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Abstract

An image-analysis system, based on commercially
available data visualization software (IDL [l]), allows
convenient interaction with image data while still
providing calculated beam parameters at a rate of up to 2
Hz. Image data are trartsfemed from the IOC to the
workstation via EPICS [2] channel access. A custom
EPICS record was created in order to overcome the
channel access limit of 16k bytes per array. The user can
conveniently cdlbrate optical transition radiation (OTR)
and fluorescent screens, capture background images,
acquire and average a series of images, and specify
several other filtering and viewing options. The images
can be saved in either IDL format or APS-standard
format (SDDS [3]), allowing for rapid postprocessing of
image data by numerous other software tools.

1 INTRODUCTION
The Advanced Photon Source [4] linear accelerator

system [5] consists of a 200-MeV, 2856-MHz S-band
electron linac and a 2-radiation-length-thick tungsten
target followed by a 450-MeV positron Iinac. The linac is
designed to accelerate 30-ns-long pulses containing 50
nC of electrons to an energy of 200 MeV at 48 pulses per
second. The 480-W beam is focused onto a tungsten
target that serves as a positron converter. Positrons [and
electrons] are re-accelerated fkom the target to 450 MeV.

The Iinac was recently outfitted with a therrnionic rf
gun [6]. A BNL-Gun IV photocathode rf gun [7] and
glass drive laser will be added in the next few months,
thus allowing the Iinac to become a free-electron laser
(FEL) driver [8]. The ability to extract accurate, on-line
measurements of important beam parameters from image
data has become ever more important in view of the
recent upgrades, thus the imaging system has been
significantly improved over the past few months. Beam
emittance, profiles, spot size, and spot shape are all
valuable in tuning and debugging the Iinac and
understanding its behavior.

The APS Iinac’s original image analysis systems were
based on high-performance pipelined image processing
hardware (Datacube MV20/MV200 [9]) residing in a
VME crate and controlled with EPICS software. The
pipeline architecture of the Datacube modules allows for
pixel manipulation while the image is being digitized and

“/0routed to image memory. Additional on-board hardwar
provides arithmetic operations and statistical analysis.
These capabilities can be used to implement many image-
processing algorithms, which kan fimction at the full 30-
Hz frame rate of the incoming video.

Tlis advanced capabili~ has a price. In addition to a .”
sizable investment in hardware, extensive knowledge and
training are required to properly configure, program, and
test the pipelirted hardware. All processing must be done
in the VME environment which requires a system reboot
when new features or changes are implemented. The
learning curve is substantial, thus many desirable features
are never actually implemented.

Since the original image anrdysis system was
implemented five years ago, significant increases in “
workstation and network performance have made it
feasible to accomplish limited image analysis with a
workstation-based tool. The advantages are

= Able to use high-level software, such as IDL
‘ Easy to modify, enhance, and debug
= User-friendly access to file systems for saving,

restoring, and manipulating data
“ GUI interface
~ Video-capture hardware knowledge is unnecessary “

The disadvantage is that speed is compromised.
Table 1 lists benchmarks of some typical image

analysis operations. These statistics demonstrate that if
system requirements demand frame-by-frame processing,
the only solution is an image processing system designed
for that task. If, however, it is sufficient to perform the
analysis at a l-Hz rate, other options can be considered.

Table 1. Benchmarks of Some Typical Image Analysis “
Operations

IMVME lSun lPentiun3IMV200 I
167 Ultra 2 90MHZ 512x480

Proc. 68040- IDL IDL Image
25MHz Processor

Backgr. 146 ms 14 ms 55 ms No
Subtr. O/head
Sum X 263 ms 24 ms 90 ms 2.3 ms
Sum Y 166 ms 10 ms 25 ms 2.3 ms

A workstation-based image analysis program that
maximizes the capabilities of our hardware was
developed and is currently in use at the APS linac. It was
written in IDL (Interactive Data Language), a powerful
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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proper RF impedance. Three sections of the chopper
plate assembly are shown schematically in Figure 1.

125!2
coaxial

Debj Liiel
17.14 ns
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Fig. 1 Schematic of TWC deflector plate assembly and
its incorporation into the overall transmission line.

The defhxtor’s characteristic impedance is 125Q
which results from the stripline electrede gap of 3.8 cm
and width of 1.5 cm. Each of the stripline electrodes is
attached to a pair of 125K2coaxial connectors. Coaxial
cable delay lines are connected in series with the stripline
deflectors. The delay lines are used to match the chopper
pulse propagation time to the beam velocity. Transition
from stripline geometry to coaxial geometry is facilitated
by tapering the stripline electrode ends. The tapered
ends are paired with a special ground plane electrode
assembly (not shown in Fig, 1) that maintains the 125!2
impedance. The chopper electrodes and water-cooled
&lay lines are contained in a 0.56 m long by 0.44 m
inner diameter cylindrical vacuum chamber.

