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Abstract

After about 60 years of service the 2856 MHz LINAC
injector of the Canadian Light Source (CLS) has been retired
to make space for a new 3000.24 MHz LINAC injector, the
frequency of which is a multiple of the 500.04 MHz CESR-
B type superconductive radio frequency cavity used in the
CLS storage ring. The new CLS LINAC injector has been
designed and built by RI Research Instruments GmbH. The
design is based on their robust S-band RF traveling wave
accelerating structures technology, already serving other
laboratories in the USA, Australia, Taiwan, Switzerland and
Sweden. In order to save money and space the CLS has
replaced its six Accelerating RF structures, each 3.05 meters
long, delivering 250 MeV electron beam by three 5.26 m
long accelerating structures that will deliver the same beam
energy by use of a SLED system. We are reporting on the
progress of the commissioning of this new injector.

BACKGROUND

The new CLS turn-key LINAC as a new injector for the
CLS storage ring, operates at 1 Hz for beam operation and is
capable of 10 Hz for RF conditioning. It comprises a 90 keV
DC thermionic gun, pulsed with a 500.04 MHz modulated
grid, a 500.04 MHz Subharmonic Pre-Buncher (SPB), a
Pre-Bunching Unit (PBU) and a traveling wave Final Bunch-
ing Unit (FBU) both operating at a frequency of 3000.24
MHz to match the 6! harmonic of the CLS storage ring
frequency [1]. The core acceleration is provided by three
5.26 m long S-band traveling wave accelerating structures
(ACC1,2 & 3), with two of them being powered through
one SLED [2]. The layout of the machine is shown in Fig.1
with the overall results achieved until December 2024. The
design of the LINAC is very similar to the one initially deliv-
ered by Accel Instruments GmbH to Paul Scherrer Institute
for the Swiss Light Source [3]. The installation of the in-
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jector was completed in early August 2024 followed by its
commissioning.
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Figure 1: Maximum values achieved by the LINAC in terms
of RF power in the RF structures and the energy measured
past the Energy Compression System (ECS) used as spec-
trometer

PRECOMMISSIONING CHECKS

After their installation in the LINAC tunnel, all magnets:
steerers, solenoids, and quadrupoles, were tested for basic
polarity and performance. The magnets were energized at
a low test current and checked with a handheld magnetic
field shape indicator (Magnaprobe™ Mark II). Instances of
incorrect connections (open circuits, inconsistent polarity,
etc.) were identified easily and resolved. The quadrupoles
from the The Medium Energy Beam Transport (METB) lo-
cated between ACCI and 2 were characterized magnetically
in the CLS magnet laboratory and surveyed for mechanical
and magnetic alignment.

5 YAG:Ce screens in the LINAC were retrofitted with
black backing plates with engraved cross hairs mounted
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directly behind them as to ease the camera focusing. A
Faraday Cup (FC) located near the gun exit and connected
to an oscilloscope is used to monitor the pulse shape and
charge of the electron beam coming from the gun
Non-destructive diagnostics were also installed to measure
the beam charge at various location along the LINAC, wall
current monitor (WCM), fast current transformers (FCT)
and a calibrated Integrating Current Transformer (ICT). But-
ton beam position monitor (BPM) upstream of ACC1, and
cavity BPMs, coming from our defunct LINAC, were in-
stalled by CLS downstream of each ACC. All are read by
Instrumentation Technology Libera Spark EL units, which
are sensitive to the 500 MHz component of the BPM signals.
The BPMs were commissioned by steering the beam in X
and Y, and comparing the position readings with the beam
displacements observed on the nearby YAG screens.

RF CONDITIONING

LLRF waveforms that are sent to the klystron are gener-
ated by a table of integer values defining in sequence each
transition of each waveform. High frequency structure in
the waveform can be numerically smoothen prior to sending
them to the LLRF. The LLRF interface allows for setting the
amplitude and width of the klystron pulse, along with timing
features necessary to define the pulse produced by the SLED
cavity. To assist with RF conditioning, we also implemented
two forms of basic scripting: One for the LLRF and one for
a charging capacitor power supply (CCPS) voltage, which
controlled how the modulator amplified the signal from the
LLREF (thereby the output RF power). The LLRF script al-
lows users to steadily increase the LLRF amplitude or pulse
width. The LLRF script included checks (vacuum quality)
and fail-safes, verification on safe operating points with re-
gards to the klystron saturation point. The SLED systems
suffered from a temperature stability issue, corrected ini-
tially with thermal insulation and a tuning issue that resulted
in a high reflected RF power. Before retuning mechanically
the SLED cavities, the tuning of each cavities was achieved
by raising the temperature of each cavities using bakeout
heat tapes. The overall SLED frequency to follow the stor-
age ring change of frequency is adjusted by changing the
temperature using the cooling water from the chiller.

From September to December 2024 the 3 accelerating
structures (ACC1,2 and 3), the SPB and the PBU exhibited
issues. The accelerating structures were conditioned with
short pulses while increasing the klystron power output of
38 MW. When reached the power would go down to zero
and the pulse length increased. As the processing was on-
going the structures were conditioned in a more aggressive
manner by not reducing the power significantly after each
breakdown. The pulse length was also increased too quickly.
As aresult, the structure faced a more explosive emission RF
conditioning than an evaporation RF emission which helps
smoothing the surface or smoothing out sharp edges that is
the remnant of an explosive emission of a field emitter. Addi-
tional to that, the modulators did not behave as expected and

TUPMO003
1168

ISSN: 2673-5490

JACoW Publishing
doi: 10.18429/JACoW-IPAC2025-TUPMO003

immediate support by the vendor was provided. The sum-
mary of the first months of operation and issues encountered
by the modulator are shown in Fig.1.

