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Abstract

Advanced particle radiotherapy can be realized by introducing a rotating gantry. However, a rotating gantry for
carbon-ion radiotherapy (CIRT) is not general tool due to its high magnetic rigidity. Therefore, NIRS has been
developed and constructed the rotating gantry for CIRT employing the superconducting magnets, and a beam
commissioning was started on October 2015. A fast 3D scanning-irradiation method will be applied to this gantry
course; therefore, a precise beam adjustment is required for beam commissioning. Based on the transport-line optics,
which includes the emittance matching by the scatterer method, beam commissioning was carried out so as to achieve
the various conditions for realizing the scanning irradiation. As a result, we successfully obtained the high quality
beams which fulfill the specifications requested from a scanning irradiation, and first treatment using the rotating gantry
was successfully carried out since May 2017. This report describes the commissioning results, as well as the problems
and its solutions that occurred during the beam commissioning.
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Figure 1: Layout of the superconducting rotating-gantry.
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Table 1: Matching Parameters of the Optics Design

Entrance of gantry Isocenter
(B, By) (7 m, 7 m) (10 m, 10 m)
(ox, o) 0, 0) -
(kx, py) (3.5n rad, 5.57 rad) (1.5m rad, 2.5m rad)
(Dy, Dy’) (0,0) (0,0)
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Figure 2: Optical design of the rotating gantry.
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Figure 3: Transition of B-function at isocenter by
changing QMOS.
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Figure 4: Spot sizes and shapes at isocenter as a
function of beam energy at gantry angle of 45°.
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Figure 5: Spot sizes and shapes at isocenter as a
function of beam energy at gantry angle of 113°.
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Figure 6: Gantry angle dependence of spot size at
isocenter with beam energy of 430 MeV/u.
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Figure 7: Spot sizes as functions of beam energy and
gantry angle.
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Figure 8: Drift and ripple of the beam position at
isocenter before and after betatron phase correction.

34 AXy=U7iE

AXX =V HEIT 160%x160 mm ZHEMRTHEEHIC
FEHLED LT PATHLE Th D LN BRI TN,
Xy =T EBRGA DAREIT K E£21 [mrad], TBE £18
[mrad] THY . ZOfish & CYERL AT a7 i K G 35 22K
W7z, Figure 9 (XFHFICED AT Y=LV #EZ /KL T
B AP Z PATHNEIZ T 52 E TR 2R RKIZTD
ZEDNTE, 164%164 mm H3EHILD, 7235 Figure 9 O
FHEFIIK P16 [mrad], FEE £18 [mradiZ&VZELL T
WA, BT NI E A RS B 245 K4 D2 LN Al e
Thd,

Horizontal Beam Envelopes

" I
) LT
I/

-0.1450

Vertical Beam Envelopes

0.1450
[m]

\|
\\

1

|
\ 20,2364
S—

-0.1450

Figure 9: Beam envelopes of the rotating gantry on
scanning trajectory.
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Figure 10: Measured result of the inclination of the
scanned beam at isocenter.
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Figure 11: Maximum 2D-irradiation field (lower) and
projection profile (upper) at gantry angle of 45°.
Uniformity of the irradiation field with less than £1%
is achieved.
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