
The RFQ story 

In the last few years, the radio-
frequency quadrupole (RFQ) has 
been replacing the traditional 
Cockcroft-Walton high-voltage 
generator for the acceleration of 
charged particles to the 1 MeV 
energy range. The idea of I. M. 
Kapchinsky and V. A. Teplyakov 
from ITER Moscow in 1970 was 
subsequently developed at Los 
Alamos, in particular for proton 
acceleration. 

From 1979, RFQs for heavy 
ions were also studied at Darm
stadt (GSI) and by a Frankfurt 
group. Many laboratories are now 
using RFQs in their injection sys
tems, a notable example being 
the one provided by Berkeley for 
CERN's nuclear beams. Interesting 
applications are being found for 
this simple and compact ion ac
celerator and progress has been 
made in further simplifying its 
construction. 

In its present design the RFQ 
not only accelerates particles but 
also focuses the beam and sep
arates it into bunches well suited 
for further acceleration (good 
emittance). All this is achieved 
practically without particle losses. 

There are many other advan
tages. The ion source for an RFQ 
does not have to be placed in a 
high voltage cage, as was the 
case with d.c. voltage accelera
tion, so that sophisticated, very 
intense and very large ion sources 
can now be used. No high pres
sure tank is required for electro
static insulation. The cost of a 
working installation has been 
reduced by more than an order 
of magnitude, while the RFQs 
themselves have modest dimen
sions, about 1 to 1.5 metres for 
1 MeV energies. An RFQ de-

signed to accelerate a specific 
ion type can also be used for 
lighter particles. 

The ability to handle currents 
of several hundred milliamps 
opens the door to industrial appli
cations, in particular ion implan
tation. Surface hardening treat
ments are of prime interest, as 
well as semiconductor applica
tions. Implantation of ions like 
nitrogen, silicon or zinc in a one 
micron layer provides surface 
hardening without heating up the 
rest of the material. Drill bits, 
stamping tools, ball bearings and 
pistons are just a few examples 
of where the technique could be 
applied. 

For particle accelerators, the 
RFQ still offers additional possi
bilities. New applications being 
studied include beam decelera
tion, accelerating very heavy clus
ters, and beam ' funnelling '. 

The four electrodes of an RFQ 
are usually made as 'vanes ' with 
accurately machined three-dimen
sional surfaces. The characteristic 
dimpled longitudinal profile of the 
vanes is essential to produce the 
required accelerating field. Toler
ances are at the ten micron level, 
including the adjustment of the 
relative positions of the four 
vanes. 

In a new development at Frank
furt a simpler structure has been 
successfully tested. A new reson
ating system for the supporting 
structure allows the electrodes 
to be simple rods with longitudi
nal modulations, made and 
mounted to 100 micron toler
ances. No fine adjustment is re
quired and the resonating struc
ture is welded into its final posi
tion. This reduces the cost and 

complexity of the unit by an order 
of magnitude! 

The successful testing of such 
a rod-RFQ (RRFQ) at the DESY 
Laboratory in Hamburg for the 
new proton linac promises well 
for the future of these devices. 

From A. Schempp 

The four-rod RFQ developed at Frankfurt 
is easier to manufacture and still gives good 
results, providing 750 keV negative 
hydrogen ions ready for the new Linac III 
at the DESY Laboratory in Hamburg. 
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