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Abstract
A megawatt class CW e-linac is being designed and con-

structed at TRIUMF with the main goal of producing neu-
tron rich isotopes for TRIUMF’s Rare Isotope Beam (RIB)
program. A possible extension of the beam-line will allow
recirculation of the beam for an Energy Recovery Linac
(ERL) to operate in tandem with the RIB user program. A
superconducting cavity with RF dipole geometry is being
considered for separation of the ERL and RIB beams at
the end of the linac to provide simultaneous beams to both
the ERL and RIB programs. This contribution describes
optimization studies performed on the RF dipole design to
determine if this geometry will meet the requirements of
the ARIEL e-linac. The resulting 650 MHz structure has
compact cavity dimensions, low peak fields, and high trans-
verse shunt impedance. Due to the large aperture beam-line
and stringent requirement on preserving beam quality, ex-
tensive focus has been placed on transverse uniformity of
the deflecting fields.

INTRODUCTION
A future extension to the ARIEL e-linac [1] will be the

addition of a recirculation path to the beam-line for an En-
ergy Recovery Linac (ERL), the driver for an Infrared or
THz Free Electron Laser (FEL). The ERL electron beam
will be interleaved with the single-pass beam bound for
Rare Isotope Beam (RIB) production in the ARIEL facili-
ties, allowing for simultaneous beam delivery to both FEL
and RIB users.

Bunches of electrons bound for either the ERL or RIB
will occupy alternating buckets of the 1.3 GHz accelerating
RF. The separation of the beams will take place at the exit
of the main linac. The basis of this separation scheme is in-
troduced in [2], which describes the layout and deflections
required by each element in the separation complex: an
RF separator, steering dipole, defocusing quadrupole, and
septum magnet. This scheme is driven by the rigid space
constraints that require the separation of the beams within
a distance of about 3 m.

After energy recovery in its second pass through the ac-
celerating modules, the recirculated ERL beam will reach
the RF separator with beam energy of approximately 5 to
10 MeV, and 90◦out of phase with the deflecting phase of
the cavity. It will therefore pass mostly unaffected through
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the separator cavity and receive a sharp deflection in the
dipole magnet and be directed down a short beam-line to a
beam dump.

The initial separation will take place in an RF separa-
tor cavity operating at a frequency of 650 MHz, imparting
opposing transverse momentum kicks to the ERL and RIB
bound beams and deflecting them by ±4.5 mrad in the hor-
izontal direction. This deflection will be amplified by the
quadrupole magnet with the final separation of the beams
reaching ∼ 35 mm by the time they reach the septum. At
this point, the ERL beam will be directed around the re-
circulation loop and the RIB beam back towards the main
linac axis.

Additionally, the layout of the separator section of the
linac is compatible with a two pass Recirculating Linac in
which the beam is directed around the recirculation loop
after its first pass to be accelerated a second time in the
main linac before continuing on for RIB production. This
mode would not employ the RF separator cavity, but would
rely on the static magnetic separation of the beams with
different energies in the dipole.

The maximum beam energy at the exit of the main linac
will be 66 MeV. This translates to a 0.3 MV transverse
momentum kick imparted by the RF separator cavity and
transverse deflecting field of E⊥ = 1.3 MV/m for a single
deflecting cavity.

SRF SEPARATOR CAVITY
The RF dipole deflecting cavity is being considered for

use in the ARIEL separator complex. This cavity is com-
pact in size and the transverse deflections are high with low
peak electric and magnetic fields. Extensive scaling stud-
ies have been performed on this geometry [3], however de-
tailed optimization is required to fully access the suitability
of this cavity design for the ARIEL e-linac separator.

The geometry of the RF dipole separator cavity is shown
in Fig. 1. The inner ridge length of the cavity will be of or-
der βλ/2 = 230 mm at 650 MHz, and the aperture 50 mm,
the same as along the rest of the length of the e-linac.

Figure 1: The RF dipole geometry showing the key param-
eters affecting the cavity performance.
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In the deflecting mode, a transverse electric field is pro-
duced between the cavity ridges while the magnetic field
circulates around them. The x component of the electric
field provides the main contribution to the horizontal de-
flections while the y component of the magnetic field acts
to decrease the deflection, by a relatively small amount.
The deflecting mode of this cavity geometry is the lowest
order mode of the cavity and the next higher order mode
has a frequency far from the fundamental mode.

GEOMETRY STUDIES
The RF Dipole cavity behaviour has been studied using

HFSS [4] to determine an optimal separator cavity geome-
try for the ARIEL separator specifications. The main goals
of the optimization were to maximize the transverse shunt
impedance while minimizing the peak electric and mag-
netic fields.

The parameters that have the most significant effect on
the cavity behaviour are shown in Fig. 1. These are the
height and length of the inner ridge, the angle of the ridge
cut-out, and the length and radius of the cavity. For each
change to the geometry, the cavity radius was adjusted such
that the fundamental frequency of the cavity was held at
650 MHz.

