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Abstract

The LCLS-II injector source includes a 186 MHz CW
rf-gun, a 1.3 GHz CW rf-buncher, a loadlock system for
photocathode change, two main solenoids, and a few
essential diagnostics. The electron beam is designed to
operate at a high repetition rate, up to 1-MHz. Since
summer of 2018 we started LCLS-II injector source
commissioning immediately after the major installation
was completed. Initial commissioning showed the rf-gun
was severely contaminated with hydrocarbons and very
limited power <600W could be fed into the gun cavity.
After a few significant processes, we eventually removed
the hydrocarbons and successfully delivered desired rf
power of 80 kW to the gun. This paper reports first com-
missioning results including gun bakeout and vacuum
processing, CW RF-gun and buncher operation with nom-
inal power, and measurements of rf stability and dark
current.

INTRODUCTION

LCLS-II currently under construction at SLAC Nation-
al Accelerator Laboratory is a continuous wave (CW) x-
ray free electron laser (FEL) user facility driven by a
4 GeV superconducting (SC) linac [1]. To meet the x-ray
FEL requirements, the LCLS-II injector must simultane-
ously deliver high repetition rate up to 1 MHz and high
brightness electron beam with normalized emittance of
<0.4 pm at nominal 100 pC/bunch and peak current of
12 A. The major beam requirements for the LCLS-II
injector are summarized, as given in Table 1.

Table 1: Major LCLS-II Injector Beam Requirements

Parameter Nominal
Gun energy (keV) 750
Bunch repetition rate (MHz) 0.93
Bunch charge (pC) 100
Peak current (A) 12
Slice emittance (um.rad) 0.4

Figure 1 shows the schematic layout of the LCLS-II in-
jector source, which includes one 186 MHz CW normal
conducting (NC) rf-gun, one 1.3 GHz 2-cell CW NC rf-
buncher for compressing the bunch length, two solenoids
for the focusing, and five pairs of steering correctors for
measuring the electron beam energy and beam steering.
Diagnostics include two BPMS, one YAG screen, one
current monitor ICT and a temporary Faraday cup (FC)
for measuring the absolute bunch charge. The FC will
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eventually be removed before connecting the ~1 MeV
injector source to the first 100-MeV cryomodule.

Figure 1: Schematic of the ~IMeV LCLS-II CW injector
source under commissioning.

FIRST COMMISSIONING RESULTS

The LCLS-II RF gun and buncher were made by LBNL
[2, 3], and installed by SLAC. Since summer of 2018, we
started commissioning for the gun and buncher.

RF Gun Bakeout

The original plan was to bakeout the large rf-gun with
an average 3-4 kW of rf power. But only <600 W peak
power could be fed into the gun cavity due to the strong
multipacting effect caused by severe hydrocarbons con-
taminations in the gun from oil contamination in the NEG
pumps. Figure 2 shows one example of forward and re-
versed power waveforms when multipacting happens.
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Figure 2: Forward (top) and reversed (bottom) rf power
waveforms due to multipacting.

We changed strategy from an rf to a thermal bake and
baked the gun up to 190°C for >10 days but no notable
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A
g § improvement on the hydrocarbons and multipacting was
Q, ; seen. A long period of conditioning followed by a special
Z Zslow activation of the NEGs significantly reduced the
S hydrocarbon partial pressure and improved the gun vacu-
. Sum pressure. The improved vacuum pressure also elimi-
gnated the multipacting and allowed full 80-kW of rf peak
£ power delivery to the gun cavity.

S Further Gun Vacuum Improvement

The static gun vacuum was 7e-11 Torr but with rf on at
nominal average power the vacuum increases to about
2e-8 Torr. The gun vacuum was then improved to 6.5e-9
Torr, as shown in Fig. 3, after sixteen hours of continuous
rf power processing with nominal power. We noted the
outgassing comes from the coaxial waveguides. The gun
pressure is expected to further decrease with an extended
period of rf power processing, which is planned when gun
f operation resumes. The goal is a pressure < 1e-9 Torr at
nominal average power.
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Figure 3: Gun vacuum improvement through rf power
processing.
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C W Operations for the Gun and Buncher

