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Abstract

The Low-Energy Undulator Test Line (LEUTL) free-
electron laser (FEL) [1] at the .Advanced Photon

Source (APS) has achieved gain at 530 nm with an
electron beam current of about 100.4 [2, 3]. In order

to push to 120 nm and beyond, we have designed and
are commissioning a bunch compressor using a four-
dipole chicane at 100-210 MeV to increase the current
to 600 A or more. To provide options for control of
emittance growth due to coherent synchrotrons radia-
tion (CSR), the chicane has variable RW. The sym-
metry of the chicane is also variable via longitudinal
motion of the final dipole, which is predicted to have

an effect on emittance growth [4]. Following the chi-
cane, a three-screen emittance measurement system
should permit resolution of the difference in emittance
growth between various chicane configurations. A ver-
tical bending magnet analysis line will permit imaging
of correlations between transverse and energy coordl-
nates [5]. A companion paper discusses the physics

design in detail [4].

1 APS LIN.\C O\-ERWEW

The APS injector consists of a Iinac, an accumulator
ring, and a 7-GeV booster synchrotrons. In addition

to delivering beam to the accumulator, the linac can
be configured [6] to deliver beam to the LEUTL ex-
periment hall [1]. The linac consists of 13 Stanford
Linear Accelerator Center (SL.IC) type accelerating
sections powered by four klystrons, two thermionic rf
guns (TRFG) [7, 8, 9] powered (one at a time) by
a single klystron, and one photocathode gun (PCG)
[10] powered by a single klystron. Figure 1 shows a
schematic of the system and the location of the newly-
installed bunch compressor.

The original purpose of the linac was to create
positron beams and deliver them to the accumulator
ring for injection into the APS. The positron target
was subsequently removed when the APS switched to
electron operation. In both situations, the require-
ments on the Iinac were modest in terms of emittance,
energy spread, bunch length, and stability-. However,

the requirements for reliability were and are very high,
which was one reason for elimination of positron op-
eration. The FEL project requires much higher beam
quality and beam stability. The requirecl beam quality
is typically only achieved using a photocathode gun;
however, the reliability of such guns (particularly the
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drive laser) is insufficient to act as an injector fo~t~ #

APS. The dual thermionic guns have a distinct advan-
tage here, having proven themselves as components of
the injector at SSRL [11]. The use of alpha magnets [7]
for magnetic bunch compression in these guns allows
the guns to be placed off-axis, leaving the on-axis po-

sition for the PCG. This is an important consideration
in preserving the P CG beam brightness,

2 lMAGNETIC BUNCH COMPRESSION

The principle of magnetic bunch compression is well-
known, so we only review the basic idea here. In a
magnetic chicane (see Figure 1) the path length trav-
eled by a particle is s = SO+ R566, where SOis the cen-
tral path length and 6 = (p – pO)/pO is the fractional
momentum deviation. For simple chicanes, R56 < 0
so that high-energy particles take a shorter path.

Phasing the beam ahead of the crest in the pre-
compressor linac introduces an “energy chirp” into the
beam, so that the tail of the beam has higher energy
than the head. As a result, the tail will catch up to
the head in the chicane, giving a shorter bunch. If the
beam is undercompressed, then the energy spread im-
parted in the precompressor linac can be removed by
phasing behind the crest in the postcompressor linac.

It is possible to derive formulae for the phasing re-
quired to obtain a desired bunch length and minimized
energy spread. However, accurate calculation requires
including wake field effects and depends on the detailed
initial bunch shape. Hence, we used simulation to find
the optimal values [4].

3 LEUTL BEAM REQUIREMENTS

The primary goal of the bunch compressor is to provide
higher current beam-to the LEUTL FEL. A secondary
goal is characterization of CSR effects. The bunch
compressor was designed with two LEUTL operating

points in mind. These operating points, distinguished
primarily by the beam current of 300 or 600 A, are
summarized in Table 1. The requirements for charge
and emittance are not difficult compared to the state-
of-the-art for photoinjector systems. We hope that
these parameters can be achieved repeatably and eas-
ily to provide for routine and stable operation.

Because of the very non-Gaussian longitudinal
phase-space distributions one t~-pically sees in the com-
pressor, we use the following definition for the beam

0.8* Q* OL=,
current: 180 = At8~ ~rhere QtOt@l is the total
charge in the beam and -lt~o is the length in time
of the central 80% of the beam. The value of 80~o was
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Machine procedures are designed to be executed

primarily from within the PEM. The PEM takes full
advantage of the format of a procedure to permit

monitoring and controlled execution. These machine
procedures may also be executed from any APS TcVTk
library, which allows them to be executed like any other
TcVIICprocedure.

1.3 Installation

In order to run the PEM, TcVTk with the Tc1-DP
extension must be installed. The latest versions are
recommended. The APS TcVl% library and the PEM
packages must also be installed. All of these are located
on the OAG web site’.

