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Abstract 

The first accelerator of the CERN Heavy Ion Facility is 
an RFQ designed, built and commissioned by INFN-LNL 
in collaboration with CERN and with the involvement of 
Italian industries. 

The beam dynamics specifications have been chosen to 
accelerate a 80 IlA 208Pb25+ beam from 2.5 to 250 keY lu. 
The resonant frequency of the structure is 101.28 MHz, with 
a repetition rate of 10 Hz and a duty cycle of 0.4%. 

The RFQ structure is of a "four rod" type with sym
metrical supports and vane-like electrodes. 

The problems encountered in the construction phase are 
reviewed and the results of the RF and beam commissioning 
are presented. 

Introduction 

In the framework of the CERN Lead Ion Facility collabora
tion, the Laboratori Nazionali di Legnaro (LNL) designed 
and constructed the low energy part of the linac. This in
cludes the Low Energy Beam Transport line (LEBT) [1], 
the RFQ and the Medium Energy Beam Transport line 
(MEBT) [2]. The main effort has been put in the design 
and the construction of the RFQ which is described in this 
paper. 

The RFQ construction has been assigned to the LNL 
in September 1991, after a series of meetings to decide the 
beam specifications. The final conceptual design is the re
sult of a close collaboration between CERN and LNL on 
all the aspects of the accelerator, as beam dynamics, RF 
cavity and mechanics. The construction drawings and the 
production of this RFQ is the result of the common work 
of these two laboratories and the Italian industries, under 
the supervision of LNL. 

The most difficult task has been the construction of the 
electrodes. Their modulation has been checked at CERN, 
and they have been afterwards assembled in Italy with a 
tolerance of ±0.03 mm along the whole structure. 

The RFQ has been delivered to CERN in April 1994. 
After some RF measurements in Italy aiming at the adjust
ment of the resonant frequency and of the field distribution, 
more RF measurements, mainly to finalize the tuning and 
to check for possible transport damages, have been per
formed at CERN with positive results. 

After the installation on the beam line, the calibration 
of the rf connection and an easy conditioning at high power, 

'Present address: CERN, SL Division, CH-1211 Geneva 23. 

on May 3 the first 70 IlA beam has been measured down
stream of the M EBT. Since then the RFQ has been opera
tional. 

Beam Dynamics 

The specifications require an acceleration from 2.5 to 
250 keY lu of a 208Pb25 + beam with a transmission larger 
than 90% and a transverse normalized acceptance larger 
than 0.8 11" mm mrad. The duty cycle is 0.4% at the repe
tition rate of 10 Hz. 

To meet the specifications with a structure as com
pact as possible, a novel design procedure, inspired by the 
work of S. Yamada [3], has been adopted [4]. The struc
ture is divided in six logical sections: radial matching sec
tion, shaper, prebuncher (where fast phase compression is 
performed at constant bucket area), adiabatic buncher [5], 
booster (fast rise of the acceleration) and accelerating sec
tion. The optimization of the parameters of the above sec
tions led to a compact structure of 2.5 m total length. 

Particular care has been put in the analysis of the ef
fects on the beam dynamics of the input and output gaps 
between the electrodes and the external walls, taking into 
account the asymmetries in the vane potential peculiar to 
RF structures like the one chosen [6]. 

RF Design 

The resonant frequency chosen for the low energy part of 
the lead linac is 101.28 MHz. For this frequency, the most 
convenient RF structure is the "4-rod" resonator. For the 
lead RFQ a "4-rod-like" resonator in which the rods are 
replaced by "vane-like" electrodes, has been adopted to fa
cilitate the mechanical construction and alignment. More
over, a symmetrical support has been preferred in order to 
have a structure that guarantees a dipole-free electric field 
distri bu tion [7]. 

The resonator geometry has been defined by aiming to 
an optimization of the shunt impedance. Using 3D sim
ulations with MAFIA codes [8], a triangular stem shape 
has been chosen, that gave shunt impedances higher than 
200 krl'm [7]. The final structure, shown in Fig. 1, has a 
computed shunt impedance of 222 krl·m. In order to have 
a goc·1 mesh definition, only half of the structure has been 
simulated and a mirror plane has been used in the mid
dle of the structure. In fig.1 is also shown one of the two 
adjustable piston tuners. 

The whole resonator has been designed using the pro
gram MAFIA. In particular, this program has been used 
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Figure 1: RFQ structure in a MAFIA plot 
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Figure 2: Simulated Electrical Field distribution with dif
ferent volumes in the terminal cells 

to determine the shape of the cells at the two ends of the 
structure, which have a smaller volume in order to obtain 
field flatness along the RFQ. Fig. 2 shows some computed 
field distribution for different end cell geometries. 

In order to compensate for the variation of the inter
electrode capacitance due to vane modulation, some ad
ditional capacitances have been added in the high energy 
half of the RFQ. Following an idea proposed by W. Pirkl. 
the capacitances consisted of small, "L-shaped" conductors 
screwed on t he support stems and facing the back of the 
electrodes. 

