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High Speed Acquisition of Multi-parameter Data Using a Macintosh II CX*

t
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Accelerator mass spectrometry systems based on >3MV tandem accelerators often use multi-

anode ionizat!on detectors and/or time-of-flight detectors to identify individual isotopes through

multi-parameter analysis. A Macintosh IIcx has been programmed to collect AMS data from a CAMAC-

implemented analyzer and _odisplay the histogrammed individual parameters and a double-parameter

array, "The computer-CAMAC connection is through a Nu.Bus to CAMAC dataway interface which allows

direct addressing to ali functions and locations in the crate. The asynchronous data for counting the rare

isotope is sorted into a CAMAC memory module by a list sequence controller. Isotope switching is

controlled by a one-cycle timing generator. A rate-dependent amount of time is used to transfer the

data from the memory module at the end of each timing cycle. The present configuration uses 10 to 75

ms for rates of 500-10000 cps. Parameter analysis occurs during the rest of the 520 ms data

collection cycle. Completed measurements of the isotope concentrations of each sample are written to

files which are compatible with standard Macintosh databases or other processing programs. The

system is inexpensive and operates at speeds comparable to those obtainable using larger computers.
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' 1. Introduction
]

Accelerator mass spectrometry (AMS) determines the concentration of a rare isotope in a =,,
t
! sample with respect to a more common isotope by comparison of the intensities of the two accelerated

ion beams [1-3]. The common isotope produces a sufficient ion beam (nA to tens of IJ.A)for
I

I

measurment in a Faraday cup. The 'ion beam' of the rare isotope, however, is a factor of 1010 to 1015

weaker and must be detected through particle counting. In AMS systems based on large (5-15 MV)

tandem accelerators, generalized beam transports allow the detection of a number of different isotopes.

These systems then rely on multi-parameter detectors, such as multi-anode ion chambers, time-of-

flight detectors, or position-sensitive spectrometers to distinguish the desired isotope from other

particles. The collection of identifying parameters, the integration of the identified particles, and the

comparison of the intense and the particle ion beams iscompleted in the data acquisition

computer/program. Many AMS facilities use data acquisition systems converted from nuclear physics

experiments to their present uses. These systems are often based on 'mini'-computers and require

relatively complex interfaces and support. Other facilities have developed acquisition on 'micro'

computers, but at some cost in speed and versatility. We have recently testec_a Macintosh llcx computer

for collecting AMS multi-parameter data. After trying a commercial acquisition program and finding it

to be restricive, we decided to develop custom software using the Pascal programming language and the

Macintosh Toolbox interface routines.

2. The AMS data electronics

The AMS spectrometer at LLNL/CAMSoperates sequentially' the common isotope is selected

through a 90° injection magnet, and the rare isotope is then accelerated through the same 90° bend by ";,

changing the potential on the insulated magnet vacuum chamber, as described elsewhere [4]. After

acceleration, the ion current of the common isotope is measured in a position-sensitive Faraday cup by

conversion to a pulse stream, so that each pulse represents a fixed amount of charge. A 4 anode
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ionization detector is used for particle identification by specific energy loss. The signals are processed

through the usual pre-amplifiers,, amplifiers, and single-channel-analyzers before being digitized by

the ADC when a coincidence requirement is met. Analog pulse digitization and scaling of various count

rates are done with standard modules in a CAMAC crate (Fig. 1).

The scaler data and, particularly, the digitized ionization data are asynchronous and must be

interfaced to the synchronous computer. A List-Sequencing-(Crate)-Controller (LSC) is used to

transfer the digitized energy signals to a 64K RAM module in the crate whenever the ADC indicates a

completed conversion. The selection of the isotope for injection into the accelerator and the control of

the data collection is done by a sequential timing pulse generator and ancillary gate generators. Tile

sequence can have an almost arbitrary length, restricted only by the 200 _sec settling time of the

isotope selector. For measurements of radiocarbon, our sequence totals 520 msec. The Macintosh Ilcx

computer is interfaced to the CAMAC crate via the MICRON NuBus card and Mac-CC crate controller,

both of which were designed at CERN [5], along with a similar interface to the VME modular system.

This system does not require any software drivers and is extremely fast, with data transfer rates as

high as 500,000 words per second. Ali CAMAC commandsfor as many as eight crates are mapped

directly to the 32 bit address space of the Macintosh processor, so that the writing and reading of data

may be done with simple assignment statements to specific memory locations.

3. Data collection software

Optimization of the detection system for the isotope of interest requires a data collection

program which can compare significant parameters, which is easy to set up and to re-configure, and

" which is robust enough to withstand unexpected data. In order to facilitate tuning and monitoring the

accelerator, the computer should process data in real time and display the results immediately.

However, AMS data collectiorl becomes repetitiveonce an operating mode is chosen. The data acquisition

system must then be simple and consistent. The measurement of hundreds of samples in a few days

requires a system which allows the convenient manipulation of results. Finally, since the operator
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will often spend long hours monitoring the data collection, the software should have a user interface

that neither encourages errors nor is difficult to use.

This data collection program (whimsically called 'Hector the Collector') uses standard

Macintosh interfaces and is compiled as a stand-alone application. As such, ali the 'intuitive'

structures of Macintosh applications (e.g. dialog boxes for opening files or setting variables) are

available. Before collecting data, the program opens a sample list which contains the samples' names,

positions, identifying numbers, minimum and maximum counting times, minimum required counts and

other information. This file is a spreadsheet so that rapid editing is easy. An output file is also opened in

a spreadsheet format to receive the measured isotope ratios and the summarised specifics of the

measurements. The software then downloads programs to the list sequencer and the liming generator

and initializes the registers of ali the modules in the CAMAC crate. During data collection, the program

continuously updates the screen .(Fig. 2) with the displayed parameters while periodically servicing

the crate. Finally, it saves the summarized data to a file which can be read by a companion data analysis

program. This data can also be manipulated using spreadsheet programs, or exported to graphing

routines to aid in diagnosing the AMS system.