2 LINAC APPLICATIONS

The linear accelerator has three guns: two thermionic
rf guns mainly used to support APS injections and one
photocathode rf gun for experimental projects. All of
these guns are important to APS as well as to future user
demands. Normally experimental projects are
parasitically operated during user beam mode. If stored
beam is lost, it is important to the Operations Group to
have a fast and reliable transfer from the experimental
project to the APS injection configuration. This fast and
reliable method of switching to and from the thermionic
guns has been accomplished using the PEM tools.

In the past, operators manually initiated and monitored
all systems involved in the switchover using Motif Editor
and Display Manager (MEDM) screens. Since the Iinac
has a multitude of MEDM screens that control every
aspect of operations, the switchover was not an easy task.
Operators normally had to switch back and forth between
many MEDM screens as they worked. As demands on
the operators increased due to system changes, some
small shell scripts where written to perform tasks
automatically. Although the scripts worked well, they
were not always reliable because changes to machine~
and operational procedures were being made without
warning. Also most of these scripts were not regulated
and did not have much of an error checking ability. When
configured properly, PEM procedures follow the same
steps an operator would take during equipment start-up.
The PEM tools not only repeat steps faster, they also
provide reproducibility.

Using PEM tools for linac operations, the operator no
longer has to open multiple windows and work on one
task at a time. Instead. the PEM is able to efficiently use
multitasking to alleviate the burden on the operators in
what can often be a stressful situation. By making the
interface of the PEM simple and consistent, new machine
procedures can be added. Operators can read the
corresponding description and view the steps of a
procedure to become familiar with it. This is not intended

to reduce operator training, however; it merely acts as an
additional source of information that may be valuable to
operators.

3 PEM DEVELOPMENT

There are several different types of machine procedures
ranging from simple low-level procedures to a collection

of many submachine procedures. Often a machine
procedure is a collection of smaller core procedures linked
together either in series or in parallel. In doing so, we
were allowed to work in a simple progression. Core
procedures are the lowest level procedures that do the
actual work and are written f~st. Once these core
procedures have been tested, larger parent procedures are
formed that call on all of the necessary machine
procedures. This process is repeated many times, creating
many levels of parent procedures. Table 1 shows an
example of the machine procedures called when the
photocathode start-up procedure is used. There are more
layers than this table shows, but they are too numerous to
display.

Table 1: Machine procedures called from the
photocathode start-up procedure

1. Startup photocathode gun with power supplies
a. Start-up power supplies

i. Turn off unused power supplies
ii. Turn on needed power supplies

...
111. Condition power supplies
iv. Wait for conditioning to finish

b. Startup photocathode gun
i. Shut down thermionic .tgn

ii. Bring modulators to standby
...
111. Bring modulators back up

Using a modular method, the PEM can decrease the
executi~n time by taking two or more consequential
procedures and running them in parallel. These parallel
procedures can split off indefinitely into subparallel
procedures. All procedural steps report back to the
original PEM and communicate the steps as they occur.
This causes an interleaving of the steps displayed by the
PEM as the execution progresses. Eventually, prior to
exiting or executing additional steps, the parallel
procedures must be joined. This joining ensures that all
steps have been completed successfully prior to
continuing with the program.

Another advantage of a modular method is the ability to
make a change in a core procedure. If this machine
procedure is called by multiple machine procedures, the
change will affect all of them. This means that multiple
source codes do not need to be changed if a design or
operation change is implemented that requires a change in
a core machine procedure.

‘ http://www.aps.ani.gov/asd/oag/oaghome.shtm1
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F@.tre 2: Dialog for photocathode gun startup with power supplies

The dialog screen shown for the switchover to the
photocathode gun (see Fi=we 2) allows the operator to
select a snapshot file to be restored at the end of a
switchover. A snapshot file is a database file that
includes all of the lattice power supply settings needed
to reproduce the same beam as when the snapshot was
recorded. Once executed, the PEM procedure opens
another display window that shows each step as it
occurs. The particular procedure shown in Table 1 will
start up and condition the power supplies and in parallel
start up the photocathode gun. The subprocedures for
the power supply start up and photocathode gun startup
are run in series. Because this machine procedure is
able to do many tasks at once as well as perform many
safety checks, it allows the operator to attend to many
other tasks.

When an unexpected condition occurs, the PEM
displays a dialog box to the operator containing a
description of the problem and requests that the
operator attempt to fix it manually. Buttons for
continuing andlor aborting are often displayed on these
dialog boxes. An abort button is always displayed on
the PEM screen during execution for those situations
when something may go wrong and continued
operation of the PEM may be unnecessary or unwise.
Along these same lines, a log daemon is used with the
PEM to log any and all error messages that may occur
during normal operations. This has been used to track
down some obscure problems that occur infrequently.

The PEM has proven itself to be a useful tool capable
of handling a wide array of tasks. Switching between
the operating modes with the assistance of the PEM has
been made almost trivial for the operator. Without the
assistance of the PEM, the method for switching
operating modes would require detailed knowledge of
all the systems, execution of all the switchover steps in
the correct order, and a lot of time.
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4 CONCLUSION

Without the use of the PEIM, the multiple operating
modes of the linac at the APS would not be possib[e.