The tuning system is made of two adjustable inductive 
tuners placed towards the low energy end of the structure. 
The final position of the tuners has been chosen among 
five possibilities in order to minimize the remaining E-field 
tilt, that was not compensated by the additional capac
itances. Finally, the field tilt has been contained within 
±l.i% (Fig. 3). 
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Figure 3: Measured Electrical Field distribution along the 
RFQ 

Mechanical Features 

The main characteristic of the mechanical st ruc't ure of this 
resonator is its rigidity and the possibility of positioning t II<' 
electrodes within the required tolerance of ±O.O:\ mm o\'er 
the whole length. The cavity is made of two pitrt,;. TIl<? 
bottom part, placed on three external supports, houses the 
electrodes with their supports, and contains the reference 
planes. Two alignment arms with targets for the position
ing on the beam line are also mounted on this part. The top 
part is fixed on the n~ain body by :-'llO screws and an alu
minum joint insures the vacuum tightness. Pick up loops 
and tuners are mounted on this cOVPr. 

The resonator is made of copper plated mild stppl.\\·hi<'il 
was preferred to stainless stf'el for its higher therillal ,'on
ductivity. Although the duty cyclf' of tl\f' HFQ is wry 
low, precautions had to be taken in order to haH' a tlwr
mally stabilized structure. The elongation of the copper
chromium-zirconium alloy elect rodes, whic'h created forces 
in the relatively rigid supports. was minimized. Cooling 
channels were therefore made a\'ailablf' insidp the supports, 
to keep the maximum temperature difference bf't\\'('('n tl\f' 
bottom of the vanes and the basp of the support below six 
degrees. 

The electroriPs ha\'f' bePIl positionpd on the supports 
via copper spacers anel stainless stppi kpys whidl allowed to 
rf'ach the rf'quireel tolerances. The nF contacts ha\'f' been 
decoupled from the mechanical connections and [('alized by 
flexible copper strips with finger contacts. screwed into tlIP 
bottom of the vanes on one sidp and into thf' support on 
the other. 

The electrodes have been machined in Italy and control
led at CERN. Their correct positioning has bpen achieved in 
a very short time taking advantage of t he connecting system 
described above. The beam transmission of morf' than ()O'1c 
proved the correct a'isernbly of the RFQ el"ments. 
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RF Measurements 

Resonant frequency, tuning range, quality factor and volt
age distribution along the RFQ have been checked first at 
LNL, and then at CERN. The results, compared with the 
MAFIA simulations, are shown in Table 1. 

TABLE 1 
Theoretical and measured RFQ parameters 

Computed Measured 
Resonant Frequency 101.29 101.17 MHz 
Tuning range 176 153 kHz 
Q 10760 4344 
Total E-field tilt O. 3.5 % 
E-field ripple 1. 2.3 % 

The relatively large difference between the theoretical 
and the measured values of the quality factor is mainly due 
to the rf contacts between electrodes and supports, that 
were not taken into account in the simulations. 

The E-field tilt is due to the electrode modulation and 
has been minimized using the capacitive tuners already 
mentioned. 

The voltage distribution along the structure has been 
measured using a bead-pulling technique. A dielectric bead 
touching two adjacent electrodes on their external part was 
moved along the RFQ. During the measurements at LNL, 
a Phase Locked Loop circuit was used to measure the fre
quency shift due to the perturbator. The data acquisition 
and the stepping motor control has been made via PC. For 
the measurements at CERN, the phase shift due to the 
perturbator has been directly measured by a Network An
alyzer. A typical measurement is shown in Fig. 3, where 
a "ripple" of the field due to the presence of the supports, 
typical for this type of resonators can be seen. The RF 
power conditioning of the RFQ has been straightforward, 
taking about two days to reach a power level of 140 kW. 

Beam Commissioning 

The RFQ has been commissioned during the first two weeks 
in May 1994 and, since then, has been operational. 

The commissioning has been performed in parallel with 
the commissioning of the MEBT [2], in order to compress 
the time schedule and meet the deadline for the injection 
into the Booster. The measurements lasted for two weeks 
and the results, presented in Table 2, are in very good agree
ment with the design values. 

TABLE 2 
RFQ output beam parameters 

Computed Measured 
Transmission 90 >90 % 
Or (rms) 4.2 3.8±.4 7r mm mrad 
Cy (rms) 4.4 4.3±.2 7r mm mrad 
Clong 40 30.2 7r deg keY lu 
Output Energy 250 250±2 keY lu 

Conclusions 

The construction and the commissioning of the first acccl
eration stage of the CERN Lead Injector, namely the RFQ 
and its matching lines, have been performed successfully. 

The RFQ, which is the most important part of the Ll'jL 
commitment, meets fully the specificat.ions. It has been 
conceived, designed and constructed in three years by a 
close collaboration among LNL, CERN and italian indus
tries. 
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