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Abstract 
A 1:4 scaled proton model of a heavy ion RFQ 

has been built up at the Institut fUr Angewandte 
Physik. New experimental results are presented 
together with beam simulations using the 
PARMTEQ-code. Whereas the rf and general 
accelerating properties proved to be satisfying 
as expected, problems arose with mechanical 
adjustment and the beam matching due to the 
chosen phase advance and the effects of higher 
spatial harmonics. The experience was taken 
into consideration for an improved RFQ design 
with higher aot and suggested to build up the 
MAXILAC at GSI without any further model studies. 
Beam simulations show the improvement of the 
MAXILAC design. 

A spl it coaxial resonator has al so been used 
in a recent beam transport experiment. 

Design A - The proton model 

Based on a proposal for a heavy ion RFQ 
using split coaxial resonators (SCR) with drift 
tubes and focussing fingers 1 ) a proton model has 
been operated satisfactorily. Structure data are 
listed in tab. 1. The electrode voltage chosen 
corresponds to 2 times Kilpatrik's limit in the 
heavy ion case. In spite of this high value the 
phase advance is only as high as 150-23°) In 
comparison to our previous reports 2,3,9 the 
following alterations have been made: 
- The drift tubes in section 3 have been 

real i gned, because a former mi sa 1 i gnment 
caused a drop in transmission. 

- A new 1 kW transmitter allowes the operation 
of the proton model up to voltages of 5000 
Vo 1 t. 

- A new ion source with a new extraction system 
together with an Einzellens-system provides 
a higher current in lower emittance at better 
matching conditions. (fig. 1) 

- As opposed to the previous acceleration of 
protons a beam consisting mainly of Hi-ions 
(80%) is now injected directly without any 
mass separation. With the injection energy of 
5 keV and a design rf-voltage of 3800 V 
acceptances remain unchanged for Hi-ions, 
whereas the current limit is doubled. 

The proton model is operated at different rf
voltages to test beam dynamics and to compare 
results with computer simulations. The output 
energy remains nearly unchanged because of the 
fixed velocity profile of the RFQ. Here a new 
synchronous phase is adjusted in such a way that 
V'cos~s remains constant. Simultaneously the 
transverse phase advance agt can be raised from 
the design value of 15°-23 to over 90°. In this 
way the proton model offers a variety of 

Tab. 1 Slruclurc <lala of SCR aeceleral.ors 

prolon MAXI LAC MA,,{ILAC 
model design A design D 

plnr.c lAP I·'rankfurl n~l huill G~I 
ion 11/ U + U + 
rf--frequeney 5·1 MHz 13.5 1111z 13.5 MHz 
aperlure diameler 6 mm 21 mm 12 mm 
(TOl 23° 23° 77° -)36° 
(TO! 45°->16° 45°-)16°-)7° 40° -) 10° 
f3ln 0.23 % 0.23 ~: 0.23 % 
f30ul 1.07 % 2.3 % (1 %) 1.5 % 
lenglh 2.2 m 3[1.6m ([I.0m) 20.4 m 
rf--vollage 3.0 kV 225 kV 146 kV 
eurrenl limit. 0.-1 rnA 15 mA 30 mA 

pos~bilities to test the RFQ-design with diffe
rent ions, input ener9ies and rf-voltages. 

Fig. 2,3,4 and 5 show the measured energy 
spectra behind sections 2 to 5 as a function 

~~c~i~~~~~~g~~ ~~~i~~~ ~~inJn~ il~e~lva~~spect_ 
ively. These energies agree well to the design 
values and can be compared to the calculated 
spectra in fig. 6. For rf-voltages above 4000 V 
(2·design voltage for protons) the energy 
acceptance is even adequate for the accele
ration of protons with the (wrong) input energy 
of 5 keV. Proton output energies are 15, 26, 
42 and 57 keV behind the different sections. In 
addition the beam transport of ions with masses 
at about 18 amu is apparent at about 90 amu·keV. 

Asignificant progress has been achieved in 
beam transmission. In comparison to former 
experiments with protons the transmitted H!
current has been raised by a factor of 3 for the 
first 2 sections with same acceptance. In sec
tions 3 to 5 an additional gain in transmission 
was achieved by real ignment. Here the current 
is 10 times higher than before. Fig. 7 shows the 
transmitted current as a function of rf-vol
tage.The drop with number of sections is caused 
by the reduction of the transverse acceptance 
along the proton model and by still existing 
alignment probl ems due to the modul ar set-lip 
of the resonators. Compared to the injected 
c~rrent we obtained a transmission of 25 % for 
H,-ions behind section 2. 

Althouah the transmitted current was raised, 
the expected space charge limit has nat been 
reached, now being 2 times higher than for pro
tons. PARMTEQ-simulation revealed a significant 
drop in acceptances as well as in current 
limits due to the effects of higher spatial 
harmonics in the RFQ potential compared to 
smooth-approximation results. Such behaviour 
necessari ly occurs with heavy ion accel erators, 
where the phase advances have to be chosen 
small. In addition the source emittance is still 
too hioh to correspond to theoretical current 
limits of formulaes 10,11). Tab. 2 shows theore
tl::al and experimental current limits. 

