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Abstract alive. In thispaper we describhe resultsobtained from
the acceleration tests whidarted athe end of October,
A new injector system for the RIKEN heavy-ion linac1996 as well as the outline of the RFQ linac.
(RILAC) has been constructed, which consists of a
variable-frequencRFQ and an18-GHzECR ion source.
The RFQ, based on a folded-coaxiaésonatorwith a The RFQ resonator isbased on a folded-coaxial
movable shorting plateacceleratesons with mass-10-  gyrcture[4]. The distincfeatures ofthis folded-coaxial
charge ratios of 6 to 26 at up to 450 keV per charge in tfp_g:Q (FCRFQ)are that it can beoperated in a low
cw mode by varying the resonanequencyfrom 17.7 10 graquencyregion and the frequencyrange is quite large.
39.2 MHz. Beam tests of the RILACand the ring tpe design parameters are listed in Table 1.

cyclotron (RRC)were successfullyperformedwith the
new injector system. The beam intensity from the RRC
as well as the transmission efficiency through the RILAC

2 FCRFQ LINAC

Table: 1 Design Parameters of the FCRFQ

has been greatly improved. Thigaper describes the Frequency . 17.7 - 39.2 MHz
performance of the RFQ and the results ofabeeleration Mass-to-charge ratio (m/q) 6 - 26
tests. Input energy 10 keV/q
Output energy 450 keV/q
1 INTRODUCTION Input emittance 145 mmemrad
Vane length 1420 mm
The RIKEN heavy-ion linac (RILAC) is rrequency-  |ntervane voltage 33.6 kV
tunable between 17and 40 Mz, which accelerates pean aperture radius 7.70 mm
various kinds of ions witlmass-to-charge (m/gatios up Minimum aperture radiusy,) 417 mm
to 28 in a wideenergy range[l]. A450 kV Cockcroft- Maximum modulationrf) 2.70
Walton acceleratorwith an 8-GHz electron-cyclotron  pocysing strengtiB) 6.8
resonanceion source (ECRIS) hasbeen used as the \ax. defocusing strength -0.30
injector of the RILAC. Final synchronous phase 25

(Beam line from the Cockcroft - Walton injector)

DQ : quadrupole doublet
TQ: quadrupole triplet
FC : Faraday cup
SL:dlit

PM : profile monitor
EM : emittance monitor
ATT : atenuator

PP : Phase Probe
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Figure: 1 Schematidrawing ofthe new injector for the
RILAC

In order to increase beam intensities in the RILAC,

new injector has been constructed recently[2], whic

consists of an 18-GHz ECRIS[a@hd a variable-frequency
RFQ linac. This injector was installed in the RILAC
beam line in August, 1996, as shown in Fig.while

keeping the beam line from the Cockcroft-Walton inject
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Figure 2 shows a schematic layout of €RFQ
resonator whose detaise given in thereference[4]. The
resonator is separabliato upper and lower parts, as
shown in the figure. All the vanemerigidly fixed in the
lower part. The upper part containing the stend the
movable shorting platean be removed as wnit. This
separable structur@ermits accurate alignment of the
vanesandeasy maintenance. The lower part of the tank
wall is made of steel (SS400) whose insidgletedwith
copper to ahickness of 100 mm, while the othparts
such as the vanesdthe stemare made of oxygen-free
copper (C1020). The vanesare three-dimensionally
machinedwithin the accuracy of+50 pum. They are
ﬁf the misalignmenteffect on the beam transmission
efficiency into account[6].

