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Summary 

Since the successful development and testing 
of a rad i o-frequency quadrupo 1 e (RFQ) prototype at 
Los Alamos, the use of RFQs as injectors to the 
CERN linacs is being envisaged. As a pilot pro
ject, a 202.56-MHz RFQ for L inac I (Old L inac) is 
being built in close collaboration between Los 
A 1 amos and CERN. We intend to comp 1 ete th is pro
ject in about 15 months, a time scale imposed by 
other CERN programs. The CERN RFQ is based on the 
Los A 1 amos proven des i gn approach, but wi 11 have 
to meet requirements of the existing CERN environ
ment. The design characteristics of this acceler
ator are described, and some conclusions based on 
model work at CERN are given. 

Introduction 

The successful proof-of-principle test of an 
RFQ at Los Alamos,I-3 announced at the 1980 Inter
national Accelerator Conference,4 was the trigger 
for launching a collaboration between CERN and Los 
Alamos on this project. The aim of this joint 
development effort is to design and build an RFQ 
as a preaccelerator for CERN's Linac I, where it 
has to fulfill the stringent requirements generally 
imposed on an injector. We hope that this project 
can be taken as a model for an RFQ that can 1 ater 
rep 1 ace the 750-kV Cockc roft-Wa lton and the low
energy beam transport on Linac II. In general, it 
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wou 1 d serve to ref i ne and to further test the va
lidity of the design techniques, ana would provide 
the CERN staff with insight that could be useful 
for future potential applications for the RFQ. 

Description of The Project 

The schemat i c 1 ayout of the CERN RFQ project 
is shown in Fig. 1. A low voltage, 50 kV, has been 
chosen for the low-energy beam transport to sim
plify the high-voltage installation. Two solenoids 
suffice to focus a rotationally symmetrical beam 
into the rotationally symmetric transverse RFQ 
acceptance. 

The high-voltage beam transport is at 520 keV, 
the injection energy of the CERN Linac I. The con
struction of the first Alvarez tank (separate vac
uum vessel arouna the actual rf structure, and no 
quadrupole in the first half-drift-tube) is an in
convenient arrangement for the RFQ, which normally 
should be brought within a distance of a few centi
meters of the rf structure. This being impossible, 
a 520-keV tran sport 1 i ne, compri sing three quadru
poles and a buncher (or "matching cavity"), had to 
be designed. 

The rf pOl'ler is fed directly into one of the 
RFQ's intervane spaces. Movable bulk tuners in 
all four quadrants insure the tuning. The vane 
modulation has been computed and they are being 
machined at Los Alamos. 
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Fig. 1. Schematic layout. 

*Work supported by the US Department of Energy and 
by CERN, Geneva, Switzerland. 
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No steering elements are included in the setup. 
The RFQ and the 520-keV beam transport wi 11 be 
alignea on the Alvarez tank. The steering will be 
achieved by mechanical adjustment of the source 
and the 50-keV transport before mount i ng them on 
the RFQ. 

The CERN RFQ has to be installed on an exist
i ng A 1 varez 1 i near acce 1 erator; hence, some con
straints are put on the choice of parameters. The 
RFQ should be designed for a 202.56-MHz frequency, 
a 520-keV output energy, and an -100-mA beam inten
sity. Furthermore, the RFQ should give a high 
capture efficiency, a limited emittance growth, and 
reliable operation. The design, proposed by Los 
Alamos, follows the usual concept of dividing the 
RFQ in sections; because of the relatively low 
final energy, the 1 ast (accelerati ng) section has 
been omitted, so that only the radial matching sec
tion, the shaper, and the gentle buncher remain. 

Precautions must be taken with respect to maxi
mum electric fields in the RFQ. To compute the 
enhancement of the electric field caused by vane 
modulation, a special computer program has been 
developed capable of treating three-dimensional 
field problems. With the condition that Emax 
< 1.75 times the Kilpatrick limit (-25.7 MV/m), the 
parameters given in Table I have been established 
for the CERN RFQ. 

Beam Transport and Matching 
Preinjector and 50-keV Transport: A CERN duo

plasmation ion source, slightly modified, is used 
with a 50-kV dc accelerating column. The three
electrode column also provides some focusing and 
screening against backstreaming electrons. 

Because the beam is rotationally symmetrical 
at the col umn output, and should be so at the RFQ 
input, quadrupole lenses were found to be inconven
ient for this region. The high beam intensity also 
made the use of electrostatic lenses impractical; 
finally, solenoids were chosen. The high fields 
compelled one to treat iron saturation, in addi
tion to aberration problems. A compromise design 
resulted in a pulsed solenoid with laminated-iron 
return yoke; the central field on axis approaches 

1 T, the effective length being -10 em. Figure 2 
shows the beam evolution from the ion source to 
the RFQ. 

The 520-keV Transport: Three quadrupoles and 
a matching cavity are necessary to bring an accept
able beam into the Alvarez. In the Alvarez, the 
first four quadrupoles complete the transverse 
match i ng, so that the beam is matched into the 
1 inac I s transverse acceptance from the fifth cell 
onwards (see Fig. 3). Longitudinally, we cannot 
avoid a slight mismatch; this mismatch probably 
wi 11 not be too harmful. Furthermore, the rel a
tively large distances between the tanks of the 
L inac I constitute other unavoidable sources of 
longitudinal mismatch. For the moment, some beam 
losses will be tolerated in Tank 1, because the 
required gradients for the first and third quadru
poles (73 and 60 T/m, respectively) are out of 
reach of the present magnets. 

The rf Aspects 

Two mode 1 s have been bui lt for the experi
mental study of the tuning process: a rough approx
imately half-scale mock-up, and a one-to-one model 
of high precision and rigidity (Fig. 4A). Tests 
have been done on the latter, with a single unmodu
lated vane isolated by a roof-shaped shield at the 
symmetry planes of the quadrupole mode (Fig. 4B). 
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Fig. 2. Beam envelopes for 50-keV beam transport. 