Tab. 2 Current 1 imits in the proton model 

rf-
vol tage 

4000 V 
6000 V 

theor. 
val u e 

400 )JA 
3000 lJA 

p/\ RI",T[ Q
simulation 

120 ,.I, 
600 "A 

reached after 
section 2 

35 "A 
125 I;A 

Design B - The MAXILAC heavy ion RFQ 

The results of the proton model operation con
firmed the SCR-concept. The rf-properties showed 
good coupl ing between the SCR-sections without 
disturbing rf-modes. Misalignments only locally 
disturbing the RFQ-field distribution do not in
fluence the rf-properties. Matching problems 
h a ve bee n ex p 1 a i ned 1-1 i t h co 111 put e r S i m u 1 a t ion s , 
which showed that the effect of spatial harmo
nics have been too high in the first design. 

Thus it was possible to built up the MAXILAC 
at GSI without any further model studies with a 
new design." (see tab. 1) A higher Oat was cho
sen and the influence of spatial harmonics was 
reduced as well. A shaper section was includes 
raising.the phase scceptance from 276 0 to 294 
at lnltlal ¢ = 81 . The lmproved properties 
of this desian have been confirmed by PARMTEQ-
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simulations'. Fig. 8 shows transverse acceptan
ces before the matching section. Fig. 9 shows 
particle oscillations in energy-phas~-space for 
the current limit case of 9.6 mA (Ar -ions) 
w h i 1 e the 0 r y y i e 1 d sal i mit 0 f 10 mA (t u ned e
pression 0.4) .+In first beam experiments at 
GSI 4 

5 6 mA Ar -ions have been accelerated. 
Results of the experiment are reported at this 
conference.' 

SCR - beam transport experiment 

A SCR with unmodulated electrodes has been con
structed for experiments near space charge 
limits. (Fig. 10) Structure data and beam para
meters are listed in tab. 3. 

Tab. 3 Parameters of the SCR beam 
transport resonator 

lank length: :HI.5 em 
tank diameter: 32.0 em 
aperture: 5 mm 

structure length: 43 {fll./2 
frequency: 70.5 MHz 
Rp - value: 130 kO 

matching sections (in and out): 3f371. {linear taper} 

Injected beam: lIz + 10 leeV 0-7 rnA 

Tab. 4 s h 0 WS ph a sea d van c e s, a c c e pta n c e san d 
current limits, the latter ones being compared 
to our measurements in fig. 11. Compared to the 
proton model it was possi bl e to adapt the design 
of this SCR to the emittance and output current 
of the ion source; thus 70-80 % of the current 
limit were easily obtained. Our next aim is to 
operate this SCR with different input energies 
to investigate effects of the matching sections 8 • 

for different lengthes measured in terms of SA. 

Tab. ,1 Phase advances and current limits 
of the SCH beam transport experiment 

rf- GOl (mm·mrad) llim(mA~ Iexp(mA} 
Voltage UOl (0) unnorm. (100% 

2000 V 4.9 150 1.0 O.B 
:lOOO V 7.4 220 2.2 1.7 
,1000 V 9.n 2BB 3.9 3.0 
5000 V 12.3 354 6.0 4.0 
GOOO V 14.7 4113 B.5 4.1 

Concl usions 

The SCR concept for RFQ-accelerators may now be 
considered as well deve"1 opped. These resonators 
are very compact and can be combined in a modu
lar way. Problems which arose concerning align
ment and cool ing have been solved. The coaxial 
inner conductor can be provided with various 
RFQ-electrodes (drift tubes with fingers, rods
modulated or not) making this concept appl icab
le for many purposes. SCR resonators are most 
suitable for heavy ion RFQ's at low frequencies. 

*work supported by BMFT. 
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Fig. 1 Injection system with duoplasmatron 
ion source an new einzellens-system 
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Fig. 2 Energy spectrum behind section 
of the proton model 
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Fig. 3 Energy spectrum behind section 3 
of the proton model 
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Fig. 4 Energy spectrum behind section 4 
of the proton model 
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Fig. Energy spectrum behind section 5 
of the proton model 

Fig. 6 Energy spectra behind different sec
tions of the proton model 
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Fig. 8 Transverse acceptances of the MAXILAC
RFQ. Ar+-ions, 90 keV, a=360 mm mrad 
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Fi~. 9 Particle oscillations in MAXILAC-RFQ 
Ar -ions, 90 keV,transrnitted current: 9.6 rnA 
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FIG. 10 CROSS SECTION OF SCR FOR HIGH 
CURRENT BEAM TRANSPORT 
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Fig. 11 SCR beam transport: Theoretical cur
rent 1 imit and experimental resul t 
as a function of RF voltage 
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