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Abstract

It is possible to transform the transverse intensity distribution of a charged-particle beam by applying the nonlinear
force of multipole magnets in a properly-designed beam transport line. We have developed a system to make the ion-
beam distribution approximately uniform with octupole magnets at the TIARA cyclotron facility in QST Takasaki. In
these proceedings, the latest R&D results are described on the beam measurement for the utilization of the uniform beam
irradiation. Moreover, it is demonstrated, by particle tracking simulations, that the combined use of octupole and
dodecapole magnets is effective for the improvement of the uniform intensity distribution.
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Figure 1: Example of the beam envelope calculation for the
large-area uniform beam formation by means of octupole
magnets. An rms emittance of 10r mm-mrad has been
assumed in both transverse directions. The effective axial
length and the maximum field gradient of the octupole
magnets are 0.33 m and 1.3x10* T/m?, respectively.
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Figure 2: Two-dimensional intensity distribution of a 27-
MeV/n 2C* ion beam nonlinearly focused with two
octupole magnets. A Gafchromic HD-V2 film was
irradiated with the beam of the order of nA for 1 min. The
lower panel shows the one-dimensional distribution along
the horizontal axis (dashed line in the upper panel).
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Figure 3: Tracking simulation results of nonlinear focusing for the uniform-beam formation. (a) Focusing with two
octupole magnets (field gradient: -3800 m™ and 3500 m™). (b) Focusing with two octupole (field gradient: -3500 m™ and

3600 m*) and two dodecapole magnets (field gradient: 8.0x10° m™® and 1.2x107

magnets (field gradient: -3.0x10% m™ and -7.0x10’

m®). (¢) Focusing with two dodecapole

m™®). The linear beam optics is the same as in Fig. 1 in all three cases.

The lower panels show the one-dimensional distribution along the horizontal axis (dashed line in the upper panel).
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