Figure 2: Klystron power output into the RF structures (FBU,
ACCl1, ACC2 and ACC3, with or without SLED until De-
cember 2024

By end of December 2024, the RF structures were not
conditioned to their expected performance that would allow
a delivery of an electron beam of 250 MeV as defined in the
technical specifications. However, a stable point of operation
was used to try to provide a beam that could be injected in
the CLS storage ring. Unfortunately in January 2025, the
values obtained on the accelerating structures could not be
achieved anymore. Decision was taken to stop operation
and inspect visually all RF components including the SPB
and PBU cavities who did not perform. As expected, pitting
and some discoloration were found on the Input Couplers
(IC) of the ACC structures; pitting diminishing as we move
downstream of the IC towards the output couplers (OC). The
RF pick up installed at the beginning and end of the structures
were inspected and due to heavy pitting, were removed and
replaced by RF plugs. Every components that could be RF
tested was RF tested (38 MW and 4.5 us): RF loads, RF
windows and RF directional couplers. The RF windows
were removed given their conditions although they passed
RF testing. Two RF loads were sent to the vendor after they
failed RF testing. All other components were reassembled
and the full waveguides tested to our satisfaction.

Past discussion with international colleagues it was de-
cided to RF test slowly ACC3 after a bakeout to 150°C. Fig.3
summarizes the conditioning operation and issues encoun-
tered by ACC3 (from end of March 2025) until the overall
bakeout of the LINAC, end of April 2025. The ACC3 RF
conditioning result tends to support the conclusion of an
adequate RF design. SPB cavity was RF conditioned suc-
cesfully at 450 Hz after replacement of its RF coupler and
with different solenoid field strength.

LOCALIZING THE BREAKDOWNS

As the RF conditioning did not go as planned, it was
necessary to understand the location of the breakdowns. Tra-
ditionally one can use with the help of 2 directional couplers
the location of the breakdown through the RF forward and
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ACC1 Max Power per Day 2025

Figure 3: RF power sustained by ACC1, ACC2 and ACC3,
with or without SLED until April 2025

reflected power [4,5]. The other method that was used suc-
cessfully at SLAC in the early 2000, and then used at other
labs: KEK, DESY etc. is to use microphones [6-8]. CLS
implemented the two techniques and the results displayed in
Fig.4 show the very good correlation of the two techniques.

20 Events Summary of ACC3 by Location from 2025-04-01 to 2025-04-10
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Figure 4: Breakdown localization distribution in ACC3. Red
and blue bars represent events reconstructed with directional
coupler and microphone data respectively.

BEAM COMMISSIONING

Beam commissioning occurred interleaved with RF con-
ditioning during the original attempt to provide beam for
the booster. As with any such activity, there is danger of
equipment damage, even when being careful. The beam
commissioning effort resulted in a 173 MeV electron beam
that we were able to capture and accelerate in the booster
to the extraction energy just before the holiday shutdown
at the end of 2024. The capture efficiency was poor, but
this is believed to be due to the needed booster ring magnet
injection energy scaling not being entirely linear. When
we resume beam commissioning, we will adjust the trans-
verse tunes over the booster ramp to avoid resonances and
improve capture efficiency. The energy spread and beam
centroid stability are essential parameters for ensuring re-
liable booster capture. The beam centroid was improved
by placing thermal insulation on the SLED cavity. Unfortu-
nately, we were unable to reproduce these results in January
of 2025 after the holiday break as the accelerating structures
showed increased arcing. Beam commissioning activities
were paused in order to investigate the breakdown issues in
the accelerator sections.
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SUMMARY

The overall timeline summary of the operation since
September 2024 to April 2025 are provided in Figs 2, and 3
for the RF power seen by the RF structures.

The use of the RF and acoustic localization of the break-
downs were in agreement and pointed to the entrance of
the structures. The visual inspection carried out in Febru-
ary 2025 had shown heavy pitting on the iris of the input
coupler, while disappearing when driving, very carefully, a
boroscope through the first cells of the RF structures. The
visual inspection extended to RF pick ups on all ACCs, the
SPB, PBU and FBU, as well as the RF input couplers on
SPB and PBU, see Fig.1.

Out of the results obtained until December 2024, a few
key decisions were taken by the commissioning team until
April 2025. RF pickups were removed from all the RF
ACC structures and the holes were plugged with specially
made blanks. Directional couplers were installed at the
end of each ACC structure. The input couplers on SPB
and FBU were removed and sent to RI for sand blasting,
as copper color was observed instead of the color of the
expected ceramic, and reinstalled. The SPB structure was
then successfully reconditioned with its own power supply
at 450 Hz. A combination of temperature stabilization at the
SLED, SLED chiller, and modulator room, as well as, the
saturation adjustments on the modulators, resulted in a large
improvement in energy stability.

A quick program to install microphones and a software to
read their output through repurposed ADCs was launched.
In less than 3 weeks microphones could be read by a CLS
made advanced software. A change of strategy in our RF
conditioning was operated such that a less aggressive condi-
tioning method was used. A bakeout was performed on one
structure and with a less aggressive RF conditioning, results
obtained showed good improvement in term of field achieved
and stability for a given power and pulse length, prompting
the combined (RI and CLS) team to agree to bake as much
of the LINAC as possible. The commissioning has resumed
by slowly reconditioning the RF structures. We target an
equivalent output energy of 180 MeV from the LINAC with
a breakdown rate of less that 1 breakdown per 0.1 million
pulses before injecting an electron beam into the booster
ring. Shall the RF conditioning go well, the team expects a
possible beam commissioning by mid of July 2025 for an
injection in the booster by end of July 2025 at the earliest.
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