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Abstract
A recent upgrade to the high power RF network of the

linac at the Australian Synchrotron (AS) included a SLED
Type 1 Pulse Compressor which has allowed for the oper-
ation of the 100 MeV linac using a single klystron. We
explore the effects of the SLED installation on the properties
of the beam extracted from the linac with a particular focus
on the energy spread and bunch train profile. Additionally,
the optical fibre beam loss monitor (oBLM), also recently
commissioned, was employed to provide shot-by-shot feed-
back on loss location and intensity to investigate the change
in beam losses.

INTRODUCTION
A Stanford linac energy doubler (SLED) Type 1 Pulse

Compressor (PC) was recently installed on the 3 GHz radio
frequency (RF) power distribution network of the Australian
Synchrotron (AS) [1]. The 3 GHz RF network powers the
linac, the first stage of the AS injection system, which pro-
duces a 100 MeV electron beam. The beam is further accel-
erated by the booster synchrotron to 3 GeV for full energy
injection into the storage ring. Prior to the installation of the
SLED two klystrons were required to power the RF network.
A failure of either klystron would prevent operation of the
linac and block injection. With the installation of the SLED,
the RF network can now be powered using a single klystron
thereby mitigating the risk of single point failure.

The inclusion of the SLED changes the structure of the
RF pulse delivered by the RF network to the accelerating
structures, and consequently alters the beam produced. Here
we investigate the effect on the beam by measuring the energy
spread and bunch-train profile following extraction from the
linac, with and without the use of the SLED. Additionally,
the effect of the SLED on beam losses is explored with the
use of the optical fibre beam loss monitor (oBLM), also
recently commissioned, enabling shot-by-shot monitoring
of loss location and intensity along the injection system.

THE 100 MEV INJECTION SYSTEM
Power for the 100 MeV injection system is produced by

two pulsed 35 MW, 3 GHz klystrons (KLY1 and KLY2).
The klystrons can be operated in tandem or using a single
klystron in conjunction with the SLED. The RF power pro-
duced supplies the bunching structures, primary bunching
∗ pgia@student.unimelb.edu.au

(a) The 3 GHz S-Band RF Network [1]. The section in red shows
the additions included in the SLED installation.

(b) The layout of the 100 MeV injection system and transfer line.

Figure 1: A diagram of the RF network and the layout of the
linac and LTB.

unit (PBU) and final bunching unit (FBU), and the acceler-
ating structures, ACC1 and ACC2, of the linac. The power
can be divided and directed to each of the structures with the
aid of variable power splitters (VPS or hybrids) and phase
shifters (PS). A diagram of the network is presented in Fig-
ure 1 (a). The power and phase of the RF input to each of
the structures and at several locations within the network are
monitored via directional couplers, the signals from which
are down-converted to an intermediate frequency and digi-
tised at 125 MS/s [2].

The power multiplication effect of the SLED is achieved
by storing energy from the start of an RF pulse in both high
Q cavities. A 180 ° phase shift is then applied to the pulse
releasing the stored energy and adding it to the tail end of
the pulse. In this way pulse length can be exchanged for
peak power. A full description on the operation of the AS
SLED can be found in [1].

Beam for the linac is supplied by a 90 kV thermionic
electron gun and velocity modulated by a 500 MHz sub-
harmonic pre-buncher (SHPB). A system of thirty one
solenoids are employed to ease beam blowup in the low-
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energy region of the linac and a quadrupole triplet provides
focusing between the two accelerating structures [3–5]. The
key parameters of the linac are summarised in Table 1. The
beam exits the linac with a nominal energy of 100 MeV
and is transferred to the booster synchrotron via the linac to
booster (LTB) transfer line.

Table 1: Key Parameters of the AS Accelerating Structures
and Linac

Parameter Value
RF Frequency 2997 MHz
Acc. Struct. Fill Time 740 ns
Operating Temperature 40 ◦C
Nominal Energy 100 MeV
Repetition Rate 1-5 Hz
Normalised Emittance 50π mm.mrad
End Charge (single/multi) >0.5 / >4.0 nC
Pulse Length (single/multi) 1 / 150 ns

Beam properties along the linac and LTB are monitored
with the aid of several diagnostics. A wall current monitor
(WCM) and two fast current transformers (FCTs) measure
the bunch charge and longitudinal profile. YAG screens,
monitored by cameras, can be inserted to intersect the beam
and measure its dimensions. Beam losses along the length
of the linac and LTB are also monitored with the optical
fibre beam-loss monitor (oBLM) [6].

