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Development of 1291 AMS for the LLNL Spectrometer

I, D, Proctor, J. R. Southon and M. L. Roberts

Center for Accelerator Mass Spectrometry

University of California/Lawrence Livermore National Laboratory
Livermore, CA 94551

The Multi-user Tandem Laboratory at LLNL was designed to be a versatile

facility which could be configured to develop new capabilities as determined by the

requirements of sponsoring agencies and experimental programs. The initial design

made some compromises, driven by both the usual budgetary constraints and

uncertainties in program needs and support. We were recently funded by the Office

of Arms Control in the U. S. DOE to develop an 129I AMS capability. The first 129I

measurements were performed this year after upgrades and modifications to the

initially installed components were completed. The configuration of the present

spectrometer and performance achieved to date will be described. Planned

improvements to the injector and high energy spectrometer will be outlined.

This work was performed under the auspices of the Department of Energy at tl_e

Lawrence Livermore National Laboratory under contract W-7405-Eng-48.
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1. Introduction

The AMS spectrometer at the LLNL tandem laboratory has been previously

described [1] and will only be briefly described below. This system is used by several

research programs, and support is provided by a wide variety of sources. The

spectrometer is in a continuing state of development for enhanced throughput,

reliability and accuracy. Changes are incorporated only if they do not adversely

affect any other part of the experimental program. Modifications to the

spectrometer for AMS operation above mass 41 will be described and results to date

summarized.

AMS analysis of 129I was first reported by Elmore, et al. in 1980 [2]. This report

confirmed that 129Xe was not a serious interference problem. Other authors [3-6]

have addressed various schemes to remove interference from 127I tails and light

elements resulting from compounds injected as negative ions at mass 129.

Applications and scientific interest in analysis for 129I include hydrology and

nuclear waste repository integrity [7], formation and migration of petroleum

reservoirs [8], dosimetry of nuclear accidents, and arms control/non-proliferation

issues.

2. Spectrometer Modifications

Full activation of the original design [1] to include 129I operation for the AMS

spectrometer required some additions and modifications. Larger magnet power

supplies were required for full excitation of dipole elements, a TOF detector was
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fabricated to separate the 127I tails and a recirculating gas system for optimum

thickness to strip low energy Iodine was installed in the terminal.

The magnet power supplies for the injection magnet (r=50 cm, ME/Z2 - 7.5) and

Wien filter (1 m length, 5 cm gap, B=0.3T, V---120 kV) were upgraded by adding

stacked Hewlett-Packard I kW switching supplies to give adequate B fields for 129I

analysis. The two large (r=139 an, 6.4 an gap, ME/Z 2 = 100) high energy dipoles,

built by the HEPL at Stanford in the 1950's, require a power supply of 860 A at 60 kW

for full excitation. We used four supplies which could each deliver 860 A at 40kW

and individually power each dipole coil. The magnetic fields of all dipoles are

monitored by Hall probes and stabilized to 15 bit precision under computer

generated feedback [9].

The TOF detector system has a flight path of 1.1 m between the start and stop

detectors. Standard NIM electronics are used to condition the various signals. The

TAC stop signal is generated by a 2.5 an diameter channel plate electron multiplier,

mounted normal to the beam direction, that detects electrons produced by the beam

in a 10 _g/cm2 carbon foil, then reflected through 90 degrees by an electrostatic

mirror. The TAC start and energy signals are produced from a 300 mm 2 Si heavy

ion detector operated with a bias of 15 kV/cm to minimize charge collection time.

In our present configuration, using the 5+ charge state at 3.2 MV, timing resolution

is typically 700 ps with an overall efficiency of 50% primarily due to outscattering of

ions from the carbon foil and grids. We plan to add a second electron detector to

improve the timing, then use a larger E detector and shorter flight path to improve

. the efficiency.
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The stripper uses a terminal gas recirculator similar to other implementations [10].

We use a 170 l/s Alcatel turbo pump directly powered from a reduced voltage tap on

one of the 400 Hz alternators, thus giving an effective pumping speed of about 100

I/s. The gas stripper system developed a small SF6 leak one week after installation

and before it was operationally tested with beam. This "leak" was eventually

localized to diffusion through the power feed on the turbopump. It had not been

identified in a static test to 150 PSIG with He before installation. During the first test

with beam, we found that the baffles in the stripper box were inadequate. More

baffles were added and the stripper system became operational in June of this year.