Initial CW gun operation at nominal peak power was
S established with the low level (llrf) drive frequency
> changing to match the gun cavity frequency while ramp-
L ing up the gun power and duty cycle. Then the gun me-
Y chanical tuners were adjusted to match the gun cavity
= S frequency to the nominal frequency, 186.714 MHz
S ©(1300/7 MHz), and finally the tuner feedback switched
E on. Figure 4 shows one example for the manual gun turn-
on process: RF peak power, duty cycle, cavity frequency
f detune, and gun cavity temperature evolution. The full
< gun turn-on process may take up to about 30 minutes
z when done manually. It is expected that the gun turn-on
gprocess can be further shortened after optimization and
2 automation of the procedures.
z The gun energy is measured with an rf probe installed
£ in the gun body, based on measured rf power and cavity rf
5 parameters. Figure 5 shows ~0.72 MV of the gun energy
Eis obtained with the nominal ~82 kW peak power. The
§ measured gun energy with the probe is very close to the
g expected gun energy of 0.75 MV for this power level. The
= electron beam-based measurement for the gun energy is
g planned after generating photo-electrons.
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Figure 4: Gun operation ramping to nominal peak power
(top left), duty cycle (top right), nominal frequency (bot-
tom left), and gun temperature evolution (bottom right).

Figure 5: Gun RF probe amplitude with nominal ~80 kW
of peak power.

We also established CW operation for the buncher with
nominal average power. The turn-on procedures for the
buncher are similar to the gun. First, we changed lIrf drive
frequency to follow the buncher cavity frequency while
ramping up its power and duty cycle; then changed water
temperature to match the buncher cavity frequency to the
nominal frequency of 1300 MHz. Figure 6 shows one
example of the manual buncher turn-on process: rf peak
power, duty cycle, cavity frequency. It is expected the
buncher turn-on process can be completed within a few
minutes only after optimization and automation of the
procedures.

The buncher fields are measured with two rf probes in-
stalled in the buncher cavity body but the two measure-
ments have some discrepancy. The next step is to under-
stand the difference of the two probe signals and calibrate
the buncher energy with electron-beam based energy
measurements.
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Figure 6: Buncher operation ramping to nominal peak
power (top), duty cycle (middle), and nominal frequency
(bottom).

RF Jitter Measurements

We measured rf stability for both the gun and buncher.
Figure 7 shows the gun in-loop rf amplitude and phase
jitters with the feedback on. The amplitude jitter is 4e-6
rms while the phase jitter is 0.0004° rms. These in-loop
jitters are better than the specification of le-4 rms and
0.04° rms for amplitude and phase jitters respectively.

Figure 8 shows the buncher out-loop rf amplitude and
phase jitters. The amplitude jitter is 7e-5 rms while the
phase jitter is 0.1° rms. The amplitude is within the speci-
fication of 3e-4 while the phase exceeds the specification
of 0.015°. During this measurement, the buncher cavity
frequency has a large detune from the nominal frequency
due to water cooling issues. Figure 8 shows the phase
jitter is correlated to the cavity frequency detune from the
nominal frequency. The phase jitter is expected to be
significantly improved when the cavity reaches the nomi-
nal frequency and feedback turned on.
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Figure 7: Gun llrf jitter for in-loop amplitude (top) and
phase (bottom).
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Figure 8: Buncher llrf out-loop jitter for amplitude (top),
phase (middle), and cavity frequency detune from nomi-
nal (bottom).

Dark Current Measurement

10-20 nA of dark current at the Faraday cup, much
lower than the specification of 400 nA, was measured at
the FC using a picoammeter with the gun operating at
>80 kW in CW mode. Figure 9 shows the dark current
image on the YAG screen. Systematic measurement of
the dark current is planned.
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Example of dark current image on the YAG

Figure 9:
screen.

SUMMARY

LCLS-II injector source commissioning has begun. So
far we have improved the gun vacuum pressure, estab-
lished CW gun and buncher operations, measured rf jitters
and dark current while gaining CW operational experi-
ence. Next steps are to generate first photo-electron beam,
measure beam energy and optimize electron beam per-
formance.
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