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base bar at one end and the four rod electrodes at the other
end. Each arm can be treated as a loaded Xx/4- resonator and
the base bar as the common ground. The resonator cells are
coupled through the mutual inductances of the arms, the coupling
and the four which correspond to a
transmission line which capacitively loads the stems.

capacitances, rods,
Therefore, the resonator can be described as a coupled muiti-cell
System13 shown in fig. 3, which can predict the rf properties.
This system has a number of different modes, for instance n-0
and O-O rrodes. For tre w-0 mode, the operating mode, the
neighbeur . cells  resonate 4—Rod
electrodes are excited to provide the required electric field. If the
four rods have modulated longitudinal section (e.g. with the shape
of trapezoidal or small vanes as shown in fig. 4}, there are not

in opposite phase and the

only radial and azimuthal gquadrupcle fields out alsc axiat field
components, which can be used for acceleration. With such an
electrode cross section not only the basic quadrupole term will be
excited but alsc higher multipole terms. Because their influence
can be reglected for most applications, only the basic terms can
be taken for the design calculations as if the rod electrodes
would nave ideal hyperbolic cross sections.
Tha 0-0 mode corresponds to a resonarce for which ail the
there is no
circuit both  the
frequencies of -0 and 0-0 modes can be derived:
0 o=0E (1FFK )/ (1+F Ko +2C Ko /ND)
WEGFwE (1-FK, )/ (1-FK )
where  wZ=2L/((C+2DNL7-MZ)) K =M/L, K = 2D/(C+20)
and F=1-1/M

The specfic impedance ¢ can be calculated according to the
14,

cells are in phase and voltage between the

electrodes. From the equivalent resonance

current dist~ibution along the split rirg arm
o= 1BLgS sin®p/ INRL(1+KS) (CordQsinZe /N ))
Q= Zuggle/ (RGIHKS) ]
Whare Ly, Cp are aquivalent impedances, R, is the specific
resistance and S the length of the splitring or spiral arms. These
formulae have been used to analyse the rf properties and
optirrize the integral sglitring RFQ.
For the purpopse of ion implantation, adiustable output energy is
preferably considered. One way for this is to vary the operating
frequency. for this RFQ

structure with a short circuit bar to change the effective length

Trere is the possibility to realize it

of the arm, corresponding to change the inductance and
capacitance of the cell In fig. 3. Since the rf structure is
integrated and is adjustable in the cavity tank througn strms, it is
corvenient to assemble ard to align the RFQ structure outside the
tank® 1 addition the imegrating of arms has greatly improved the
rigidity of the rf structure. If it is necessary to further improve
the 1 dity, a number of pairs of conducting bars can be added to
the arms in phase, and there will be only a litde influence on the

operating mode.
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Fig.3 Equivalent curcuit of an Integral Split Ring RFQ
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To investicate the properties of the integral sglitring RFC
experimentally a series of full scale models has been made and
measured. The models are made of copper and aluminium. The
diameter of the cavity tank is 50 cm. For different purposes
there are three groups of measurement to be carried out.

The first group of measurement is to study the basic properties,
such as the electric field distributior, operating frequency fno'
values of Q and ¢ and their dependance on the number N and
length S of the split ring "arms”, and of electrode aperture
radius a. In the measuraments the electrodss are cylirdrical rods
with conical varying diameter from 1.2 to 2.4 c¢cm and a constant
periodic iength of 2.4 cm. The length of the rods is 66.4 cm and
the diameter of the splitring tubes is 2.2 cm. The electrical
method.

fields were measured with the bead perturbation

Results are listed in table 1. The cata show that the integral
splitring RFQ is suitable to operate below the frequency of 100
Mz, even ceiow 30 MHz, while keeping the mechan.cal rigidity.

The rf structure has been asserrbled and fixed by screws only,
without any soldering or brazing. This allows simple variation of
parameters but will increase the rf power losses even though the
rode

confirmed

values measured are still acceplable. From the data it can be
frequency @ of the cperating

that the o
aecreases with increasing lengths of S of the splitring arms and
decreasing electroce aperture a. This can be explained easily by
the corresponding capacities and inductivities in the formula for
the frequency oo
fo determine the length of arm for the high power and bearn
test resonator, RFQ structures with different length of arm havs
been measured. The split ring rf structure is always the same
(tube diameter 30mm). The results are listed in table 2.

