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STATUS OF THE DESIGN STUDY FOR 10 MHz POST-ACCELERATED
RADIOACTIVE ION BEAMS AT HIE-ISOLDE

M.A. Fraser*, R. Calaga, CERN, Geneva, Switzerland

Abstract

A ten-fold increase in the bunch spacing of post-
accelerated radioactive ion beams (RIBs) has been requested
by several research groups at ISOLDE, CERN in order for
experiments to use time-of-flight particle identification and
background suppression techniques. It is proposed to bunch
externally into the existing REX (Radioactive ion beam EX-
periment) RFQ at a sub-harmonic frequency of 10.128 MHz
to produce the desired ~ 100 ns bunch separation with min-
imal loss in transmission. The status of a beam dynamics
design study carried out to meet this request will be pre-
sented in the framework of the HIE-ISOLDE linac upgrade
at CERN.

INTRODUCTION

An increased bunch spacing of approximately 100 ns has
been requested by several research groups targeting experi-
mental physics at HIE-ISOLDE [1]. It is planned to install
a multi-harmonic buncher (MHB) initiating the formation
of the longitudinal emittance outside of the RFQ at a sub-
harmonic frequency 10 times lower than its 101.28 MHz
resonant frequency. This will extend the bunch spacing to
98.7 ns permiting time-of-flight particle identification and
background suppression techniques to be used by the exper-
iments. It is foreseen to install the bunching system during
the final stage of the HIE-ISOLDE linac upgrade. The lay-
out of the HIE-ISOLDE linac including the bunching and
chopping system is shown schematically in Figure 2; more
information about the project can be found in [2-4]. The
MHB system can be switched off with no impact on the
delivery of 101.28 MHz beams.

For low-current applications where space-charge forces
are not important, a discrete buncher located either inter-
nally or externally to an RFQ accelerator can be used to
reduce both the length of the RFQ and the longitudinal emit-
tance [5]. Several nuclear physics accelerator laboratories
have employed this design approach, e.g. ANL with the AT-
LAS upgrade RFQ [6] and TRIUMF with the ISAC RFQ [7].
In most cases the RFQ electrodes are designed without an
adiabatic bunching section and an external MHB is placed
upstream of the RFQ. In our case we plan to retrofit an ex-
isting RFQ that already has electrodes with an adiabatic
bunching section. The chosen 10.128 MHz fundamental
MHB frequency is similar to the frequencies of both the
ANL and TRIUMF systems but the ratio between the RFQ
and MHB frequencies is much larger: at HIE-ISOLDE the
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ratio is a factor of 10, compared to factors of 5 and 3 for the
other systems, respectively. The two different layout options
being considered are shown in Figure 1.
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(b) B: MHB placed before the REX A /g-separator

Figure 1: Pre-buncher layout options: new components high-
lighted in red.

PRE-RFQ BUNCHING

A single-gap, grid-less MHB similar to those employed
at ANL and TRIUMF was studied to avoid the transmis-
sion losses (~ 20 %) associated with gridded bunchers that
are unacceptable for the acceleration of rare RIBs. More
details on the optimisation of the MHB electrode geome-
try can be found in [8]. The feasibility of the MHB-RFQ
bunching system at HIE-ISOLDE has been validated with
an MHB mixing the first four harmonics of 10.128 MHz.
The transmission and rms longitudinal emittance is shown
in Figure 3 as a function of the upstream distance (L) of
the MHB and the effective voltage (V) of its first harmonic.
The iso-contour lines of transmission in Figure 3a indicate
that the optimum focal point of the buncher is located 29 cm
inside the RFQ at the position on the electrodes where the
adiabatic bunching section starts. The longitudinal emit-
tance delivered by the RFQ can be significantly reduced as
the drift distance between the RFQ and MHB is increased.
Transmissions of up to ~ 80 % can be expected with ~ 15 %
of the beam spilling out of the main bunch and populating
the nine 101.28 MHz satellite bunches, see Figure 4. In
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Figure 2: Schematic layout of the HIE-ISOLDE linac installation: MHB, chopper line and 6 superconducting cryomodules.

order to meet the specification requested by the experiments
the satellite bunches will need to be removed from the bunch
train using a chopper structure placed after the RFQ.
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Figure 3: Survey of L and V; for a four-harmonic MHB.

BEAM DYNAMICS STUDIES

In order to characterise the beam dynamics in the Low
Energy Beam Transfer (LEBT) line between the EBIS and
RFQ, the entire system was simulated by tracking particles
through the 3D field maps of each active component, includ-
ing the RFQ [9], using the TRACK code [10]. The tracking
simulations were matched using a COSY-co model [11] that
incorporated fringe field effects and a benchmarking of the
two codes showed that Taylor maps computed to third-order
were adequate to describe the non-linear transverse beam dy-
namics [12]. TRACK was required for a complete understand-
ing of the non-linear longitudinal dynamics in the LEBT and
RFQ. The results of the study are summarised in Table 1.
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The study identified geometric aberrations induced by the
existing electrostatic quadrupoles before the RFQ as a source
of emittance growth. This motivated the design of a new
LEBT employing solenoids, which is more tolerant to the
increase in energy spread introduced by the MHB because
the beam size can be kept compact in both orthogonal phase
space planes. In addition, this helps to minimise the non-
isochronous effects that introduce phase-lagging and cause
the bunch length to increase at the focal point inside the
RFQ.