The length of the inner ridge was varied, along with the
cavity length, to determine the optimal ridge length. It was
found that a ridge length of 0.6 times the cavity length
consistently resulted in minimized electric fields, as seen
in Fig. 2. The peak magnetic fields followed a similar
trend. Increasing the overall cavity length also resulted in
lower peak fields, and an increase in the transverse shunt
impedance,R⊥. For the remainder of the parameter search,
the ridge length was set to 0.6 times the cavity length.

Figure 2: The peak electric fields on the left, and the
transverse shunt impedance on the right for varying ridge
and cavity lengths. For reference: βλ/2 = 230 mm at
650 MHz.

Next, the height and angle of the ridge were varied
simultaneously for different cavity lengths. Again, the
outer radius was adjusted to retain a cavity frequency of
650 MHz. The HFSS results show that the peak fields are

lowest for larger ridge heights and larger ridge angles, as
seen in Fig. 3. In each case, the electric field reaches a min-
imum value at a cavity length of approximately 380 mm.
This corresponds to an inner ridge length of 230mm, pre-
cisely the value of βλ/2. The peak magnetic fields show a
similar dependency on ridge length and angle.

Figure 3: The peak electric fields for varying ridge height
and angle and the cavity length. The colour of the line
indicates the ridge height and the shape of the data point
the angle of the ridge.

Figure 4: The transverse shunt impedance for varying ridge
height and angle and the cavity length.

The transverse shunt impedance, Fig. 4, is seen to de-
crease with increasing cavity length as well as for larger
ridge height and angle. This leads to conflict between the
objective to minimize the peak fields while maximizing the
shunt impedance.

A compromise of a ridge height of 50 mm and an-
gle of 50◦would provide reasonably high transverse shunt
impedance while keeping the peak electric and magnetic
fields below 5 MV/m and 10 mT for a transverse deflect-
ing voltage of 0.3 MV. These are well below currently ac-
cepted upper limits for electric and magnetic fields in SRF
cavities. Since the shunt impedance decreases with cavity
length, a cavity length of ∼ 330 mm provides a compro-
mise between minimizing the peak fields and maximizing
the shunt impedance.

Proceedings of PAC2013, Pasadena, CA USA THPBA02

07 Accelerator Technology

T33 - Kickers and Septa Magnets

ISBN 978-3-95450-138-0

1227 C
op

yr
ig

ht
c ©

20
13

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s



Field Uniformity

Successful operation of an FEL requires a beam with
low emittance, and therefore minimal emittance dilution of
the ERL beam as it passes through the RF separator. Non-
uniformity of the fields across the cavity aperture is one of
the main sources of emittance growth.

A larger ridge height and angle results in the most uni-
form fields within the central portion of the cavity, leading
to lower emittance growth. However, as noted in the previ-
ous section, a large ridge height and angle would also result
in a lower shunt impedance.

Another way to achieve more uniform deflecting fields
is to modify the shape of the inner ridge in such a way that
forces the uniformity of the fields between the ridges. Giv-
ing the inner faces of the ridges a slight curvature allows
the bars to come slightly closer together while maintaining
the 50 mm diameter aperture, as well as shaping the fields
in a more uniform way. This geometry is shown in Fig. 5,
along with the cavity geometry with flat inner ridges.

Figure 5: The cross section of the original RF dipole geom-
etry, with flat inner ridges on the left and the modified sep-
arator cavity shape on the right, showing the curved faces
of the inner ridge.

To quantify the field uniformity, the momentum gain in
the x direction relative to the kick received by an on-axis
particle was plotted across the aperture of the separator cav-
ity, Fig. 6. The transverse radius within which the relative
momentum kick is less than 2% of the on-axis kick strength
was found to be 8.5 mm for the flat ridged cavity, com-
pared to 12.5 mm for the curved ridge geometry. The shunt
impedances of the two geometries are very similar and the
peak electric and magnetic fields are slightly higher for the
curved ridge cavity, but are still well below operational lim-
its.

An in depth analysis of the beam dynamics has been per-
formed to access the emittance growth of the ERL and RIB
beams passing through the RF separator cavity [5]. It was
found that under nominal beam conditions, the flat ridged
cavity will contribute to acceptable emittance growth. For
beams with larger RMS width or requiring stronger trans-
verse momentum gain, the curved ridge may be useful to
limit the emittance growth.

Figure 6: A comparison of the kick-uniformity for the RF
dipole with flat ridge geometry on the left, and curved
ridges on the right. The dashed circle shows the area in
which the momentum kick is within 2% of the on axis kick
strength.

CONCLUSION
The RF dipole cavity has been determined to be compat-

ible with the requirements for the ARIEL e-linac RF sep-
arator. The main properties of the cavity with flat inner
ridges are summarized in Table 1.

Table 1: Properties of the RF Dipole Separator Cavity Op-
timized for the ARIEL e-linac Requirements

Parameter Value Units

Frequency of the deflecting mode 650 MHz
Cavity length 330 mm
Cavity diameter 210 mm
Inner ridge length 198 mm
Transverse deflecting voltage, V⊥ 0.30 MV
Transverse deflecting field, E⊥ 1.30 MV/m
Geometry Factor, G 117 Ω
Transverse Shunt Impedance, R⊥/Q 411 Ω
Peak electric field, Ep 4.5 MV/m
Peak magnetic field, Bp 7.8 mT
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