. The
batch allows samples, that have been chemically processed together, to
be grouped so that blank or tracer blanks may be designated for
background subtraction. Either the background or blank may be used
for detection limit calculations. The sample database table contains all
of the information about a sample including identification, type, and
dates of collection, acquisition, and analysis. The sample is assigned a
type, such as background, blank, unknown, energy calibration,
laboratory control sample, or tracer blank, to direct the analysis and
storage of results.

Routine operation of the system is simple. Sample data are entered
into the sample table. The sample (already having been processed) is
assigned to any free chamber. Assignment is done using a drag and
drop method that involves clicking on a sample identification and
dragging an icon to an available chamber. Automatic assignments are
also possible. The chamber is tagged indicating the sample is in place
and ready for counting. Tagging may be done on the front of the box
or through a barcode option. The automated procedure counts and
analyzes the sample.

A network option allows sample data entry, procedure, standards,
tracer, batch, and customer records to be managed from any computer
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station on the network. Previously acquired samples can be reviewed
and reanalyzed interactively for method development off-line. Quality
control can be performed by the resident statistician in their of fice. All
of this while up to 240 samples are being processed on the oasis
hardware.

The computer-controlled hardware monitors detector leakage
current, vacuum levels, bias voltage, ambient temperature, reference
voltages and more. These parameters may be included for quality
control tracking with the optional QC/SPC software, other options
include a nuclear library database manager and complete library of all
known alpha emitting nuclides and their radiation.

Conclusion

OASIS provides many features to automate the alpha spectroscopy
measurement process. System managers can predefine each analysis
procedures to be performed when the analysis is complete. Multiple
procedures can be run simultaneously across the system. Because the
procedures reside in the database, you only build the procedure once
and all alpha spectrometers share the information. In addition, tracer,
standard, and hardware data are similarly maintained, once these records
are entered, they can be selected from a list for use in the analysis. By
using the relational database structure underlying oASIS, information is
logically maintained. As a result any sample can be run on any detector
with any procedure, tracer or standard and the results will be consistent
and accurate.

Because the sample is the most important part of the measurement
process, oASIS uses a sample-centric design that simplifies operation,
once the sample information is entered, all parameters needed for the
acquisition and analysis procedure are specified. Place the sample in the
chamber, press the TAG button or swipe the sample barcode and door
and walk away.
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