Two routines form the core of Hector: an event loop and a data collection routine. The event loop

responds to user events such as keystrokes and mouseclicks, lt controls the interaction of the operator

with the displayed data, the storage of data, the selection of a sample, and the starting or stopping of the

collection, as suggested by Fig. 2. The data collection routine retrieves and sorts the data, automatically

halting when the preset conditions on time and counts have been met. The routine is called repeatedly in

the event loop and in every procedure that takes longer than 10 ms to execute. The routine services the
v

crate, however, only if the data collection flag is set and the internal timer ia the computer indicates

that a collection sequenceis about to end. The computer then directly polls the crate to see if the

sequence is in fact over. The collection routine reads the data from the CAMAC memory module into the

appropriate structures within the computer, and the crate is reset so that it can execute another

sequence.
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The program's screen isa single window of two histogram displays, a stripchart, a text area and

the control buttons (Fig. 2). The two para,'_eter histogram is associated with a 128 x.128 array of

integers; which displays the energy loss in any one anode versus the total energy loss. The parameters

actually occupy a space of 1024 x 1024 possible values,which is prohibitively large for storage and

display. Instead, data is clipped to 512, 256 or 128 channels and/or compressed into the array. The

user may change the scope and clipping at any time for a larger range or higher resolution, but doing so

erases the contents of the histogram. A "FatBits" control is provided to magnify a selected area without

affecting the data. The user may also set an integration area (a "gate") on this histogram by "painting"

it in with the mouse. The gate is represented internally as a 128 x 128 array of boolean values, which

allows the selection of arbitrary continuous or discontinuous regions. The single parameter histogram

displays one of five data structures resident in memory: the 4 anode energy losses and the total energy

in our present detector. The display shows anywhere from 32 to 1024 channels, its scope being

controlled by "Zoom" and "Show All" . The vertical scaling is controlled either automatically or by the

user. A range of histogrammed counts is summed by clicking on the "Select" button and then on the

boundaries of the desired range, which is redrawn in red with the sum of the counts displayed below.

The stripchart is not associated with any data structure, and exists solely for diagnosing problems with

the accelerator. Elements of the stripchart represent the average current during a single period of the

common isotope collection. The text area shows data about the sample in the ion source, the limits for

automatic termination of data collection, and the updated isotope measurements. Finally, the control

area has buttons that are not linked to displays. Go and Halt control non-automatic data collection. The

Save button summarizes the current measurement to disk, and the New button loads data from the

sample inforrnation file when the sample is changed. Ali the buttons become grey _nd inoperative

whenever their associated function is disabled.

m

3. Performance measures

The total acquisition system was tested with a scintillation detector and a 6°Co source, so that
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count rates could be easily changed over a wide range. Typically, the program caused al0 ms delay

between collection sequences for data transfer from the crate at, low count rates, as shown in Fig, 3.

This cilanges the total efficiency for detecting the rare isotope by 1.6% to 84.9% (Fig, 4). The data

transfer time increases by 11 _s per analyzed event, and this computer-related total dead-time is less
db

than 10% up to count rates of 5 kHz. However, the18% dead-time of the ADC's at that rate is more

serious. Although the software had been originally designed and maximized for AMS measurement of

radiocarbon at <1 kHz rates, the system is flexible enough to detect other isotopes, such as 36CI with

an intense 36S contamination increasing the particle load to 10 kHz. In routine use for radiocarbon, our

throughput has increased and operator mistakes have decreased.

4. Future directions

A re-work of the software is planned to make more of its operating characteristics available for

modification through menus and dialog boxes. In particular, greater functionality will be implemented

for the timing generator, and options for reading data into the memory module from other digitizers

(e.g. a time separation digitizer) will be added. Sorted histograms will be saved to files when desired.

Operation on larger or rnultiple screens is also possible. Once our ion source has been modified for

fully automatic operation, the software will request samples and detect the source position through

CAMAC registers. Connections to the computers which control the accelerator are also possible through

such registers [6]. Since these functions impinge very little on the data collection routine, the

efficiency of the program should not diminish. More sorting options may decrease this performance,

but several versions of the program can be envisaged which are each optimized for different isotopes.

The ease of modifying the Pascal code in the presently well-structured program leads us to expect

satisfactory data collection with Macintosh II systems.
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Figures

1. The schematic of the data acquisition hardware for a 4 anode ionization particle identifying
J

detector. Pulse shaping and selection are done in NIM modules with the digitization and timing

control implemeted with CAMAC modules. Similar modules are available using VME protocols.

2. The single window of the present Macintosh licx data collection software. The 2 parameter

histogram is shown in 'FatBits' mode PlOttingthe energy lost in the 2nd anode versus the total

energy. The single parameter is showing the 3rd anode spectrum and the channel location

function is active.

3, The amount of time required for the computer to service the crate between collection sequences

is shown as a function of both the raw event rate and the rate of analyzed data. A minimum time

of 10 ms is used at low count rates and each analyzed event adds =11 IJ.secto this time, as shown

by the curve.

4. The fraction of time spent collecting the rare isotope data is limited at low data rates by the

selected periods in the timing sequence (here 450 ms/520 ,ms =, 86.5%), The limitation due

to data transfer through the CAMAC to NuBus system is shown by the solid curve as a function of

analysis rate. The limitation imposed by the conversion time of the ADC's lowers this fraction to

the square points.
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