PROCEDURE
The structure of the RF pulse at the input to ACC1 with

and without the SLED enabled is shown in Figure 2. A
distinct difference between the two pulses is evident and
provides the motivation for this work.

The use of the SLED is controlled via the tuning of the
cavities in combination with an RF hybrid. When in use the
SLED cavities are tuned by regulation of the temperature
at 40° C and when not in use the temperature is lowered to
20° C, thereby moving the cavities sufficiently off resonance
such that the RF pulse bypasses their inputs. Changing the

Figure 2: The difference in RF pulses input into the first
accelerating structure with and without the SLED.

mode of operation between running with the SLED and
without the SLED requires re-phasing of the RF network
to successfully inject into the booster ring. This is the case
independent of set points. As such, when a mode change is
referred to in this report it refers to the enabling/disabling
of the SLED and the required re-phasing.

Shot-by-shot data was collected for both modes of opera-
tion, with a nominal bunch charge of 400 pC for each. FCT
measurements of the bunch train length showed that, with
tuning, the nominal bunch train length of 150 ns could be
achieved in both modes of operation.

Measurements of the beam energy spread were performed
using the first dipole following the linac and a YAG screen,
with a quadruple between the two disabled. Background
images were subtracted from the images collected and the
field of view around the beam spots truncated to a region of
interest. Averages of the resulting beams spots are shown
in the upper plots of Figure 3. Summing along the vertical
axis produced the two distributions, shown in the lower to
plots of Figure 3, and a Gaussian curve was fitted to each.
Both distributions show a sharp drop at pixel 630 as such
data beyond this point was excluded from the fit. Using the
location of the screen and the pixel size an estimate of the
energy spread, neglecting emittance contributions, for each
mode of operation could be made. The energy spread of
the average beam spots calculated from the plots shown in
Figure 3 were found to be 1.22 % and 1.20 % for the SLED
enabled and disabled, respectively. While the mean energy
spread within individual shots was found to be 1.09 % and
1.03 % with the SLED again enabled and disabled, respec-
tively. Though the SLED produces a slightly higher result
in both cases the uncertainty in the measurement is approxi-
mately ten percent and therefore no significant effect on the
energy spread appears to be present. In both cases this result
is slightly larger than previous measurements of the energy
spread, ∼0.7-0.8 % [4, 5], made earlier in the lifetime of the
linac and before the installation of the SLED and will be
further investigated in the future.

The oBLM detects beam losses via the Cherenkov mech-
anism using two optical fibres either side of the beam pipe.
The loss signals with respect to location as recorded by the
oBLM are shown in Figure 4. Signals from the fibre running
on the outside of the curve of the LTB are shown as positive
while those from the fibre on the inside of the curve are
shown as negative. It is evident that there is a significant
difference between the loss signals when operating with the
SLED enabled and disabled, the solid blue and red lines,
respectively. With much more beam lost when operating
without the SLED, particularly towards the inside of the LTB.
However, at the time that the measurements were carried
out, the AS had been operating using the SLED for over a
year and the injection efficiency into the booster had been
increased significantly by tuning the linac solenoids and
LTB lattice [7]. As such, the difference in the loss signals is
attributed to the lattice having been tuned for operation with
the SLED at the time of measurement. To verify this hypoth-
esis a loss signal collected before significant tuning was also
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(a) SLED Enabled (b) SLED Disabled

Figure 3: The upper plots show average beam spots recorded using the YAG screen with and without the SLED. The lower
plots show the resulting horizontal distributions used to determine the relative energy spread.

plotted (dotted blue line). It shows that tuning has occurred,
but also that there are likely differences attributable to the
operation with the SLED as well.

CONCLUSION
The installation of the SLED changed the structure of the

RF pulse provided to the linac. No significant differences
in the beam energy spread or bunch train length were ob-
served. Loss signals following the linac did show an increase
when operating without the SLED. The differences observed
appear to be in part due to the tuning of the linac and lat-
tice. Future work will investigate this effect and in-particular

Figure 4: The loss signals along the linac and LTB collected
using the oBLM. The solid and dotted blue curves show the
loss signals when operating with the SLED before and after
lattice optimisation, respectively. The red curves show the
loss signals when operating without the SLED. A model of
the linac and LTB is shown along the central axis.

whether a similar result is observed when changing which
klystron is used in combination with the SLED.
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