Each of the nine 3.35m-long delay limes are made
from 122.5 Q semirigid coaxial cable[3]with a center
conductor diameter of 0.0325 cm. The small cross
sedion results in significant ohmic heating which
requires dkect cooling. A water cooled stainless steel
form is used to support the nine delay lines and provide
cooling. The delay lines are coiled on the water cooled
form and iridium soldered for good thermal contact.
About 120 watts will be disipated along the delay line
during normal chopper operation. The last stripline
deflector is terminated in a 125 Q 4000 watt air-cooled
resistor array.

In the quiescent mode, the plates have a vertically
deflecting voltage of up to 1000 volts, effectively
blocking the transmission of any beam through the
&vice by deflecting all particles vertically onto a set of
slits 2 meters downstream. When a bunched beam pulse
arrives at the start of the deflecting plates, a zero voltage

pulse of 17 ns width or greater is propagated down the
chopper, providing a transmission window with no
deflecting voltage as seen by the desired beam pulse. At
a repetition rate of 12.125 MHz this generates up to 1648
watts of heat into the termination resistor.

Three Elmac [4] 4CW2000A tetrode vacuum tubes
are used in parallel as an electronic switch. The plates of
the tubes comect to the chopper transmission-line
assembly as shown in figure 2. When the vacuum tubes
are cut off, chopper electrode voltage is maintained at the
cutoff value of up to 1000V. Pulsing the tubes into
conduction causes 8.0 A. of plate current to flow for
about 20 ns. The pulse of current reduces the deflector
electrode voltage to zero just as an ion bunch enters the
deflector array. The zero volt window propagates
through the transmission line array in phase with the
desired beam pulse terminating in the 125 !2 resistor
load. This occurs at a 12.125 MHz CW rate.

Particles in the timing tails will see some deflection.
This is fiimized by minimizing the fall and rise of the
voltage pulse. The effect is weighted by the fraction of
transmitted particles in the tail regions. Even this effect
is lessened compared to the sine wave chopper since the
deflection is always in the same direction for the
traveling wave chopper, whereas the leading and trailing
beam tails are deflected in opposite directions in a sine
wave chopper.

3 FIRST TEST RESULTS
Theprototype chopper system was mounted in a

vacuum chamber on the PII injection beamline. A photo
of the prototype assembly is shown in Fig. 3. The delay
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Fig. 2. Schematic of the TWC and tetrode final stage
with FET grid drivers.
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line for this test was made from RG-63 coaxial cable with
the outer insulator removed to improve its vacuum
properties. Even so the vacuum obtained was barely
adequate for these tests and even at 5% duty cycle,

Fig. 3. Photo of traveling wave chopper transmission
line deflection plate assembly with clamp electrodes in
place, A portion of the ground plane electrodes are
shown to the side.

A beam of 538 keV 1605+with a velocity of 0.0085c
was provided by the ATLAS ECR ion source and
bunched by a 4-harmonic buncher operating at 12.125
MHz. For this beam, a voltage of 500 V was adeqtite
for complete beam cutoff using only the upper delay line.
The lower delay line was used as a DC ground plane. A
DC offset voltage of -150 volts was applied to the lower
ground plane electrodes to minimize beam steering
arising from the inability to completely achieve Ovolts on
the transmission-line electrodes. For these tests, a power
supply with the required power and rise time was not
available and a smaller supply was use@ limiting the
tests to a 570 duty cycle.

At 500 V applied deflection, excellent pulse definition
was achieved. The voltage pulse waveform is shown in
Fig. 4. No beam leakage between pulses was observed.
100% cutoff was achieved. These results are in
agreement with the calculated voltage and indkated the
system was working as expected.

The transverse beam emittance was also measured
using the quadruple method [2]. The original sine wave
chopper was also immediately upstream of the new
chopper and so it was uossible to measure the transverse.-

beam emittance with both devices and obtain a dwect
comparison. Emittance measurements were
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Fig. 4. Actual pulse shape waveform achieved in
prototype tests of the TWC. Total voltage fall time is
approximately 15 ns.

obtained using both choppers for byim bunch widths of 3
ns and 18 ns FWHM through the chopper plates. Table 1
shows the results of those measurements. The emittance
degradation in the chopping plane caused by the sine
wave chopper is dramatically demonstrat~ especially
for the poorly bunched beam. In contrast the TWC
shows no emittance growth for narrow pulses and less
than a 25% increase in emittance for an 18 ns wide
beam. Completion of a full power version of the TWC is
expected by the end of the year.

This work was supported by the U.S. Department of
Energy, Nuclear Physics Division, under contract W-3 1-
109-ENG-38.

Table 1. Measured growth of the beam emittance for a
538 keV 1605+beam due to the effects of a sine wave and
traveling-wave chopper (TWC).

Bunch Chopper &xn ~Yn

Width (ns) Type (n mmomr) (7cmmomr)
3.0 none 0.09 0.09
3.0 sine 0.13
18 sine 0.17
3 Twc 0.10
18 Twc 0.12
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