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Abstract

An S-band linear accelerator is the source of particles
and the front end of the Advanced Photon Source [1]
injector. In addition, it supports a low-energy undulator
test line (LEUTL) and drives a free-electron laser (FEL).
A waveguide-switching and distribution system is now
under construction. The system configuration was revised
to be consistent with the recent change to electron-only
operation. There are now six modulator-klystron
subsystems, two of which are being configured to act as
hot spares for two S-band transmitters each, so that no
single failure will prevent injector operation. The two
subsystems are also used to support additional LEUTL
capabilities and off-line testing. Design considerations for
the waveguide-switching subsystem, topology selection,
control and protection provisions, high-power test results,
and current status are described.

1 INTRODUCTION

The rf power for the APS linear accelerator [2] is
provided by five klystrons (LI through L5), each of which
feeds one Iinac sector. L1 fd rf power to a thermionic
rf gun via the exhaust of one accelerating structure. L2,
L4, and L5 are conventional sectors, each using a SLED
cavity assembly [3] to fd four accelerating structures.
L3 supplies rf power to the photocathode gun located at
the beginning of the Iinac. For normal storage ring
injection operation, LI, L2, L4, and L5 are operated, ad
for the SASE-FEL operation, all five units are operated.
A sixth klystron-modulator system was installed in the
linac gallery. Design work is in progress on a waveguide
distribution and switching system to allow the third ad
sixth subsystems to serve as hot spares. This is a change
from the original version of the system [4], that would
have allowed the sixth subsystem to serve as a hot spare
for any of the others. The most critical design issue for
this system is waveguide switch reliability at 35 MW-
peak power.

2 TOPOLOGY CHANGES

The change from positron to electron operation in the
APS storage ring, together with LEI_JTL o~rating
requirements, changed the linac configuration by
eliminating the L3 accelerating structure. The L3
klystron therefore became an obvious candidate to be used

as a hot spare. The current switching system topology is
shown in Figure 1. There are now two separate sections.
The first, which covers the guns and lower energy sectors
is in the process of being installed. In this low-energy
section, the L3 klystron serves as a hot spare for the L1
and L2 klystrons and powers either the photocathode rf
gun, to support LEUTL operation, or the gun test room.
In the second, or high-energy section, the L6 klystron
serves as a hot spare for the L4 and L5 klystrons ad
powers the test stand for switches and other high-power
waveguide components. Implementation of the high-
power section has been put on hold pending fm
decisions on the likely use of higher power klystrons ml
addhional accelerating structures in order to provide
increased energy for LEUTL operation.

3 HIGH-POWER COMPONENTS

3.1 Waveguide Switches .e

The waveguide switches must be highly reliable at a
peak power of 35 MW. Tests had already confined that
commercially available, sulfur hexafluoride (SF6)
pressurized, WR284 waveguide switches were subject to
damage due to breakdown at peak powers greater than 30
MW [5]. Scaling to the same field strength in the larger
WR340 waveguide yielded a prediction of operation to 43
MW before having significant breakdown problems.
Tests of WR340 waveguide switches were set up an
additional time at Stanford Linear Accelerator Center
(SLAC) Klystron Microwave Laboratory. The
unsuccessful results of the original WR340 waveguide
switch tests [5] were traced to the fact that, contrary to our
expectations, the purchased WR284-to-WR340 transitions
were not tapred transitions. This time, elec~fommd,
tapered transitions were used. WR340 switches, which
had been reworked by electropolishing, were operated
when pressurized with SF6 at 30 PSIG, The results W=
consistent with the prediction. Three out of four switches
operated at a peak power of 43 MW or greater before
repetitive arcing occurred. The fourth switch suffered a
severe arc during conditioning and showed a demased
return loss as evidence of degradation.

To further maximize high-power reliability, an SF6
conditioner-dehydrator system is being used to supply
pressure in the interconnecting waveguides and switches.
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selected Green’s function that is independent of the
particular aperture used in the tracking.

Figure 1 shows the horizontal emittance growth versus
step misalignments for a beam of 1 mm mrad initial
emittance and three different values of peak current. In the
figure, the vertical axis shows the mean normalized
ernittance, averaged over ten seeds. The emittance spreads
are large and are-omitted for clarity.
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Figure 1: Emittance growth versus
misalignments, averaged over ten seeds.

2

random step

In Figure 2 we compare the horizontal normalized
emittance growth versus distance along L2 for two types
of misalignment at the 2-rnm-rms level. The initial
emittance is 5 mm mrad and the peak current is 500 A.
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Figure 2: Emittance growth versus consecutive cell
misalignments (8) and consecutive structures (A).

For a fixed peak current, the incremental emittance
growth, defined as the final average value minus the initial
value, is fairly independent of the initial beam ernittance.
For the same type of error, e.g., A-step errors, the
emittance grows linearly with the current. As expected,
for a fixed cument and initial EN, the emittance grows
exponentially with random error levels [3], as can be seen
in Figure 1.

