
Accelerator mass spectrometry programme and related developments
at the BARC–TIFR Pelletron accelerator

P. Surendran a,*, A. Shrivastava a, A.K. Gupta a, R.M. Kale b, J.P. Nair a, M. Hemalatha c, K. Mahata a,
M.L. Yadav a, H. Sparrow a, R.G. Thomas a, P.V. Bhagwat a, S. Kailas a

a Nuclear Physics Division, Bhabha Atomic Research Centre, Trombay, Mumbai 400 085, India
b Department of Nuclear and Atomic Physics, Tata Institute of Fundamental Research, Mumbai 400 005, India
c Department of Physics, Indian Institute of Technology, Powai, Mumbai 400 076, India

a r t i c l e i n f o

Article history:
Received 5 January 2009
Received in revised form 20 January 2009
Available online 5 February 2009

PACS:
07.75.+h
92.20.Td
41.75.�i

Keywords:
Accelerator mass spectrometry
Tandem accelerator
Gas detector
36Cl

a b s t r a c t

The accelerator mass spectrometry programme and the related developments based on the BARC–TIFR
Pelletron accelerator is described. A segmented gas detector and beam chopper control electronics have
been developed for conducting 36Cl measurements. Distinct energy loss characteristics of the gas detector
and beam chopper performance are presented. Also presented are the initial results for the measurement
of 36Cl in standard and samples of unknown concentration.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

The accelerator mass spectrometry (AMS) is a versatile tech-
nique employed in multidisciplinary programmes [1–3]. The AMS
programme at the BARC–TIFR 14UD Pelletron accelerator has been
initiated with major emphasis on the determination of 36Cl concen-
tration in environment in general and water samples in particular.
The system used for AMS measurement based on a 14 MV Tandem
Accelerator including the operational performance of a low energy
beam chopper is described in Section 2. Section 3 describes the de-
tailed detector characteristics. Presented in Section 4 are the results
of 36Cl concentration measurement for various samples.

2. The AMS system

The Pelletron accelerator and the beam line components along
with the detector system developed in-house are shown in Figs.
1 and 2.

2.1. Ion source and beam extraction system

The single cathode SNICS (Source of negative ions by Cesium
Sputtering) was thoroughly cleaned and assembled before con-
ducting the AMS measurements to minimize ‘‘source memory
effects”. Cl� ions were sputtered from a AgCl cathode at 2 keV
Cs+ ion bombardment energy. The extracted Cl� ions were pre-
accelerated (pre-acceleration voltage of 150 kV) and mass selected
before injecting into the accelerator. Typical analyzed intensities of
Cl� ions (sum of 35Cl and 37Cl ions) utilized in the current set of
measurements were up to 10 lA or so.

2.2. Sample details

The blank and the standard samples obtained from Prime Lab,
Purdue University, USA, have been used to assess the beam trans-
mission efficiency through the accelerator and for initial quantita-
tive measurement of 35Cl/37Cl and 36Cl/Cl ratios (Cl stands for
35Cl + 37Cl). Additional measurements were also done using the
AgCl samples, which were prepared from the ground water col-
lected from different locations in South India.
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2.3. The low energy beam chopper

It is not possible to inject more than a few lA of Cl� ions into
the accelerator without beam loading effects. Therefore, the stable
chlorine beam has to be attenuated before injecting into the accel-
erator if the maximum yield from the ion source is to be utilized.
This is achieved by a beam chopper located just after the injector
magnet. An electronic circuitry was developed to control the chop-
per voltage and the time characteristics to obtain the chopping
fraction with respect to the AMS requirements. This chopper main-
tains a potential difference of 300 V between two 12.5 cm long
plates separated by 3.8 cm. The control voltage pulse width values
for chopper ON and OFF periods are 950 ls and 50 ls, respectively,
to ensure that the chopper transmits 1/20th yield of the stable
beam. The control electronics for the chopper is based on an asta-
ble multivibrator which generates 1 kHz pulse to drive a transistor
in switching mode. The chopper ON and OFF time are much higher
than the transit time (estimated to be 138 ns) of Cl-isotopes of en-
ergy 150 keV through the chopper length so that the chopping is
very efficient.

2.4. The accelerator and beam transport

The negative chlorine ions were mass selected by the injector
magnet and accelerated up to the accelerator terminal where they
were stripped by a �5 lg/cm2 thick carbon foil. After the second
stage of acceleration the ions of required energy and charge state
were bent by 90� using the analyzing magnet. The switching mag-
net deflects the beam into the ionization chamber detection sys-
tem connected to the AMS beam line.

The 35Cl and 37Cl ions from a natural sample (AgCl) were trans-
ported through the accelerator and the ratio of 35Cl yield to that of
37Cl was found to be close to natural abundance after the injector
magnet, the analyzing magnet and at the Faraday Cup located just
before the detector. This ensures optimum transmission for 35Cl
and 37Cl. The accelerator was operated in generating volt meter
(GVM) mode to attain the requisite terminal voltage stability. To
achieve this, a new terminal potential stabilizer (TPS) was pro-
cured from NEC, USA, especially for this programme. The two iso-
topes 35Cl and 37Cl were injected alternatively into the accelerator,
and the terminal voltage was varied while keeping magnetic rigid-
ity (Bq) of analyzing magnet, magnetic quadrupoles and magnetic

Fig. 2. Photograph of AMS measurement set up.

Fig. 3. (a) Schematic diagram of segmented gas detector. The size of the mylar
window is 30 mm (width) � 25 mm (height). (b) Photograph of segmented gas
detector.Fig. 1. Schematic layout of Pelletron tandem accelerator and AMS system.
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