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Abstract

The heavy-ion microbeam formation and its application, in the TTARA AVF cyclotron facility, have been realized by
the development of beam phase control technique, which consists of phase bunching in the central region and a technique
for analysis and control of the acceleration beam phase. We clarified the mechanism of the phase bunching, which narrows
the beam phase width in the acceleration condition of acceleration harmonic mode 2. The acceleration beam phase was
obtained simply by measuring and analyzing symmetry of the beam current pattern with changing of acceleration
frequency in the cyclotron, and was controlled by adjusting coil currents of a few trim coils. The heavy-ion microbeam
with a minimum spot size of about 2 pm for the biological applications has been obtained using the beam phase control
technique, and quick change of the ion species in microbeam formation has been achieved by a cocktail beam acceleration

technique in an experiment time.
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Figure 1: Beam optics and picture of the vertical
microbeam formation system using focusing magnets.
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Figure 2: Layout of equipment for microbeam formation
and single-ion hit control system at the TIARA cyclotron
facility.
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Figure 3: Ratio of the energy-gain difference to the peak as
a function of the RF phase. The red line represents the
energy spread for the flat-top acceleration using the fifth
harmonic frequency, and the blue line for the ordinary
acceleration using the sinusoidal wave voltage.
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Figure 4: Measured beam current pattern in the cyclotron
when the acceleration frequency is scanned. The
acceleration phase is lagging in this example.
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Figure 5: Measured beam phase distributions without
phase defining slits and beam buncher.
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Table 1: Ion Species with the M/Q ~ 2.86 for the cocktail
beam acceleration. For calculation of the M/Q, mass of the
stripped electrons and the mass excess of atom were
corrected.

LET

lon MO AM/Q) RF in water

(M/Q) (MHz)  (keV

/pm)

NS | 2.80007  -1.94X 102 17.8210 186.6

20Ne™ | 2.85551 0 17.4750 387.2

OAr4 [ 285391 -5.60x 10+ 17.4848 1143
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Figure 6: (a) Binarized image of the QST logo and (b)
Photomicro-graph of the CR-39 detector etched by solution
after drawing the QST logo with the 260MeV 2'Ne’
microbeam.
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