In the measured range of the arm lengthes, an emprical linear
forrmula has been found {see lable 2), whicn fits the experimental
date very weli. With the Jjormua the arm length car be
determinad to reach the designed opsrating freguency through
interpolation.

To irvestigate the rf properties of the variable frequency
structure with small vane electrodes, a serious measurement
has been carrried cul. The longest arm length is 84.5 om, then
the arm can be shortenad by moving a short circuit bar (see fig.
5): The preliminary results are listed in tabie 3. U demonstrates
that with reducuing arm

length  Se. frequency f_ . can be

increased, while p value i decreases. For small :hanges of the
freguency the efficiency is nearly constant.Therefore, this can
be used to adjust the rescnance frequency. For larger changes
of the frequency the problerms are not yet solved. in this group
of mreasurement. a supporting ring was added at each end of the

eiectrodes. The ring combined the long cpposite cantilevered

Fig.4 Conically shaped Rod electrodes



electrodes and made them mechanically more stable. The result

showed that the ring will make only fT[ a little lower {(comgpare

0
table 3 with tabie 2 for arm length of 84.5 cm). Therefore, it will

se adopted for the test resonator.

Fig.5 The RFQ with a short curcuit bar

Test Resonator
Cold measurement showed that the integral splitring RFQ seems

well suited to ocerate at low fregquency and offers the possibility

to adjust e frequercy. For further studies of this type of RFQ

onatzr for hgh power and beam tests has been desigred
ard is being constructed now. The mechanical structure Is rmade
flexible. For example, the smal vane electrodes and arms can be
exchangerd, because they are assemblec and fixed by screws
Therefore we can use different

ring  or brazing).

‘neluding unmodulated ores for the high power tests.

- better value of ¢ of the test resonator than that of

we will improve rf contacts. To study the rf property of
e ~esonator in case of high duty factor the electrodes and arms
e cooled by water. We will further optimize the RFQ structure
for tre high Mz 50kW

power  test with the existing 206

this purpose bearn dynamic calculaticns rave been done to

2 the acceleration of heavy ions with the RFQ. Input values

26 MHz T o=
The length of electrodes is limited by the

35 keV and a specific charge of

© (N jons).

< with a lengts of B0 cm. The calculated resulls

gth of 87cm, electrode voltage of 70kV,

2V and a transmission of 95% up o an

inn curceat 5 omb,

Conclusicns

it prefiminacy stucy of the integral splitring RFQ including rf
strecture, zold measursmernt, equivalent circuit and beam dynamic
RFQ

v ions at low frequency. It nas the advantage

calzuiatons showsd  that  this zeems  well  suited  for

sration of he

good  stability, acceptable efficience and

ranufacture, We will build an R¥Q resonator for a
Rl powse lest with the existing 20 Mba, 50 €W transmitter.
- . +

~en a bearn test will be precared to accelerate N to 300 keV

with the integral spitring 3
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No N ) a fm) Q o
L] [mm] {MHz] [kQdm3
! 8 44.2 5 41,30 1639 g1
2 6 44.2 5 37.88 1812 95
3 4 442 5 33.15 1517 110
4 &) 116.0 7.5 24.01 1086 169
5 6 116.0 6.5 23.03 1028 180
) [§] 1.0 5 2154 1018 197
7 4 179. 7.5 16.27 1261 244
8 4 179.0 5.5 15.54 1233 236
g 4 178.0 5] 14 67 1202 190

Table 1 Measured rf properties versus parameters.
Diameter of the tank: 50 cm, N = number of arms,

S = length of arms, a = radius of aperture

S leml 84.5 107.8 1351 179.9
fro [MHz] 26.27 21.54 18.4 14.85
fro® [MHz-cm) 2222 2322 2451 2672
fKOS* [MHz-cm] 2218 2327 2455 2666

Tavle & Freguency fno versus length of arm. N = 6, a = § mm

"Caleulated by 1,5 = 1820 + 4.7 S [IMHz-eml

No N Se a fTw Q o]

Lol [ram] gz [kam]
1 5 29.5 9 40.82 2 239
2 6 39.5 <} 36.51 1217 101
3 & 49.5 9 33.38 M3 102
4 6 4.5 3 28.62 1022 132
5 5 74.5 G 2615 1046 135
o] 6 84.5 9 2479 1078 154
Table 3 Measured results of variable frequency.

Diameter of the tank: 50 cm
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