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WAKEFIELD EFFECTS IN THE ADVANCED PHOTON SOURCE LINAC*

Eliane S. Lessner, ANL, Argonne, IL 60439, USA

Abstract

A free-electron laser (FEL) based on self-amplified
spontaneous emission (SASE) is currently under
commission at the Advanced Photon Source (APS).

The APS SASE FEL [1] requires a high-brightness,
Iow-emittance, and low-energy spread beam. A

photocathode rf gun coupled to the APS linac is the

source of the beam. Transverse wakefields generated by
misalignments of the accelerating structures can degrade
the beam emittance and result in large transverse
trajectory errors. Effects due to random consecutive-cell
misalignments, alignment errors of the accelerator

components, and long-wavelength distortions on a given

structure are studied by simulation. The highest emittance
dilution comes from alignment errors (steps) between the

rf structures. Also, the large centroid excursions cause
large beam losses. It is shown that trajectory corrections

help reduce emittance growth and mitigate particle losses.
The linac rf-structure misalignment tolerance has been set
at 350 pm rms [2]. The emittance dilution of a 5-mrn-rad
beam due to step errors of the order of 500 pm rms can be
reduced to less than 170 by trajectory correction alone.
Various means to reduce emittance dilution by closed

bumps are also investigated.

1 INTRODUCTION

The P&3 linear accelerator provides the beam for the

APS SASE FEL. The electron beam requirements are

small normalized emittance, low energy spread, and high
peak current. In addition there are tight requirements on
the beam stability. Longitudinal and transverse wakefields

affect strongly the beam emittance and trajectory. In this
paper, we address the effects on the beam quality due to

transverse wakefields generated by accelerating structure
misalignments. We used the program ‘elegant’ [3] to
simulate effects of random misalignments between two
consecutive cells of a given accelerating structure,
alignment errors between two consecutive structures, and
long-wave distortions over a single structure.

The APS linear accelerator is about 50 m long, divided
into five sections designated by LI,.. .,L5. There are

thirteen SLAC-type S-band 3-m-long traveling-wave
accelerating structures. The photoinjector, Ll, consists of

a photocathode gun and one accelerating structure. The

photoinjector delivers a 0.5- to 1,0-nC beam at about
43 ,MeV. L2 consists of four accelerating structures driven
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by a single SLEDed 35-MW klystron. L3 contains a

bunch compression system that will provide higher bunch

peak curren~ it is presently being commissioned. In our
simulations, L3 is a drift space. IA and L5 have a total of
eight accelerating structures, each section consisting of

four SLEDed waveguides. A 20-m-long transport line

follows the linac proper. The complete Iinac can deliver a
maximum of 650 MeV.

2 LOW-ENERGY-LINAC SIMULATIONS

In the simulations, the accelerating structures are

approximated by periodic, cylindrically symmetric, disk-

loaded structures of period 3.5 cm. The transverse
wakefield is restricted to the dipole mode and depends

linearly on the transverse displacement of the exciting

charge, To determine the source of alignment or
construction errors that most affected the beam-emittance

dilution, we used an idealized six-dimensional particle
distribution, perfectly symmetric, of 0.001 standard
momentum deviation, 1 ps long, and mean energy 43
MeV. In these initial studies, we limited the tracking to
L2, the first section after the photoinjector, where the
energy is no greater than 250 MeV and the effects from
wakefields are most damaging, since the resultant

perturbing force is inversely proportional to the beam

energy. In the absence of longitudinal wakefields, the
beam is accelerated on the rf wave crest. In general,

10,000 macroparticles and, where applicable, ten to thirty

sets of random numbers were used in the simulations. We
varied the beam peak current from 100 to 500 A, the

normalized WUISWK! CXIIk3fICe (&N), frOrn 1 tO .5 mm

mrad, random step-misalignments between two

consecutive accelerating structures (A), and random
misalignments between two consecutive cells of the same

structure (8), both errors in the range of 0.5 to 2.0 mm
rms.

