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Introduction / Background
The newly commissioned CANadian Rare isotope facility with
Electron Beam ion source (CANREB) at the Advanced Rare Isotope
Experimental Laboratory (ARIEL) uses a cold-bore EBIS charge 
breeder (Fig 1) to produce highly-charged Ions (HCI) from bunched 
+1 RIB spanning the full mass-range up to uranium.

FIGURE 2 –OmniTrak simulation of the EBIS 
interior, including the superconducting 
solenoid, drift-tubes and the problematic 40-
400K “temperature stop” region where the 
PEEK high-voltage feedthroughs and wiring 
(max +15 kV) are mounted.

breeding system has been set up after the mass separator of ISAC. It has been operational for several years and 
results have been published in [3,4]. Several percent charge state breeding efficiency to the desired charge state for 
isotopes with a mass up to about A=150 has been achieved for most isotopes. It is very well adapted to the 
continuous beam and intensity range of the radioactive ion beams. Its largest disadvantage is the limited purity of the 
beam due to a high amount of ions from residual gas and interactions with the plasma chamber materials. The latter 
was substantially reduced by using pure aluminum or coating of the plasma chamber and surrounding electrodes
with pure aluminum. However, in several cases the rate of background ions is still orders of magnitude higher than 
the amount of the rare isotopes. Some additional reduction of the background can be done by using the mass 
resolving power of the post accelerator chain, sometimes in combination with additional stripping at high energy.

For the new ARIEL facility an EBIS (Electron Beam Ion Source) is being set up. As it is operating in ultra-high 
vacuum and there are no interactions of the electron beam with the wall material in the trapping region, the number 
of background ions both from the residual gas and the walls will be reduced. A limited amount may still be 
originating from evaporation from the hot cathode or from the beam hitting the collector. Successful operation of 
such a source for the charge state breeding of radioactive ions has been demonstrated first at the ISOLDE facility at 
CERN [5] and at several other places since then [6,7].

CANREB COMPONENTS AND STATUS

The CANREB project includes a high resolution 
mass separator and an EBIS based charge state
breeding system. Figure 1 shows the layout stretched 
over two floors of the new ARIEL facility. The beam 
from the 2 target stations is sent through a pre-separator 
to select the desired mass number with a resolution of 
M/ȴM = 300 and afterwards through a high resolution 
mass separator [8]. With a resolving power of M/ȴM = 
20 000 it will be possible to separate the desired isotope 
from isobaric contamination for most cases, especially 
for weakly bound isotopes far from stability. The 
separator uses two 90° magnetic dipoles with a bending 
radius of 1.2m and an electrostatic multipole corrector 
between them. It is located on a high voltage platform, 
which will allow an additional boost in energy to 
facilitate the separation and cleaning from non-isobaric 
components in the beam, for example, charge 
exchanged ions or broken up parts of molecules. The 
desired resolution will be reached with a beam 
transversal emittance of ɸrms < 3 ʅm and an energy 
spread of less than 1 eV for a beam energy of 60 keV. 
To achieve this, the potential of both the target ion 
source and the high resolution mass separator will refer to the same dedicated low noise electrical ground potential.
The magnetic field geometry of the two dipoles has been designed to correct for aberrations up to 3rd order. Higher 
order effects will be corrected for with the electrostatic multipole. It consists of 44 rod shaped poles arranged in a 
rectangular geometry to match the beam shape in between the dipoles. 

Although some tests have been done to investigate the possibility of charge state breeding with an EBIS with a 
continuously injected beam, high efficiency has only been achieved in pulsed mode operation. In order to prepare 
the singly charged ions for this, the continuous beam from the target ion source after mass separation has to be 
transformed into bunches. For CANREB the minimum bunch repetition time has been chosen to be 10 ms. This is 
well adapted to the release time of ions from the target and thus losses due to radioactive decay are minimized.
Bunching is done with a gas filled Radio Frequency Quadrupole (RFQ) cooler buncher [9]. It operates on a high 
voltage platform of up to 60 kV, which allows stopping and accumulating the singly charged ions. They are stopped 
and cooled by collisions with the buffer gas (up to 5 Pa ultra-pure Helium) and confined in transversal direction by 
the RF fields (3-6 MHz, up to 1.5 kVp-p) on the rods. For longitudinal confinement the rods are broken up into
several electrodes to allow the application of a dc potential with a minimum close to the end of the structure. The 

FIGURE 1. Layout of the CANREB components in the new 
ARIEL building with an implantation station to collect rare 

isotopes for medical applications
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FIGURE 1 – EBIS (top-left) showing its location 
at ARIEL and setup at CANREB (right).

PEEK HV
feedthrough

Following HV breakdown in 2019, we 
designed new PEEK feedthroughs at 
the 400K “temperature stop” (Fig 2) to 
bring HV (max 15 kV) from room 
temp to the drift-tubes at 40K in the 
B-field. Unfortunately, the breakdown 
persisted, leading to total failure of 
the PEEK feedthroughs at ~1 Tesla 
and ~7 kV (Fig 4). This chronic HV 
breakdown of the HV feedthrough in 
the B-field presents a severe issue in 
using the EBIS for HCI production.

Here we discuss simulations to
understand the nature of the

HV breakdown in the 
region shown in Fig 2.
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Quantifying the Breakdown
E-,B-fields & Electron Trajectory Simulations in OmniTrak:
OmniTrak Professional was used (Fig 2 & 3) to simulate 
the E- and B-fields, and the motions of electrons in the 
region of the PEEK feedthroughs (Fig 4) to gain insight 
to the physics of the breakdown.

FIGURE 4 – Photos of (A) the PEEK insulators at the 400K “temperature stop” region; 
(B) close-up of the mounting with some damage visible; and (C) detailed view of 
the discharge/damage on the PEEK feedthroughs. Damage occurred at ~1 Tesla 
and ~7 kV (EBIS drift tubes should be able to reach 15 kV in a 6 Tesla B-field).

FIGURE 3 – (A and B) Electric field magnitudes (in V/m) surrounding bare stainless-steel 
wires in the region of the PEEK insulators (not shown). (A) between the 400K thermal 
shields in Fig 4(b), and (B) at the base of the “temperature stop” on the 400K thermal 
shield where the HV wires curve towards the drift tubes. Note the high electric fields 
surrounding all wires.

(C to G) electrons with 0 eV from an isotropic point source emitted at the arrows 
shown in the 3 Tesla solenoid magnetic field with +15 kV stainless steel wires, with (C 
to F) one single electron and (G) 2500 electrons.

Solenoid B-field simulation at 3 Tes;a used in all results A to G.
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Electric field strengths (Fig 3AB) are very high surrounding 
all bare wires (which should be eliminated in future 
designs). Electron trajectories follow a spiraling cyclotron 
motion in the B-field and orbit the +15 kV wires in the 
400K region (Fig 3 C to G). Motion is complex but 
eventually terminates on the +15 kV wires or nearby 
metal surfaces at ground (Fig 3 C to G). One next solution 
is to replace all wiring with shielded Kapton or Teflon 
wires to eliminate the electric field in this region (Fig 4). 
Routing shielded wiring thru
the magnet chamber may
also be an option..
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