The channels for water cooling are arranged based on a

heat analysis. \aterfor the horizontal vanes isupplied

0through the front and rear supports of the vanes. That for
fhe vertical vanesnd the rectangulartube is provided
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aligned within the same accuracy by taking the estimation



through the inside of the upper stem. The total wider The key to the stable operations of this RFQ is the
is 1551/min at thepressure of 7atm. Theresonator is ceramics pillar, which stands the high rf voltage. Figure 3
evacuated by two turbo-molecular pumps (1B8Pon its shows the structure of the pillar installed in the resonator.
both sides. The vacuum stays imaage of 5 - 8 108 It consists of AYO3, whose nominal loss tangent isx2
Torr at a pump head during the operation. 104, welded with copper-tungsten alloy on its bsttes.
This welding is possible becauseboth materialshave
similar values of thecoefficient of the linear thermal
expansion. Since there is no electric field concentration in
the ceramic naterial, it is quite stable even in the

j operation of the maximum voltage. Tipewer loss in
Movable . . . .
‘{ Shorting one pillar is estimated to be 20 W at maximum.
— Plate
/ i - TI_ - 3 ACCELERATION TEST
Upper Stem | Gap Distance 3.1 Preliminary Test
T 60 - 850 mm . . L .
Prior to the installation in the RILAC beam line, we
UPPER PART = Jl testedthe new injector system alone by using Oxygen,
N L— ST Neon, Argon, Krypton, and Tantalum beams[6]. They are
LOWER PART T . R .
indicated bythe closed circles irFig. 4. The maximum
Conduietor = transmission efficiency was 88 % with an8Arbeam of
Tube ™~ Feeder 120 @A y
Base Plae — -
Lower Slem  Ceramics Pick-up  Vertica  Horizontal 100 M08 24 20 10 =
Pillar Monitor  Vane Vane Power limit (40 kW) %
'S
Figure: 2 Schematidrawing ofthe RFQ resonator. The N 75 g
inner volume of the resonator is about 1700 mm (length) £ "~ o)
x 700 mm (width)x 1150 mm (height). % =
+ 8‘
The rf power is supplied through aapacitivefeeder g 504 3
with an rf power source based on an Eimac 4CW50000E, o - 600
which has a cvwpower of 40 kW atmaximum between § 33.6 450
16.9 and 40 MHz. A capacitive tuner for the fine tuning T 25
is placed on the other side of the feeder. = - 300
The resonant frequency varies from 17.7 to 36.2 MHz L 150
by changing the position of the shorting plate bstrake Operated
of 790 mm, when the lower stem is out of tiesonator. 0 I I I I 0
When the lower stem is used, tfrequencyvaries from 15 20 25 30 35 40
30.2 to 39.2 MHz. This result is igood agreemenwith Frequency (MH2)
the MAFIA calculation. On the other harithe measured lons accelerated through 5 SES +RILAC
Q-valuesandthe shuntimpedances arabout half of the O RFQ+RILAC +RRC

MAFIA calculations. Thepower losses estimated from .
the measured shunt impedances are 6 kW at 17.7 MHz a{ﬁ
26 kW at 39.2 MHz for the maximuintervane voltage t
of 33.6 kV in the cw operation.

gure: 4 Performance of the RFQ linac. The abscissa and
e ordinate representhe resonantfrequency and the
intervane voltage, respectively. The output enerdychv

is proportional to thentervanevoltage, is alsandicated.

The hatched areghows the regiorwherethe RFQ has

Conduior Tupe yeried Vm;,ae?oppef -Tungsten Alloy ever been operated in the cw mode. The ions accelerated so
Horizona [ UJ [ Channel eded far are indicated byhe closedcircles, the diamonds, and
V ~ . .
xe Al203 the open circles. The solidcurves represent the
Ce;i?{“'cs i ﬁ P —] (KYAiS;M acceleratiorcondition ofions, each ofwhich is indicated
ar:g‘ e (I,EY by the m/g-value. Theashedcurve shows the maximum
P 4 attainable voltage with the present power source (40 kW).
05 10om (Cross Section) The input beam emittance from the ion source was

Figure: 3 Schematic drawing of the ceramics pillar. measured to be 150 - 3&mm-mrad, whicfdecreased as
the extraction voltage and/or tlebargestates of the ions

