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Abstract

The AVF cyclotron at the Research Center for Nuclear Physics (RCNP), Osaka University is being upgraded in order
to provide high quality and high intensity beams. One of the improvements is to increase the acceleration voltage of the
injected ions from 15 kV to 50 kV at maximum to enable low emittance and high intensity beam injection. In this paper,
we report on the injection system consisting of a baffle slit, inflector electrodes, Dee electrode tips and a phase slit, which
are necessary for high quality beam injection of ions from the perpendicular injection line to the cyclotron. The injection
system has been studied to minimize the eccentricity of the beam orbit, even when the injection voltage is high and the
inflector is large, and to accelerate the beam with a small phase width using the phase slit and phase bunching technique.
In addition, the design of the inflector was carried out to change the harmonics of the RCNP from 1, 2 and 3 to accelerate
multiple beams, for which a common inflector is available. For the design, the electric and magnetic fields calculated by
OPERA-3d TOSCA were used, and SNOP developed by Smirnov et al. in JINR, Russia, and OPAL developed in PSI,
Switzerland, were used to calculate the beam trajectories to account for the space charge effects.

R HafTo77,
1. [FZL®IZ
KR KA B 92t % — (RCNP) Tl B 18 &

Beamline

WBRO R, Ja—A Bk, ERE RIS (o BREZE
IR L V7 b T — R AR Rk AR E % B o
B —AE A T2 72012 AVE A rabar Ok B
THAET>TWD[1-5], AFEETIL, WRDIH AVF B
A7vkar O AFRIZOW TS,
AFPRORY HUEEA W E[4,5]8852 8T, &t
ZHINLT- 556 CH 2 M BRI LAY — LIR30 %
B SEEDECE =L AR THIENTED, £, M
W= LD Dee EZ 180°0D 1 B 90°D 2
BIZEETHDOT Fig. 1| OIDNTHERBLENE FIT/25,
FIUZHINT D2 D AF R EL T, N7 VAU vk, A
V7V X — Dee FEMRICHHER NAHAY  NEDFK EHE
1Tole, A4 r7aba bR HENDE — LD TR )L
X LBV EARIE T D720 AFEZICE — 2211

Yoke & 2

Gradient Corrector

BICH Y b D ETAAIDHIREZITHNA T 1 —T D
Bl EEIC/2 D, RCNP AVE 13k x 7oA A4 Ff - =%
NF =TS T DT, ~N—F=v71,2,3,6 ThIET S
WBLINH DN, A T LI HE—DRRHIZ LD N T OS5
THIETEXAEHIL ., SHIXAEHDO T 2B LTIz
N7 1,23 OREIZIFEEA 7L X2 —T AN
TEDHIITLTz, REWE — LD FHTILZE M & %)
RAEZBEBIZANDNEDNHHDT, OPERA-3d [6]I124-
TRtESNE=EBEL LG EZHWT, 2y 7 JINR O
Smirnov FCHA3BHFEL 72 SNOP [7,8]&, A A PSI TH
HEh7e OPAL [9)&0FHL CAS 358 — AluE D

# nakaom@gunma-u.ac.jp

Figure 1: Schematic figure of the RCNP AVF cyclotron.
Beamline and Yoke are now existing. Injection system,
acceleration system (including Dees and cavity) and
extraction system (including Deflector and Gradient
Correctors) will be newly made.
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Figure 2: Existing center plug and proposed new center
plug.
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Figure 3: Difference of the magnetic field when the central
plug hole is enlarged and their correction.
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Figure 4: Structure of central region and trajectories of
accelerated ions in several different harmonics. Orbits of
protons of 10, 65 and 80 MeV injected from Dee-S are
shown in (a. Orbits of proton of 10 MeV and “He?" 30 MeV
injected from Dee-N are shown in (b.
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Figure 5: Definition of the gaps and the azimuth of the
phase slit (red line). 5" gap means 1° gap of second turn.

75

=
IS

g
£
=65
S
E
=
[=4
2 60
2
o
<
m
55
50
0 10 20 30 40
RF Phase of particle at gap (deg.)
(a
75
® 1st gap
© 2nd gap
3rd gap
70 4th gap
= ® 5th gap
]
”_i 65
oy
3
=
[=%
2 60
2
<
~
55
50
-40 -20 0 20 40 60 80
RF Phase of particle at gap (deg.)

Figure 6: PF phase of the Dee electrodes and radius at the
phase slit. (a Relation at RF phase at the 1% gap. Orange
line is central orbit. (b Relation at RF phase at the 1% to 5%
gaps. These results are calculated for 65 MeV Proton. The
injected beam is 3 mm X 10 mrad above inlet of the
inflector electrode (70 mm from the median plane).
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