The maximum effective argon gas thickness inferred from measurements with 13C

[10] is about I _g/crn 2. This is completely adequate for 129I operation, but about a

factor of two low for 14C.

3. Experimental Results and Discussion

A detailed description of contributions to backgrounds for 129AMS analysis has been

described [3] and the LLNL system configuration, with the modifications described

above, has also been reviewed [1]. We will present a one year chronological

summary of 129I development at LLNL based around our existing inflection system

which does not have an energy dispersive element.

Because of the difficulties encountered with implementing the gas stripper and

recirculator, initial studies were performed with foil stripping using our standard

5_g/cm 2 foils. The 7+ charge state gave the highest yield at 38 Mev, the maximum

rigidity we could analyze, and had no strong or obvious interferences in the
0

detector. After' or_e iteration with the E detector and fast timing electronics, we

achieved 550 ps time resolution and adequately separated the 127I tail from the 129I
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peak. The best blank we obtained with the 7+ was 4x10-13, and this background was

sample dependent in that different samples prepared from the same material

. (various batches of Woodward Iodine in our case) gave different blank values.

We observed that the blank values obtained from different samples scaled with a

peak from a light element produced from compound breakup and having charge

state 2+_ 37C1 is the most likely element to pass the momentum and velocity filters

in this charge state, and if the compound has only two elements, 92Mo is the most

probable second element for injection. 92Mo in the 5+ charge state also has nearly

the correct magnetic rigidity and velocity to pass as a tail to the detector. In this

simple scenario or if the compound is a hydride, when both fragments arrive

together, the sum of their energies is the same as 129I and the slight difference in

energy loss in the dead layer of the Si detector is not enough to separate them.

By changing to the 5+ charge state for analysis, the molecular interference was

removed and the backgrounds immediately tlropped to 6x10 -14. With gas stripping,

the 5+ is more abundant than the 7+, so we continue to analyze that state. To date,

our typical best blank value is 4x10"14, some of which is probably due to ion source

memory. Figure 1 is a snapshot of the data acquisition computer screen showing a

blank target spectrum yielding an abundance of 5x10-14. Planned modifications to

the ion source for better pumping, cooling and baffling are expected to improve the

source memory and blank values.

' One of the applications we are pursuing involves analysis of very small samples

where the total Iodine content may be less than 50 _g. We have performed

preliminary analysis of standard samples with an 129I abundance of 5.2x10 "11and

total Iodine content above 15 _g. The only approach that has given encouraging
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results to date is to simply dilute the AgI into pure Ag powder. Large lmg samples

and the diluted samples agree in the measured abundance down to 50 _tg, where the

small samples begin to give a low ratio and the variation between runs is outside

counting statistics. These very small samples give low and erratic stable isotope

currents. We suspect that leakage current in the stable isotope measuring system is

at fault and are in the process of building a low leakage current Faraday cup and

current measuring system which should give reliable results down to a stable

current of 1 nA.

During the next eighteen months, we will install a second ion source and injector

line with a 75 cm radius, 90 degree electrostatic analyzer between the source and our

present 50 cm radius injector magnet. The injector has a theoretical unit mass

resolution at mass 300 and will be used to investigate AMS analysis of heavy

elements. We plan to field two separate ion sources on this injector, one a Thermal

Emission Negative Source in collaboration with Pacific Northwest Laboratories for

analysis of extremely small samples and the second a sputter source optimized for

Iodine and Chlorine operation.

We have proposed a dedicated heavy element AMS spectrometer which would be

built as a separate beam line using our existing first switching magnet for

momentum analysis. This would allow operation at higher energy to optimize

charge states for heavy elements and also significantly increase the efficiency for

Iodine. This spectrometer would be designed to have unit mass resolution at mass

300.
#

4. Conclusion '
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We have demonstrated an AMS analysis capability for 129I and thus completed the

set of usual cosmogenic isotopes at the LLNL facility. We expect to continue

' development of new capabilities and improve existing ones as determined by the

needs and funding from sponsors.
#
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Figure Caption

Figure [1] Snapshot of the data acquisition computer screen showing a blank target

' spectrum from analysis of the 5+ charge state yielding a 129I/127I ratio of

5x10 -14. The 2-D portion of the display is expanded to only include the

region around Iodine.
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