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Abstract

A NI LabVIEW based Tuning Software has been devel-

oped to structure the tuning process of 4-rod Radio Fre-

quency Quadrupole s (RFQs). Its results are compared to

measurement data of 4-rod RFQs in different frequency

ranges. For the optimization of RFQ design parameters, a

certain voltage distribution along the electrodes of an RFQ

is assumed. Therefore an accurate tuning of the voltage

distribution is very important for the beam dynamic prop-

erties of an RFQ. A variation can lead to particle losses

and reduced beam quality especially at higher frequencies.

Our electrode design usually implies a constant longitudi-

nal voltage distribution. For its adjustment tuning plates

are used between the stems of the 4-rod-RFQ. These pre-

dictions are based, in contrast to other simulations, on mea-

surements to define the characteristics of the RFQ as it was

build - not depending on assumptions of the design. This

will lead to a totally new structured process of tuning 4-

rod-RFQs in a broad range of frequencies by using the pre-

dictions of a software. The results of these studies are pre-

sented in this paper.

RESONANT CIRCUITS

A simplified model of the 4-rod RFQ resonator is a chain

of LC-oscillators where each RF cell has its own resonance

frequency. In these RF cells the stems represent the induc-

tance, while the electrodes form the capacitive part of the

circuit. A more detailed model is described in [1].

Figure 1: LC Resonator as Equivalent Circuit of a 4-Rod

RFQ.

To tune this system, the resonance of each RF cell has to

be tuned with tuning plates. They short cut the current path

between the stems, to change the inductance of the RF cell.

The longitudinal voltage distribution, the so called flatness,

is a fundamental parameter in the particle dynamic design

of an RFQ. Usually a constant longitudinal voltage along

∗Work supported by BMBF

the electrodes is the basis of our design, but other distribu-

tions are possible as well [2].

Following the particle dynamics the longitudinal voltage

distribution has to be arranged. It is measured using the ca-

pacitve perturbation method. A perturbation capacitor sits

on a pair of electrodes of one RF cell to cause a frequency

shift due to Thomsons law. The resulting frequency shift of

the cell is proportional to its voltage (see Eq. 1).

U ∝ ∆f0 =
1√
LC

−
1

√

L(C +∆C)
(1)

THE VOLTAGE TUNING PROCESS

The process of adjusting the flatness is an iterative pro-

cess of shifting the tuning plates and try to find a set of

heights, which results in the desired distribution and total

resonance frequency. This process can take some time, es-

pecially working on long RFQ structures with a lot of RF

cells [3].

Due to several reasons like the changing modulation or dif-

ferences in the manufacturing, the RFQ has deviations in its

characteristics along the electrodes profile [4]. This leads

to a different impact of the tuning plates depending on their

position in the RFQ.

Figure 2: The voltage in z=k from raising tuning plates in

all cells (upper graph) and the longitudinal change with a

tuning plate in cell k=3 (lower graph).

Raising a tuning plate in cell k ∈ [1, n] decreases the

voltage in cell k and its neighboring cells k±i with i<i0,

while the voltage raises in cells k±i with i≥i0. This behav-

ior is shown in Fig. 2
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In order to quantify this behavior effect functions EC

were introduced [5], describing the shift in flatness caused

by a change in the position of the tuning plate of each RF

cell k. They correspond to the ratio between the tuned and

the untuned flatness.

Ut(z, h) = Uu(z) + EC(z, h)× UU (z) (2)

The single tuning plates all have an individual effect on

the RFQ ECk(z,h). Their superposition describes the total

effect of a tuning plate setting with different heights hk.

Ut(z, h) = Uu(z)×
n
∏

k=1

[ECk(z, hk) + 1] (3)

To find the ration ECk(z,hk) measurements and simula-

tions of the flatness depending on the longitudinal position

z in the RFQ and the heights of the tuning plates have been

performed with the aim to find a possibility to split EC(z,h)

into two separated functions, one for each k depending just

on the z-position and one on the height being valid for all

k.

ECk(z, hk) = EC(hk) ·ECk(z) (4)

Figure 3: The ratio of the tuned and untuned flatness for

a tuning plate in cell k=3 with the height at different z-

positions (upper graph) and the corresponding longitudinal

change at different heights (lower graph).

STATUS OF THE TUNING PROGRAM

As presented at PAC11 in New York [6] a software has

been developed to predict the resulting flatness of an arbi-

trary tuning plate distribution, which is working well for

4-rod RFQs at 100 MHz. In this version of the program a

linear approximation EC(h)=h has been used for the influ-

ence of the tuning plates height. Its results in comparison

with measurements are presented in Fig. 4

Figure 4: Results of the RFQ tuning program in compari-

son with three sets of measurements on a 17-cell 100 MHz

RFQ [6].

This approximation turns out to be too rough for RFQs

with higher frequencies around 200 MHz. Looking at Fig.

3 a square tendency with a - depending on the longitudinal

position of measurement z - negative or positive gradient is

visible.

To represent this behavior a higher order polynomial fit of

the measurement points with different heights was imple-

mented into the software. A comparison of the measured

flatness and the simulated predictions with the correspond-

ing tuning plate distribution with a linear and polynomial

assumption is shown in Fig. 5.

Figure 5: Comparison of the flatness prediction from the

RFQ tuning program with linear and polynomial fit in com-

parison with its corresponding measurement on a 15-cell

200 MHz RFQ.

The measured distribution shows a x6-like behavior,

which is not included in the simulated ones. Even though

the fitted version corresponds to the measurement much

better, than the linear approximation, it is unfortunately not

in a range to work with.

CONCLUSION AND OUTLOOK

Going from 100 to 200 MHz 4-rod RFQs the depen-

dency of the voltage shift to the height of the tuning plate

can not be approximated with a linear function anymore.

A polynomial fit has been implemented to the simulation

software. The results are much better, but are not precise

enough to replace the manual iterative process. Other fit-

ting methods have to be tested. Eventually the splitting of
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the longitudinal and height dependency can not be sepa-

rated as supposed up to now, because their coupling be-

comes much stronger in high frequency systems. Fig. 6

shows the change in the data sets due to the scaling pro-

cess for a raising tuning plate in the middle of a 15-cell

RFQ. The symmetric increase and decrease of the voltage

around the cell of the tuning plate is pictured in the upper

graph. This difference disappears with the scaling to h2

completely. In the scaled case in the lower graph all curves

overlap each other and values of the voltage ratios com-

pared to points at higher tuning plate positions gets much

smaller.

Figure 6: The ratio of the tuned and untuned flatness for

a tuning plate in cell k=8 - the middle of the RFQ - with

the height at different z-positions before the scaling (upper

graph) and the corresponding data after applying a scaling

with h2 (lower graph).

Outlook

The vanishing of the differences in the height depen-

dency at varying z-positions will be analyzed further. It

may be an indicator of a strong coupling between the height

and z-position dependency. If it is not possible to split

them, there need to be another method to make the theory

of the effect functions useable.

Figure 7: Results of flatness simulations of a 11-cell 200

MHz RFQ with 5 mio. and 7.5 mio. mesh cells in compar-

ison with the corresponding measurement.

In parallel to the development of the simulation software

for 4-rod RFQs the simulation of these systems using CST

Microwave Studio R© is about to improve, too. As shown in

the graph   in   Fig.7  there is a strong dependency of the

flatness simulation results to the meshing of the RFQ.

Both simulation approaches will be followed further, to

find a way of predicting the flatness of 4-rod RFQs. At

the moment the iterative process is still needed to find the

appropriate set up of the tuning plates.
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