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Abstract

Influence of the harmonic acceleration system on phase bunching in the central region of a cyclotron was investigated
by the calculation using the geometrical orbit analysis model. The phase bunching effects of reducing the beam phase
width and the energy spread were weakened by the radial emittance growth due to the space charge effect. The weakened
phase bunching effect was improved by the harmonic acceleration with the third and the fifth harmonic voltages at the
first and the second acceleration gaps. The ratio of the harmonic voltages to the fundamental one was optimized to

minimize the phase width and the energy spread.
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Table 1: Measured Beam Phase Width and Beam Current

Condition 4He?t 20Ne”* H+ 30MeV'! H+ 20MeV
107MeV | 260MeV |
h SR S S T )
Phase width
(RF deg) 22.69 5.89 20.68 14.78
Current (uA) 7.86 2.64 13.72 18.4
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Figure 1: Calculated phase width and energy spread before
extraction with the geometrical orbit analysis model for the
20Ne”* 260MeV condition.
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Figure 2: Calculated energy spread before extraction with
the geometrical orbit analysis model for the H" 20MeV
condition.
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Figure 3: Calculated acceleration voltage waveform at the
first acceleration gap for the H 20MeV condition.
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Figure 4: Calculated phase width using the harmonic
acceleration with the geometrical orbit analysis model for
the H" 20MeV condition.
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Figure 5: Calculated energy spread using the harmonic
acceleration with the geometrical orbit analysis model for
the H" 20MeV condition.
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