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Abstract

A prototype of C®" injector using a laser ion source and a 4-vane RFQ linac has been developed for a compact
synchrotron dedicated to carbon ion radiotherapy. Ion beams are extracted from plasma and directly injected into the
RFQ. The RFQ is designed to accelerate high-intensity pulsed C*" beam. A solid-state amplifier capable of providing
150 kW was used to power the RFQ. In beam acceleration and energy analysis tests applied less than 100 kW RF power,
C®" ions were accelerated to 0.60MeV/u, and the number of accelerated ions was 1.8 X 10!, Requirements for the
energy and number of accelerated ions for carbon ion radiotherapy system were achieved.
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Figure 1: Photograph of the ion-source and RFQ.
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Table 1: RFQ Specifications [6]

Injection energy 20 keV/u
Extraction energy 600 keV/u
Operating frequency 200 MHz
Electrode type 4-Vane
Charge to mass ratio 172

Tank length 2520 mm
Tank width 487 mm
Tank height 407 mm
Synchronous phase -30 degree
Minimum bore radius 2 mm

Material Oxygen-free copper
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Figure 2: Configuration of the laser ion source, the RFQ
and beam measuring instruments.
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Figure 3: Beam signal obtained after the RFQ and the
dipole magnet without slits.

Figure 4 |Z RFQ & A/ —% /T A—4L T, V1L /
ARZALT 9mT @ﬁizi'a[ 1ERAESEGEDA4
TEER E 5 R a o~ T, A BERTO L R TR
TlX Co, O3l @fﬂﬂ%mvmfw_ E—ARHES LD,
WA BER D7 7T T — 17 TliX 0.6MeV/u Co A
AU RINT DIOBIG R E AR E LT,

4.5><1|:|'m T T T T T
4.0410" HEG e -
‘ FC - : ; ;
3.5¢10'"° | ol .
£ 3.0x10" | .. g—]-9
5 2.510"0 - ;?
B 200" | [ e o
2 1.5<10"° |- .0.2.1 .
= L
10100 |- @
5.0x10°
D.DXIDE' 1 ] 1 1 ]
80 80 100 120 140

Input RF power [KW]

Figure 4: Numbers of accelerated ions after the RFQ. CT
means Current Transformer before the dipole magnet, and
FC means after the magnet. Error bars mean only
statistical errors.
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Figure 5: C®" beam energy distribution measured by a set
of the faraday cup, slits and the dipole magnet after the
RFQ. Error bars mean only statistical errors.
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Figure 6: C>" beam energy distribution.
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