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Abstract

The ISAC RFQ is a 35 MHz, split-ring, four vane struc-
ture designed to accelerate ionsof A/¢ < 30 from 2keV/u
to 150 keV/u in cw mode. When completed the RFQ will
comprise 19 split ringsand modul ated el ectrodes in quadra-
turefor atotal length of about 8 m. Thefirst 7-ring portion
of the RFQ is being tested with beam in an interim configu-
ration. A copper wall internal tothe RFQ tank isol atestherf
power to the el ectroderegion. Electrostatic quadrupolesare
installed in the remainder of the tank to transport the beam
to adownstream diagnostic station. An injector composed
of an ion source and an electrostatic LEBT and matching
section delivers stable light ions to the RFQ. The beam is
pre-bunched with an 11.7 MHz pseudo saw-tooth wave-
form across a single gap. The diagnostic station consists
of Faraday cups, afast Faraday cup, an emittance rig, and
an analyzing magnet. The complete test set-up will be de-
scribed and the results of commissioning the injector and
testing the RFQ will be presented.

1 INTRODUCTION

A radioactiveion beam facility with on-linesource and lin-
ear post-accelerator isbeing built at TRIUMF[1]. The ac-
celerator chain includes a 35 MHz RFQ, operating cw, to
accelerate beams of A/q < 30 from 2keV/u to 150keV/u.

ThelSAC RFQ (Fig. 1) isasplit ring 4-rod structure[2].
A total of 19 split rings, each feeding a 40 cm length of
modul ated el ectrodes, are housed in a square Imx 1m tank
with atota length of amost 8 m. The gross specifications

Figurel: ThelSAC 19ring 35 MHz RFQ.

include a bore radius of r; = 7.4 mm, and a maximum
inter-vane voltage of 74 kV corresponding to a power of
85 kW. Rings and el ectrodes are water cooled. A unique
feature of the design is the constant synchronous phase of
-25°[3]. The buncher and shaper sections of the RFQ have
been eliminated in favour of a four-harmonic sawtooth pre-
buncher located ~5 m upstream of the RFQ in the low en-
ergy beam transport (LEBT). This shortensthe RFQ but in
addition, injecting apre-bunched beam yieldsasmaller lon-
gitudinal emittance at the expense of adightly lower beam
capture. The pre-buncher operates at a fundamenta fre-
guency of 11.7 MHz, the third sub-harmonic of the RFQ.
Thisintroduces an 86 nsec bunch spacing that is useful for
some physics experiments. We expect 81% of the beam to
be accelerated in the 11.7 MHz bunches, ~4% accel erated
in the two neighbouring 35 MHz buckets, with 15% of the
beam unaccel erated.

It was decided to proceed with a two-stage installation.
We have installed the first seven rings of the RFQ for an
interim beam test subsequent to installation of the remain-
ing twelverings. Thetest allowsusto perform rf measure-
ments, establish alignment procedures, commission thein-
jection line, determine matching conditions and establish
capture efficiencies al well in advance of the RFQ comple-
tionin 1999.

2 THETEST SET-UP

A schematic of the test set-up is shown in Fig. 2. A cop-
per wall installed downstream of the seven ring section pro-
videsrf containment. Beams produced in the ISAC off-line
ion source (OLI1S) are transported through a ~15 m long
LEBT sectionto arriveat the RFQ. The beam isacce erated
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Figure 2: A schematic view of the RFQ and test station.
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to 53 keV/u, then aseries of eight electrostatic quadrupoles
transportsthe beam to a diagnostic station just downstream
of the RFQ tank.

2.1 OLISandLEBT

A schematic of the ion source (OLIS) and injection line
(LEBT) are shown in Fig. 3. Wire-scanners and Faraday
cups are positioned throughout the line. In additionatrans-
verseemittancerigislocated after the OLIS analyzing mag-
net. A fast Faraday cup islocated just upstream of the RFQ
and was used to commission and tune the pre-buncher.

A 2.45 GHz micro-wave source with a magnetic cusp
plasma confinement is installed. The LEBT consists of
electrostatic elements; quadrupoles, steerers and spherical
bendg/4]. The source efficiently produces positive ions of
gaseous species from Hydrogen to Argon. Theionsfor the
initiadl RFQ tests are "N+ and ?>N7 with transverse emit-
tances measured to be 207 ;:m and 107 m respectively.

2.2 Pre-buncher Commissioning

The pre-buncher consists of two circular €l ectrodes spaced
8 mm apart forming a single gap with a beam aperture of
7 mm radius. Thefundamental frequency of 11.7 MHz and
the first three harmonics are individually phase and ampli-
tude controlled and combined at signal level. The signal is
amplified by an 800 W broad-band amplifier that drivesthe
two platesin push-pull mode with a peak voltage of about
200 V (400 V between plates). Optimization of amplitude
and phase of each harmonic resultsin an amost saw-tooth
modul ation on the beam velocity. The variationin the gap-
crossing efficiency for each harmonic means that the driv-
ing voltageisfar from a sawtooth, being dominated by the
higher, less efficient harmonics. In fact the present ampli-
fier band width rolls off after 35 MHz and so initial testing
was done with only three harmonics.