942



increased. The output beam emittance was almost Since highlychargedions are availablewith the 18-
independent ofthe accelerationcondition and was in GHz ECRIS, charge strippers are unnecessary for the low-
agreement with the PARMTEQ simulation. energy beams of medium-heavy ions. This is an advantage
The energy distribution of the output beam wasfrom the viewpoint of the beam intensitand the
measured with the electrostatic deflector placed stability. However, the extraction voltage of tleCRIS
downstream ofthe RFQ along with the scanningire becomes quite low for thhighly chargedions, because
probe. The beanenergy was deducedfrom the beam the maximum voltage is 10 kV at present. For example,
position measured with the probe, and the voltaggied the extraction voltage was only 3 kV in the first test
to the deflector. The measured distributiovere found to described above. This low voltage caubad effectsboth
be well reproduced bythe PARMTEQ simulation. The on the intensity and the emittance of the extracted beams.

energy spread of the output beam was ateasuredvith We areplanning, therefore, to raisehe maximum
the same device. The result was 2-3% at FWatld was extraction voltage of the 18-GHzCRIS from 10 kV to
consistent with the simulation. 20 kV in this summer. New vanes are under fabrication so

that the RFQ can accept the upgraded beams.
3.2 Test of the RILAC

The beam matching sectidretweenthe RFQ and the 4 SUMMARY AND OUTLOOK
RILAC consists of two quadrupoledoublets and one We have installed the new injector for tiRILAC,
rebuncher operated ithe fundamentalharmonics, as which consists of tha8-GHz ECRIS and the FCRFQ.
shown in Fig. 1[7]. Theebuncher resonator isquarter- The transmissiorfficiency ofthe RILAC hasincreased
wavelength type with four rf gaps, which is driven by a 1to 70 %. Moreover, wechievedthe beamcurrent of 1
KW wide-band amplifier. A capacitive phase proplaced ppA out of the RRC for the first time.
in the chamber beforehe RILAC, was shown to be  Since the extraction voltage is too low for thighly
important in adjusting the rf phase of the rebuncher.  chargedions, we are planning to raise the maximum
The ionsaccelerated séar through the RILAC with  extraction voltage of the ECRIS from 10 kV to 20 kV in
the new injectorare N3 36ArS* Ar2.4.5% Fe*  this summer forfurther upgrade ofthe beam intensity. It
Kr11.18+ and Xd* at the frequencies of18.0, 18.8, s expectedhat this new injector will play an important
22.3, 28.0, 28.1, 35.0, 36.0 MHz. Tha;e indicated by role in the RI-beam factory pro]ect[S]
the diamonds in Fig. 4.
The transmissionefficiency of the RILAC has 5 ACKNOWLEDGMENTS
increased to 70 %, while the original value for Hemms
from the Cockcroft-Walton injector was 30 %. In the
beamtests, however, the transmissiefficiency of the

injector sectiondid not reachthe valueobtained in the . . .
T ) S : vane design. The resonator wabricated bySumitomo
preliminary tests. This deterioration might come from th . .
eavy Industries, Niihama Work, the rf power source by

small aperture radius ofhe rebuncher. Therefore, about ; L
one half of the ions extracted from the 18-GHz ECRIS arDE?;c')r;?gzo’ andthe ceramicspillars by KYOCERA

accelerated bythe RILAC at present. Nevertheleghjs
overall efficiency is thredimes larger than the original REFERENCES
value of 15 %. The maximum beam intensigyer
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the open circles in Fig. 4. [6] O. Kamigaito et al., Proc. 18th Int. Linear
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the beancurrent of 1 pA out of the RRC for the first [7] (p)..lgir?:llgg%%())-etal., RIKEN Accel. Progr. Rep30,

time, where 20 % ofthe beamextractedfrom the ion [8] Y. Yano, in this proceedings.
source wasaccelerated tothe final energy of 7.5
MeV/nucleon.
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