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NATTHAPONG SAENGWISES : DESIGN OF LOW ENERGY NEGATIVE CARBON ION
BEAMLINE FOR ACCELERATOR MASS SPECTROMETER. THESIS ADVISOR
ASSOCIATE PROFESSOR PRAYOON SONGSIRIRITTHIGUL, Ph.D. 78 PP.
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This research is aimed at developing a compact, low-energy negative carbon
ion beamline for accelerator mass spectrometry (AMS) by using existing equipment at
the Synchrotron Light Research Institute (Public Organization) to reduce size and cost.
The beamline is composed of a cesium-sputter ion source, an octupole deflector, an
Einzel lens, and an aperture slit. Three-dimensional models were generated in
SolidWorks in collaboration with engineers from the National Astronomical Research
Institute of Thailand (Public Organization), and ion trajectories were simulated using
CST Studio Suite. Simulation results demonstrate that a 40 keV C* beam can be
focused to an RMS beam size of 2.42 x 2.38 mm2, with an emittance of 8 mm-mrad
(1.6 mm-mrad-vMeV) at the aperture slit, achieving over 99 % transmission through a
20 x 20 mm? opening. A -20,139 V bias applied to the Einzel lens enables precise

focusing of the ion beam at the slit location.

Misalignment studies revealed that the octupole deflector maintains over
99 % ion transmission even with a 2° tilt and a 2 mm offset from the optical axis. In
contrast, the Einzel lens requires much tighter assembly tolerances—offsets no greater
than 0.4 mm and tilts no more than 0.6°—because its strong electric field is highly
sensitive to small displacements, which can lead to beam loss. Vacuum simulations of
the Einzel lens mounting supports also indicated that conductive supports can perturb
the field between the cylinders; this effect can be mitigated by reducing the gap

between them.

The vacuum system was assembled from unused equipment at SLRI, cleaned
with alcohol, and leak-tested using a Pfeiffer Adixen ASM 340 helium detector.
Measured leak rates of approximately 10° mbar-L/s—below the 10® mbarL/s
threshold—confirmed  readiness for operation. The system incorporates
turbomolecular pumps with capacities of 300, 350, and 700 L/s for ultra-high vacuum,

backed by a scroll pump for rough pumping.

Ten high-voltage power supplies from Matsusada Precision Inc. (Japan) were

selected: four units for the ion source, one each for the ionizer and the Einzel lens to



generate the electric field, and four for the octupole deflector to provide independent
X-Y beam steering. All supplies are controlled and monitored via CO-HV/CO-E32 fiber-
optic interfaces, ensuring precise, noise-free operation, and are installed beneath the

table so that the exterior of the vacuum chamber remains at ground potential.

The ionizer heater coil is wound from 0.9 mm-diameter molybdenum-rhenium
(MoRe) wire in a toroidal configuration. Based on Ohm's law and the resistivity
equation, a 20 cm coil length wound in 22 turns on a 2 mm mandrel was calculated
to reach 1200 °C with approximately 150 W of power. Experimental testing showed
that increasing the turn count to 40 reduced power consumption to 70 W while
achieving a maximum temperature of 1370 °C. A 3D-printed tamper was used to press
alumina paste into the gap between coil and ionizer body, producing a 1 mm-thick
insulator layer, though surface unevenness from printing artifacts was observed.
Machining the tamper from aluminum is proposed to improve surface smoothness and
durability.

Overall, the integrated system meets its performance targets—compact
footprint, beam quality, alignment tolerances, vacuum integrity, and reliable heating—
and establishes Thailand’s first in-house AMS radiocarbon dating capability for
archaeological and environmental analysis.
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