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Abstract

An introduction of a heavy-ion rotating-gantry is in progress at Heavy lon Medical Accelerator in Chiba (HIMAC) to
realize a higher precision cancer therapy with heavy ion. A scanning irradiation method will be applied to this gantry
course with the beam energy from 430 MeV/u to 48 MeV/u. In the rotating gantry, a horizontal and vertical emittance is
coupled by its rotation. To maintain the circular spot shape at isocenter without depending on the gantry angle, it is
necessary to achieve the symmetric phase-space distribution for the horizontal and vertical at the entrance of the rotating
gantry. Therefore, it is necessary to compensate the emittance, which has different size between the horizontal and vertical.
We considered using a thin scatterer method to compensate the emittance. After consideration of the optical design for
the emittance matching, the scatterer device was located in the high energy beam transport line. In the beam
commissioning, we confirmed that the symmetrical spot shape is obtained at isocenter without depending on the gantry

angle.
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Figure 1: Beam emittance of the slow extracted beam
from the HIMAC synchrotron.
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Figure 2: Horizontal beam profile at the phase advance
of nxw rad from ESD. (A) and (B) show the profile after
passage through the scatterer with pux= (n+0.5)xn rad
and px= nxx rad, respectively.
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Table 1: Specification of the Matching Device

Beam energy 430 — 48 MeV/u

Scatterer material Polyimidefilm (Kapton)
Scatterer thickness 15 um
Rotation angle 0 — 60 degree

Rotation speed 100ms / each energy steps
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Table 2: Calculation Conditions of the Particle Tracking

Beam energy [MeV/u] 430

Scatterer material Kapton
Scatterer thickness [nm] 30

Particle number 10000

(ex, ey) at ESD [rmm*mrad] (0.106, 0.755)
(px, py) from ESD [rad] (1.5m, 3.57)

to scatterer
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Figure 3: Phase space distribution just before and after the scatterer by the particle tracking calculation.
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Table 3: Beam Parameters Before and After the Scatterer

430 MeV/u Before SCT After SCT
Bx, By)  [m] (461.0,2.0) (62.30, 1.97)
(0x, ay) (-54.76,-0.41)  (-7.34,-041)
(ex,ey)  [mmm-mrad] (0.106,0.775)  (0.787,0.787)

55 MeV/u Before SCT After SCT
Bx, By) [m] (39.2,2.0) (11.0, 1.84)
(0x, ay) (-2.48,-1.11) (-0.69, -1.02)
(ex,ey)  [mmm-mrad] (0.82,2.70) (2.93,2.93)
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Figure 4: Horizontal beam profile with various phase
advances from the scatterer.
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Figure 5: Transition of spot shapes at iso-center by
changing the scatterer thickness. Gantry angle is set to
- 45 degrees.
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Figure 6: Iso-center spot shape with various gantry
angles. Average spot size is about 1.75 mm at 1o in case
0f 430 MeV/u.
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