We also examined effects from cell-to-cell distortions,
which follow a sinusoidal distribution. We simulated
sinusoidal distributions of wavelengths half, equal to, and
double the length of the accelerating structure, and of
various amplitudes. For low amplitude values there was
no significant emittance dilution. A 6-m-long, 2-mm

amplitude distortion results in 3% dilution, compared to,
for instance, 50% average dilution for A-step
misalignments of 2-rrun-rrns error, at the same beam peak
current of 500 A.

3 LOW-TO HIGH-ENERGY LINAC

In April 2000, the APS Iinac was upgraded to provide
the FEL requirements of high beam quality and stability.
A bunch compressor was designed [2], and the entire Iinac
lattice was changed to accommodate the fuwe
compressor components and requirements. Several lattice
configurations were modeled for different acceleration
gradients and beam currents. As described in [2], effects
of longitudinal wakefields such as beam loading were
minimized by proper phasing of the rf voltage along the
linac. The betatron functions were kept low and of similar
magni~de in both planes. We examined these
configurations for their sensitivity to accelerating structure
misalignments (A-steps) and the consequent effects on the
beam-centroid motion and ernittance distortion.

3.1 Uncorrected Trajectory

In all simulations referred to in this section, tracking
extends from the end of the photoinjector to the end of the
post-linac transport line, ending at the first screen of a
three-screen emittance measurement section, which is our
reference point for emittance growth and final beam
parameters. The input beam distribution is obtained from
a typical PARMELA simulation from the photocathode
gun to the end of the first accelerating structure, and
filtered to 93% of the beam, corresponding to 2.43 mm
and bunch length of 1.8 nanoseconds. The initial
normalized transverse emittances are about 4.8 mm rnrad
in both planes. In general, 11,000 macroparticles were
tracked, and ten seeds were sampled for each error level.
The following results refer to a configuration that
accelerates a beam containing 160 A of peak current horn
43 MeV to 135 MeV in the L2 section to the beam final
energy of217 MeV in L4. The energy remains constant in
L5. Figure 3 shows the final emittance growth versus A-
steps, averaged over ten seeds. In the figure, squares
indicate the final normalized horizontal emittance, before
trajectory corrections. For A=1.0 rnm-rms, they represent
86% emittance growth.

3.2 Corrected Trajectory

From L2 to L5, the beam is focused by thirty large-bore
quadruples placed around the accelerating structures, and
by seven quadruples in the transport line. Each
accelerating structure is flanked by bipolar dipole
correctors. In Figure 3, the pluses depict the horizontal
emittance growth after trajectory correction, With
trajectory correction, there is less than 1% dilution for
misalignments up to 0.5 mm rms. For higher errors, the
average growth is reduced to 2-6Y0. There are residual
trajectory oscillations that are not reduced by further



iterations of the correction algorithm. In all cases, the
required corrector strengths are well within their current
limits’ specifications.
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Figure 3: Emittance growth versus step misalignments
before and after trajectory correction.

3.3 Emittance Bumps

Strategically pIaced local trajectory oscillations can help
reduce ernittance growth [4]. This technique, known as the
“&-bump technique,” induces additional trajectory
excursions to cancel the effects of those caused from other
sources, such as transverse wakefields. By minimizing the
beam oscillations at the end of L2 with a four-magnet
closed bump and then minimizing the oscillations at the
end of L5, also with a four-magnet bump, we can reduce
the final growth to about 1%. In Figure 4(a) we show the
beam-centroid dkplacements before and after application
of the &-bumps,depicted by continuous and dashed lines,
respectively. The plots are drawn for a typical seed and
for step misalignments of 1.5-rnm rms. Figure 4(b) depicts
the corresponding emittance growths. The results shown
were obtained without prior trajectory correction, which
would have reduced the beam oscillations.

4 SUMMARY

Ernittance growth due to transverse wakefields arising
from accelerating structure .tisalignments can be quite
hrge. Without trajectory correction, for a beam carrying
0.8 nC and peak current of 160A, an initial emitlance of
5 mm mrad can reach 6 mm mrad for random steps
misalignments of 0.5 mm rms. At higher error strengths,
there are considerable particle losses due mainly to the
beam large trajectory excursions. Trajectory correction
helps reduce the emittance growth by more than 20%.
Careiidly placed e-bumps can also reduce the final
emittance. In April 2000, the APS Iinac was completely
realigned, with the accelerating structures aIignment
tolerance set to 350 pm. Within these specifications, the
transversal emittance growth due to accelerating structure
misalignments alone could be kept to less than 170.
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Figure 4: Trajectories (a) and emittances (b) before and after application of “E-bumps.”