The MHB can also improve beam purity by time-of-
flight filtering of nearby A/g contaminants into the satel-
lite bunches, which are chopped and thus removed from the
bunch train [13].

Option A

Option A provides a relatively simple integration solution
with the MHB placed directly before the RFQ. However,
large voltages must be applied to the electrostatic triplet to
realise a beam waist in the MHB and as a result geometric
aberrations cause transverse emittance growth. The beam
size in the triplet is large because of the tight waist made at
the mass selection slit in the upstream diagnostic box directly
after the separator. This option is flexible should the MHB
need moving closer to the RFQ; an increased beam energy
spread is expected from a proposed upgrade of the EBIS [14].
The effect of a large (order of magnitude) increase in the
beam energy spread from the ion source was simulated with
the MHB located just 0.9 m before the RFQ. The results are
collected as option C in Table 1. An increased beam energy
spread from the EBIS limits the performance of the system.

Option B

The large drift distance between the MHB and RFQ in op-
tion B provides a solution that offers a significant reduction
of the longitudinal emittance. The MHB is placed at a posi-
tion on the beam line after the ion source that will require
careful integration into a crowded region. The A/g-separator
is not completely achromatic and as a consequence a small
amount of transverse emittance growth occurs in the vertical
plane where the dispersion function is non-zero downstream.
Nonetheless, the emittance growth is less than that induced
by the aberrations of option A. In addition, the time-of-flight
filtering by the bunching system would increase the resolu-
tion of the existing mass separator by a factor of ~ 3.
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Table 1: Summary of the simulated beam dynamics performance of the different MHB layout options

Upgrade MHB Vo2 L A: //qq A¢b % source Trotat  T10 MHz Tsat €x,rmss €y, rms €z,rms

Option Status [V] [m] [deg] [%e] [%o] [%0] [T0] [mm mrad] [nskeV/u]

A ON 465 232 ~ ﬁ -30 0.1 98.6 82.4 16.2 0.93,0.72 0.15
OFF 0 - - 0.1 94.3 - - 0.95,0.74 0.26

B ON 175 949 ~ ﬁ -70 0.1 98.5 83.2 15.3 0.70, 0.79 0.08
OFF 0 - - 0.1 93.9 - - 0.60, 0.63 0.27

C ON 1150 0.87 - -30 1.0 76.9 54.2 22.7 0.74,0.76 0.59
OFF 0 - - 1.0 93.4 - - 0.72,0.78 0.27

2 The effective voltage experienced by the beam: Vg = V (sin wot — 0.43 sin 2wpt + 0.21 sin 3wgt — 0.10 sin 4wot).
b RFQ phase shift relative to MHB at 101.28 MHz to compensate for the phase-lagging of non-isochronous particles.

Error Studies

Rf error studies were performed in order to specify the
stability of the voltage and phase of the MHB [8]. The phase
jitter of the MHB must be an order of magnitude better than
the RFQ because of the large ratio between the fundamental
frequencies of the two structures, i.e. the effect of jitter on the
beam at 10.128 MHz is amplified by a factor of 10 after the
RFQ. The studies showed a significant increase in the time-
averaged rms longitudinal emittance for a jitter of oy > 0.1
deg. at 10.128 MHz and oy > 0.5 %.

POST-RFQ CHOPPING

In principle, chopping could take place before the RFQ.
However, this was discounted because of the need to ‘grid’
the chopper plates and the concomitant loss of transmission;
the aperture is far larger than the permitted longitudinal
extent of the chopper fields, which must be < BAmup =
97mm. The feasibility of cleanly removing the satellite
bunches from the bunch train with a travelling-wave type
chopper placed after the RFQ was demonstrated using a
quasi-static model comprising a chain of synchronised ca-
pacitors pulsed at high-voltage [15]. The travelling-wave
option was preferred over a two-frequency resonant chopper,
e.g. the ISAC system at TRIUMF [16], because the proximity
of the satellite bunches (8Arrg = 75 mm) demands shorter
electrodes, and consequently larger voltages, to avoid signifi-
cantly perturbing the main 10.128 MHz bunches. The power
requirements of the structure are less of a concern because
of the duty factor (< 10 %) of the injector. In addition, the
travelling-wave chopper can be programmed to remove an ar-
bitrary number of 10.128 MHz pulses to extend even further
the dead-time. A classic chopper line design is employed
in the Medium Energy Beam Transfer (MEBT) line [4] de-
manding 4 mrad of deflection from the chopper, which can
be kept shorter than 0.5 m with a voltage of 1.2 kV. The
MEBT maintains the acceptance of the machine whilst the
predicted transverse emittance growth is negligible provided
the rise/fall time of the chopper is < 5 ns. The specification
of the chopper is similar to the double meander strip-line
chopper developed at CERN for Linac4 [17]. Although the
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chopper would require scaling to match the beam velocity
after the REX RFQ (8 = 0.0254), the demands on the power
amplifiers in terms of burst repetition rate (< 50 Hz), burst
length (< 2 ms), pulse rise/fall time (< 5 ns), pulse length
(~ 90 ns) and voltage (+0.6 kV) are also similar.
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Figure 4: Bunch intensity distribution at the RFQ exit. Re-
sults for options A and B are similar and plotted together.

CONCLUSION

A beam dynamics design study has been completed for
a bunching system that can provide optional 10 MHz post-
accelerated RIBs to the ISOLDE user community at CERN.
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