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Abstract

The low-energy section of the new CERN lead injector,
between the ECR source and the main linac, will be
built at the Laboratori Nagionali di Legnaro, Italy. The
most important part of this section is a Radio Frequency
Quadrupole, 2.5 m long, accelerating from 2.5 keV/u up
to 250 keV /u and operating at a frequency of 101.28 MHz.

In order to define a satisfactory geometrical configura-
tion for the RF resonator, both from the RF and from
the mechanical point of view, different designs have been
analysed and compared, starting from the classical “4-rod”
Frankfurt-type structure, up to the “double parallel stems”
and the “90°-apart stems” structures.

Results of 3D simulations on cold models are presented
here, together with the proposed layout of the lead RFQ.

1 DESIGN CRITERIA

The beam dynamics analysis of the Pb-RFQ led to the def-
inition of the geometrical parameters of Table 1 [1]. These
determine the region around the beam axis, and the aim
of this study was to find a suitable resonator which could
be “built around” them.

Electrodes length 2.50 m
Electrodes transverse radius 4.05 mm
Average aperture 4.50 mm

Tab. 1: Geometrical parameters of the Pb-RFQ electrodes

As a starting design principle, the choice of a “4-rod”-
like resonator was quite natural [2]; clear advantages of this
structure, when compared to a design of the “4-vane” type,
are its compactness at the low frequencies required for
ion acceleration and its reduced sensitivity to perturbing
modes which compensates for its lower shunt impedance.

Nevertheless, two main changes have been considered
necessary with respect to the standard design. First, a
double support design has been chosen in order to guaran-
tee the resonator absolute freedom from unwanted dipole
components [3]. Note that this feature does not affect the
shunt impedance. Second, “vane-like” shaped electrodes
{as in Fig. 1) have been chosen in preference to circu-
lar rods [4]; this allows the very precise machining of the
modulation on a computer-controlled milling machine and
gives, opposite to the electrode tip, a well-defined reference
plane for the positioning in the tank. The drawback of the
vane-like shape is the higher inter-electrode capacitance,
which reduces the efficiency (by 20 + 45% depending on

the electrode cross-section). However, a careful optimiza-
tion of the resonator can compensate for this.

In addition, designs allowing as many brazed and welded
contacts as possible have been selected in order to avoid
problems of mechanical stability and of vacuum due to
movable connections in high current regions.

Fig. 1: Connecting frame and electrodes cross-section

2 COMPARISON OF STRUCTURES

Applying the above criteria, three structures have been
selected for further investigation, differing in the shape
and position of the supports.

Using the MAFIA code [5], each design has been stud-
ied with regards to its frequency dependance, Q-value and
shunt impedance, Zy,, for a single cell. The goal was to
optimize Z,, and therefore the power efficiency.

The computations were later extended to more than
one cell, up to the limit allowed by the number of mesh
points that could be treated by the available installation of
MAFIA (about 80,000), in order to study the end effects
and the overall field symmetry.

Three cold aluminium models, without modulation of
the electrodes, have been built at LNL according to the
computed dimensions. Each model comprises a few cells
up to a length of about 1 m. Frequency and field sym-
metry have been measured on the models to verify the
MAFIA results and to analyse end effects and sensitiv-
ity to mechanical misalignments. This provided valuable
experience for the design of the final RFQ.

Note that all three structures have the same geometry
in the central region (Fig. 1) in order to get comparable
sets of data. The electrode cross-section has been stnd-
ied to increase its mechanical rigidity and to give a large
surface for the high longitudinal current. Opposite pairs
of electrodes are connected to frames that force them to
the same potential by acting as “Vane Coupling Rings”.
Furthermore, each frame is connected to two supports.
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Fig. 3: Z,, of the three structures

The first structure (Fig. 2 a) comprises a sequence of
cells with “iriangular” supporting stems. These allow a
homogeneous distribution of the current in the stem and
therefore a reduction of current density and power losses.
At the same time, the large stem base guarantees good
mechanical stability.