The time structure of the bunched beam as measured
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Figure 3: The layout of the off-lineion source (OLIS) and
low energy beam transport (LEBT) upstream of the RFQ.
The commissioning diagnostics are indicated.

on a 509 co-axia fast Faraday cup[5] for one, two and
three harmonic bunching are shownin Fig. 4. The buncher
was tuned by setting the phase of each harmonic individu-
ally, then adjusting the voltageto previously calculated val -
ues followed by empirical optimization. The tuning was
straightforward and the performance matches the predic-
tions of simulation studies.

2.3 In-Tank Beam Transport

The beam from the RFQ is brought to a double waist after
thefirst four quadrupoles and again at the exit of the RFQ.
The quadrupoles are each 30 cm long with a 2.5 cm half
aperture and require maximum voltagesof just under 10kV
for A = 30. For mechanica reasonsthe RFQ vanes are ori-
entated at 45° to the horizontal. As a consequence the first
four electrostatic quadrupoles are also a 45°. The trans-
versereference frame isrotated to the normal after thefirst
doublewaist where the beam is round.

2.4 Diagnostic Sation

The diagnostic station isdesigned around ap = 1.5 m an-
alyzing magnet with a dispersion of 3 cm/%. ! The mag-
net is placed symmetrically between horizontally defining
object and image dits 1.5 m upstream and downstream of
themagnet respectively. A Faraday cup upstream of the ob-
ject dlit measures the final beam intensity and when com-
pared with the last Faraday cup in LEBT givestherelative
beam capture. Unaccelerated beam is lost in the eectro-
static quadrupoles. A Faraday cup just downstream of the
image dlit records the transmitted beam and the energy and
energy spread are derived from the magnetic field. A dit
and harp transverse emittance rig and fast Faraday cup have
recently been placed upstream of the magnet.

3 RFQBEAM TESTS

Theinitid set of rf and beam tests have been successfully
completed. The RFQwas operated in cw modefor al beam
tests. The operation of the RFQ at peak voltage (74 kV) is
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Figure 4: Beam bunches measured on the fast Faraday cup
in LEBT for one, two or three harmonic bunching.

1The magnet was generously donated by the Nuclear Physics Institute
in Rez, Czech Republic.
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Figure5: RFQ beam test results showing capture efficiency
as a function of relative vane voltage for (a) N4 and (b)
N*. The nomina vane voltage in each case was 71.9kV
and 36 kV respectively. The beam capturefor both bunched
and unbunched initial beams are recorded (solid line) and
are compared with PARMTEQ cal cul ations (dashed lines).
In (c) the results are plotted with respect to absolute vane
voltage.

stable[2]. Beams of both N+ and N have been accel erated
to test the RFQ at both low and high power operation.

Beam capture as a function of RFQ vane voltage mea
surements have been completed for each ion and for both
unbunched and bunched input beams. Theresultsaregiven
inFig. 5 (solidlines) along with predi cted efficiencies based
on PARMTEQ cal cul ations (dashed lines). The N& capture
efficiency at the nominal voltage is 80% in the bunched
case (three harmonics) and 30% for the unbunched case in
agreement with predictions. (The capture islower than the
85% quoted earlier since we are presently operating with
only three harmonics on the pre-buncher.) The capture for
one harmonic and two harmonic pre-bunching are 63% and
74% respectively. The resultsfor Nt are somewhat lower
inthe bunched case (70%) due, wethink, to thelarger trans-
verse emittance reducing the bunching efficiency. Intheory
the LEBT and RFQ have an acceptance of eight times the
measured emittance of Nt so thisresult may be significant.
However it may a so betheresult of apoor LEBT tunegen-
erating anon-achromatic conditionintheel ectrostatic bend.
It warrents further investigation.

The energy of the beam as measured with the analyzing
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Figure 6: Results of energy spread measurements of accel-
erated N* beams for both (a) unbunched and (b) bunched
cases. PARMIEQsimulation results are plotted for compar-
ison.

magnet is 55 keV/u. The beam energy is higher than origi-
nally quoted sincethe RFQ test frequency is 2% higher than
the design frequency. (The actual frequency is expected
to drop with the addition of the remaining 12 rings.) The
energy spread for the bunched and unbunched cases were
measured at -0.4% and +0.7% respectively and compare
well with PARMTEQpredictions (Fig. 6).

Theresultsdemonstrate astrong confirmation of boththe
beam dynamics design and the engineering concept and re-
alization. We are presently installing diagnostics for a fur-
ther set of tests [6] including measurements of longitudi-
nal and transverse emittance and acceptance. These mea
surementswill proceed through October 98 before we com-
mencewiththeinstallationof therest of therings. Commis-
sioning of the RFQ in thefinal configuration isexpected in
Fall 99.
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