TABLE I 

CERN RFQ 

Ion: proton ~ RM H H GB r-
Frequency: 202.56 I"1Hz W(MeV) 0.050 0.050 0.075 0.520 

Es(MV/m) 5.0 24.9 24.9 24.9 
PARMTEQ RESULTS m 1.00 1.00 1.129 2.152 
Input current: 100 rnA a(mm) 29.0 6.78 6.40 4.21 
Output current: 89 rnA ro(mm) 29.0 6.78 6.78 6.78 

Input (90 ): 0.068 (ls(deg) -90.0 -73.1 -30.0 
Output (90 ): 0.20 Eo(MV/m) 0 0 0.50 2.56 
Input (rms): 0.017 V(kV) 108 108 108 108 
Output (rms): 0.043 B 5.5 5.5 5.5 5.5 

L(cm) 0 3.1 63.7 138.2 

aThe emittances are normalized values and are to be multiplied by 11 to obtain the ellipse area in 
cm-mrad un it s. 
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Fig . 3. Beam at injection into Alvarez. 

Fig. 4. Full-scale model a) with four vanes 
mounted b) with single isolated vane. 

Let ¢1, ¢2, and ¢m represent the axial mag
netic flux (or interchangeably, a transverse elec
tric field quantity) at Ends 1, 2, and in the cen
ter of the vane section. If the relative loading 
of the two end cells is modified so that the over
all resonant frequency remains constant, the linear 
tilt (¢1/¢2) can be set to any arbitrary value; 

however, the nonlinear term [2¢m / (¢1 + ¢2)-I]--that 

is, the relative field deviation from linearity in 
the middle--remains essentially unchanged. Repeat
ing the test at different frequencies, and with 
different end-cell geometries, leads to curves such 
as Fig. 5: the nonlinear term is zero only at a 
particular frequency, which depends slightly on the 
shape of the end cell. Operat i ng above thi s fre
quency leads to increasingly convex longitudinal 
field distributions; operating below this frequency 
leads to increasingly concave shapes. 

Thi s behavi or can be i ntepreted as the com
bined action of two effects . 

• A solely vane-dependent part determines a 
unique frequency for the zero of the nonlinear 
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Fig. 5. Nonlinear term versus frequency . 

term, and its slope, in this region. This 
frequency is the cutoff, or zero-order fre
quency of the vane geometry and may be calcu
lated by codes such as "SUPERFISH." The slope 
reflects the structure's reaction to detuning 
and associated reactive-power transfer. 

• A higher mode part accounts for differences 
in the field pattern of the intervane space 
and the end pieces. The higher modes, created 
at the ends, tend to reinforce, or to cance l , 
the already existing nonlinearity and cause 
the observed frequency spread for vani shi ng 
nonlinearities around the unique cutoff 
frequency. 

The RFQ will be tuned as fol lows. 
• The end cells are permanently tuned by movable 

or exchangeable inserts in a cutout at the 
base of the vane ends. The distance of the 
cavity endplate from the vane tips is 10 to 
15 mm; at that distance, the i nfl uence on the 
tuning is minimal. 

• In the vane region, each quadrant contains 
two bulk tuners (a total of 8) that are 
adjustable during operation. Two rows of five 
di agnostic holes per quadrant, vacuum sealed 
by glass tubes, will permit continuous moni
toring. 
The rf power wi 11 be fed directly, by a sin

gle loop, into one quadrant; however, additional 
fl anges are provi ded to feed each quadrant, if 
necessary. Despite its many attractive features, 
the rf manifold has not been included in the 
design; the relatively large outer diameter of the 
cavity did not permit a sufficiently wide manifo l d 
to be added, without danger of running into circum
ferential mode problems. 

Mechanical Engineering and Vacuum 

Th e RFQ cavity and vanes are made of mi ld 
steel, electrolytically copper plated. The vanes 
are supported at three points inside the cavity, 
so that they can be ali gned without i ntroduc i ng 
deformations in either the cavity wall or in the 
vanes. 

The whole assembly, from preinjector to the 
matching cavity, is mounted on a common underframe; 
this frame is supported at three points by low-rate 
flexible springs to remove a large portion of the 
bending moment from the existing Alv arez tank on 
which the RFQ structure must be rigidly fixed. 
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Cavity-vane connections, both electrical and 
thermal, are made by using flexible copper strips 
that are welded after vane assembly, before final 
alignment and initial rf tuning. The whole struc
ture is water cooled through tubes glued to both 
main flanges of the cavity. 

The nominal pressure throughout the system is 
10-7 torr. The pre i nj ector is equ i pped with two 
turbomo 1 ecu 1 ar pumps of 500 '!v/ s, the cavity with 
three ion pumps of 500 '!v/s, and one turbomolecular 
pump for roughing. Aluminum seals are used on all 
joints except on the preinjector, where rubber 
seals are used. 

Status and Outlook 

The parameters have been frozen; some compo
nents have been ordered, and a few have been deliv
ered. Beam measurements are expected to begin 
later this year: first using only the ion source 
and the 50-kV extraction, and later with the sole
noids in pl ace. We pl an to have the beam measure
ments at the 520-keV level finished by May 1982, 
so that the beam can be obtained from L inac I by 
July 1982. 

Because it may turn out that alpha beams are 
requested from L inac I for ISR operation, it is 
imperative to allow for quick di sassembly of the 
RFQ and for reinstallation of the Cockcroft-Walton. 
Later requests for alpha beams, or other light 
ions, may require another RFQ injector with a quick 
changeover facility for different particles. 
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