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Abstract

An isocentric superconducting rotating-gantry for heavy-ion therapy is being developed at NIRS. This rotating gantry
can transport heavy ions having 430 MeV/u to an isocenter with irradiation angles of over +£180 degrees, and is further
capable of performing fast raster-scanning irradiation. In the treatment using the rotating gantry, it is important to obtain
a circular beam spot at the isocenter independent of the gantry angle. To accomplish this, we initially determined phase-
space distributions of extracted beams from the HIMAC synchrotron ring, and further, matching of horizontal and
vertical emittances using a thin scatterer was performed. We report results of the phase-space measurements as well as

the emittance matching.
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Figure 1: Horizontal phase-space model.
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Figure 2: Phase-space distributions at the entrance of the electrostatic deflector, ESD1, as obtained by the optimization
calculations for the beam energy of E=430 MeV/u. The calculated 2c horizontal and vertical emittances are £,=0.0987

nmm* mrad and 8y=0.775 nmm* mrad, respectively.
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Figure 3: (a) Measured and (b) calculated 2D beam
profiles, measured with the profile monitor, SCN211.
Similarly, (c) measured and (d) calculated 2D beam
profiles, measured with the profile monitor, SCN214.

40 & 6 4 2 0 2 4 6 8 10
X (mm)

A &%Lé IR D E ELEERHWT
ESDI AV HiZ iéumwﬁiwﬁ%\ﬁ%ém
THZENMED, WIZ, ZONFHZEMSMN D~
FUﬁX%%%%wflﬁ%ﬁmbﬁy%V7%%
ZITW, vrrna ba ) UL RIREE~ED
BHICHREINTWDSAE 24 0K/ E—L7 1
Tr7AINVE=HNETD 2R GE—L2T a7 7 AL
REHET D, FHE SN —A T 7 AN EHIE
INTETe 77 A NVDOELETEEVIZGHMIT 5720
QW7 Ty ANEERATHIA %%
Th, 7T A NIKHLTHA _FEE
uﬁﬁ44%#5¢k@5iﬁ\§ﬁm//7V/
J AEEZANWT 8 /8T A —HF Ot =17 > 1=,
Pl o et RS RO —fFl L LT, B— lAJZJ%
JLR—7% 430 MeV ([Z81F 5D ESDI AV OIZEIT D
v — AN AHZE[# 5340 & Fig. 2 1SR, it\ RS
ROELEIEZRHIET A0, (RFENZR 2 & ®7m
T A NE=H| ki%ﬂm7m77%»&#

7000 o 12000 —tTaTL
——AETOTIAI
6000 ——RAETOT7ANL 10000 - AETOI7A)
g £ 8000 |
5 35
> .
& 4000 g
S > 6000
3 3000 g
s © 4000
2000
1000 2000
0 0
-10 5 0 5 10 -10 5 0 5 0
X (mm) Y (mm)
25000 7000
—HEITOTPAIL —&HEIOI7L
6000
0000 g ——EHIOTFL
MEIOTTAL
2 ——RE 74
5000
£
15000 S 4000
£ Eel
ke
5 > 3000
3 10000 - §
z
° © 2000
5000

1000

0 0
0 5 0 5 10 -10 5 0 5 10

X (mm) Y (mm)

Figure 4: Projected beam profiles for the profile monitors,
SCN211 (upper) and SCN214 (lower).
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Figure 5: Phase-space distributions at the entrance of ESD1 for the representative beams having seven energies. The
ellipses for the respective beam energy were obtained by fitting the calculated particle distributions in phase space.
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Figure 6: Rotatable foil holder, as installed in the beam
line. Kapton foil having thickness of 15 um was attached.
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Figure 7: 2D beam profiles after the emittance matching,
as measured with the profile monitor, SCN253. Beam
optics was tuned so as to obtain 1o beam size of 1.0 mm
(upper), 1.5 mm (middle), and 2.0 mm (lower). A beam
energy is E=430 MeV/u.
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