The second structure (Fig. 2 b) has cylindrical {“double
parallel”) stems.

The third structure, proposed by V. Andreev from
ITEP, (Fig. 2 c) also has cylindrical stems, but alternately
placed orthogonal to each other and to the beam direc-
tion (“90°-apart” type). A version of this structure hav-
ing the electrodes connected directly to the stems (without
frames) was also analysed, and it was built at ITEP giving
analogous results [6].

3 STRUCTURE OPTIMIZATION

A complete set of curves, giving Zg, = (UZ/P) - lcen as
a function of the geometrical parameters, has been com-
puted for each structure (Fig. 3). In the computations, the
tank radius was adjusted to keep the single cell resonant
frequency at the design value.

A common feature of all the curves is the fact that, for
each stem geometry, there is an optimum cell length which
minimizes the losses. For short cells, the tank diameter has
to be increased to maintain the resonant frequency, thus
increasing the current path and the power losses. For long
cells, it is the losses in the electrodes, where the current
density is high, which dominate.

Together with the cell length, the support geometry has
been varied (base width w and length b for the triangu-

lar stems, diameter d for the cylindrical ones, see Fig. 3).
Fig. 4 shows, on the same scale for ease of comparison, the
best Z,,, curves obtained for the three structures.
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Fig. 4: Z,, comparison

4 MODEL MEASUREMENTS

The main parameters measured on the three models are
summarized in Table 2 and compared with the results from
MAFIA. A modular assembly technique was chosen in or-
der to make use of the same electrodes, frames and tank
for all models, so that no particular care was taken to get
the same frequency for all of them. The measured frequen-
cies are slightly different from the computed ones, mainly
because the MAFIA approximation of the electrode tip
was quite coarse, while the Q-values are poor due to bad
contacts.

The electric field patterns between each pair of elec-
trodes have been measured (without end plates) with a



triangular stems cylindrical stems 90°-apart stems
measured | simulated || measured | simulated || measured | simulated
Frequency 73.6 75.7 106.1 111.6 101.1 104.7 MHz
Q-value 1.2 11.4 1.4 10.4 0.4 10.3 103
max. 42 5 3.5 5 4 6 2.5 %
max. dipole comp. 3 0 5 0 6.5 0 %
Capacitance 152 129 170 141 168 140 pF/m
Shunt impedance 35 356 25 202 7 214 kf2m
Z4n scaled 324 — 172 — 192 — kQm

Tab. 2: Measured and simulated (MAFIA) parameters for the three models
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bead-pull technique; Fig. 5 shows those of the first model.
All the measured fields display the characteristic ripple
(less than 2%) caused by the supports, a residual bump due
to end effects and some dipolar components from mechani-
cal misalignments (see Fig. 6). The overall field asymmetry
and the dipolar component measured for each model are
given in Table 2.

10 et P
j
W [EET e g
6 i _
~
(=]
T L
-
<
2 L
0 1 T T 1 1 T T T T
-50 -40 -30 -20 -10 O 10 20 30 40 50

longitudinal position  (cm)

Fig. 5: Electric field patterns (first model)
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Fig. 6: Dipolar component (first model)

Fig. 7: The triangular stems model

For comparison, scaled Z,, values have been computed
using the measured capacitance and the MAFIA Q-value.
Note that in the first model the shunt impedance is higher,
due to a lower resonant frequency.

The first model is shown in Fig. 7.

5 CONCLUSIONS

The main result of this study is that the structure with
triangular shaped stems appears the best, both in terms
of Z,, and of mechanical simplicity. A shunt impedance
higher than 200 kf2-m appears to be an achievable goal for
the Pb-RFQ, even using vane-like shaped electrodes.

Furthermore, all three structures considered showed a
satisfactory transverse field symmetry, while the required
longitudinal field flatness has been easily obtained by tun-
ing the end cells.

As for the design procedure, the MAFIA code gave re-
sults in good agreement with the measurements made, con-
firming that it is an essential tool in the design of complex
resonators like RFQ’s.
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