For A >0.5 mm rms we observed significant particle
losses, which were fairly independent of the initial
emittance and caused by the large wakefield-induced
transverse oscillations. To obtain a meaningful measure
of the emittance growth, we consequently assumed an iris
aperture of 1 m, effectively ignoring losses. Without

aperture restrictions, a beam at 500 A (peak current) with
step misalignments of 2.0 mm rms can have trajectory
distortions up to 10 cm. The large aperture does not affect

the wakefield calculations since ‘elegant’ uses a Green’s
function method to calculate the wakefields with a pre-
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2.3 Linac Set Up

The APS injector’s thermionic rf gun produces an
electron beam with an 8-ns macropulse that is accelerated

through the APS 2856-MHz linac to 220 MeV [6]. The

crystals are inserted at the end of the Iinac using a remote-
controlled pneumatic actuator. The plane of the crystal is

normal to the e-beam. Since the crystal is translucent, the
forward radiation can be imaged from the rear surface of
the scintillator. This is desirable since you do not need to
account for an angular perspective when using a
calibration mask on the crystal for transverse beam profile
measurements. A pellicle mirror mounted at 45 degrees

behind the crystal reflects the scintillation light out
through a quartz vacuum view port into an optical
transport to an optics hutch. The transport optics consist

of two sets of 6“ achromatic lenses and mirrors that are
shrouded by anodized tubing. The light is delivered out of
the radiation environment to an optics table where the
image can be viewed with either a CCD or streak camera

[7].

The relative conversion efficiency was found by
imaging transverse beam profiles. The e-beam was

focused by a local quadruple to beam sizes ranging from

0.50 to 2.0 millimeters containing 0.8 nC of charge. An
example of the observed spot size with LSO is shown in

Figure 4. The normalized data indicate that the YAG is

about twice as bright as the LSO crystal. A possible
explanation for the lower conversion efficiency of the
LSO as observed in our study could be the difference in
spectral response of the CCD detector and transmission

efficiency of the CCD glass faceplate at UV wavelengths
from the visible.

Although the measured spot sizes for LSO and YAG
were within 10% of each other, OTR images consistently

resulted in profiles 30 to 4070 smaller than those measured
with the crystals, alluding to the possible saturation effect

believed to be present in the crystals for large charge

densities [11,12],

3 RESULTS AND DISCUSSION

Spectral emissions of the crystals indicate that the
YAG is the closest to the center of the visible spectrum of
the crystals measured, whereas the peak emission of the
YAP occurs in the ultraviolet at 369 nm. This is less
desirable because conventional visible optics are not
optimized as well for this wavelength. A slight shift in
the YAG’s peak wavelength was observed from reports

by others that state 550 nm [8,9]. The results are shown
below in Table 2.

Table 2: Summary of Results

Target Spectral Emission Response Relative
Type Range (FWHM), Time Conversion

Peak Wavelength (FwHM) Efficiency*

YAG
487-587 nm,

526 nm
89 ns 1.0

LSO
380-450 nm,
415 nm

40 ns 0.46

I OTR / Broadband [101 \ =10fs[lll** I 0.0013 \

YAP
350-400 m,
369 nm

NA*** NA***

*Normalized to the YAG, **Theoretical Limit, ***Not
Available.

Streak images of optical transition radiation were
used to verify the e-beam’s macropulse, which was
measured to be 8.0 ns as shown in Figure 1. Use of this

beam as the excitation pulse for the scintillators set the
limiting resolution of the measurement to the macropulse
length. Both of the crystals examined showed response
times of greater than this limit of 89 ns and 40 ns for
YAG and LSO, respectfully. as shown in Figures 2 and 3.
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Figure 3: Streak of LSO (Y ~~ale is 400 n~)

indicates response time of LSO as 40 ns.

Figure 4: Transverse spot size using LSO crystal.
Beam size of approximately 1 mm diameter.

4 CONCLUSIONS

More work is necessary to measure the spatial
resolution limits of these scintillators. Factors other than

the saturation effect mentioned earlier may limit spatial
.. resolution. Depth of focus, internal reflections, and

defects within the crystal can cause image blurring. All of
these effects are influenced by the thickness of the crystal.
However, limiting the crystal thickness also limits the
conversion efficiency or yield. Therefore, a balance
between thickness effects and light output should be
considered.

The LSO crystal having comparable efficiency to the
YAG but with a shorter response time of 40 ns would be
preferred if one were interested in resolving temporal
information in the regime of 40 to 89 ns. This genre of
inorganic crystals has proven to be useful in providing

transverse profiles of low charge density beams. These
compounds serve well as compliments to OTR methods
that are better suited for high intensity accelerator
applications.
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