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Abstract

This article describes the software and processing elec-
tronics of the systems used to measure eleciron beam tra-
Jectories for the new SSRL injector for SPEAR.

I. INTRODUCTION

The beam position monitoring system of the SSRL injec-
tor forms a vital component of its operation.[1][2] Several
different types of instrumentation are used to measure the
position or intensity of the electron beam in the injector.
These include current toroids, fluorescent screens, Fara-
day cups, the “Q” meter, a synchrotron light monitor, and
electron beam position monitors. This paper will focus on
the use of the electron beam position monitors to measure
electron trajectories in the injector transport lines and the
booster ring. The design of the beam position monitors
themselves is described in another paper to be presented
at this conference.[3]

There are three different beam position monitor systems
in the injector. One system consists of a set of five BPMs
located on the injection transport line from the linac to
the booster (known as the LTB line). There is a second
system of six BPMs located on the ejection transport line
(known as the BTS line). Finally, there is an array of 40
BPMs installed on the main booster ring itself. We will
consider first the booster BPMs.

II. BoosSTErR BPM SYSTEM

Beam position monitors are located at 40 positions
spaced equally around the ring. Of these, 21 are connect-
ed to the processing electronics. The connected BPMs are
mostly those installed at odd numbered girders of the ring.
Extra BPMs are connected at girders 14 and 16, just after
the injection point. There is no BPM at girder 13, since
its place is taken by a fluorescent screen.

Since the SSRL injector ramps from injection to ejection
energy 10 times a second, one of the design criterion for the
booster beam position monitor system is that it be able to
measure a series of electron orbits during a particular 50
millisecond ramp up cycle. As it would be far too expensive
to have dedicated processing electronics for each button of
each BPM, the later stages of the processing electronics
are shared by multiplexing the signals from the various
BPMs down into one four-channel set of electronics with
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one channel for each button of a BPM.

The multiplexing occurs in two stages. The first stage
is handled by a set of 12 ten-to-one multiplexer modules
known as R10T modules which use a design[4] developed
by SLAC for the SLAC Linear Collider project. The R10Ts
are grouped into three banks of four R10Ts each with each
R10T in a bank dedicated to a particular BPM button lo-
cation. The four pickup buttons of each BPM are arranged
in an orientation such that they pick up a signal to the up-
per left from the beam, to the upper right, to the lower
left, and to the lower right from the beam. This gives suf-
ficient information to calculate the z and y position of the
beam at that BPM. The four cables from a given BPM are
routed into separate R10Ts, so that all four buttons of a
BPM may be measured simultaneously. Each R10T has
one output, so there are 12 outputs to be fed to the next
level of multiplexing.

The second level of multiplexing is handled by a device
known as the “fast” multiplexer.[3] This is a four channel
device which switches any one of four inputs to an out-
put channel. Thus, there are 16 potential inputs and four
output channels. Since we currently use only 12 R10Ts,
only 12 of the inputs are used and the other four are left
disconnected. Each of the output channels of the “fast”
multiplexer corresponds to one of the four buttons on a
BPM, namely, upper right, upper left, lower right, or low-
er left.

The electronics that processes the analog BPM signal is
a combination of equipment designed and used by SLAC[4]
and custom equipment of our own.[3] The typical input
signal to our system is a mostly unipolar pulse, 2 ns wide,
with an amplitude of 10 to 50 mV. The signal first pass-
es through a 3 pole, 12 MHz high pass filter, which re-
moves the large noise signals generated by the modulators,
kickers, and other noise sources in the accelerator. Then
the SLAC RF BPM heads stretch and amplify the pulse.
The pulses are still the same amplitude, but now 20 ns
wide. The final analog stage is an integrating peak detec-
tor. Each pulse raises the output by one half the difference
between the input pulse amplitude and the current output
level. Negative pulses leave the output unchanged. Since
the periods of our machine tunes are less than 5 microsec-
onds and we sample each monitor for 25 microseconds, this
system integrates out the amplitude modulation caused by
the tunes. The voltage put out by the integrator is mea-
sured by a CAMAC-based Lecroy 6810 waveform recorder.
After a complete series of orbits is recorded, the waveform
recorder is read out by the control computer for display
and later analysis.

Guard times of 5 microseconds before and 10 microsec-
onds after the bank switching of the “fast” multiplexer are
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added to each BPM measurement for a total measurement
time per BPM of 40 microseconds. This guard time is
required since the “fast” multiplexer puts out a burst of
electronic noise when it switches. The R10T modules also
put out electronic noise when they switch, but the soft-
ware arranges that they are only switched at times when
the “fast” mux is looking at an R10T bank other than the
one which is switching.

This processing system was chosen because of its accura-
cy and simplicity to implement. The final stage electronics
are matched and linear over a dynamic range of 30 dB. This
allows us to use the same electronics on all BPMs, regard-
less of the differences in signal attenuation from one BPM
to another due to signal cable lengths. Our overall system
allows us to measure beam positions to an accuracy of a
few tenths of a millimeter over an order of magnitude of
beam current in the accelerator.

Since the booster BPM system is configured to allow for
30 BPMs to be read during a ramp cycle, the total amount
of time required to measure beam positions once from all
the BPMs is 30 * 40 microseconds or 1200 microseconds. A
dead time of 800 microseconds is appended to each meas-
urement cycle in order to make the measurement interval
come out to a round number, namely, 2 milliseconds. After
the end of each measurement interval, the CAMAC hard-
ware is progtammed to immediately start another meas-
urement cycle, for a total of 33 measurement cycles dur-
ing a given ramp of the booster. Thus, the BPM system
records measurements from 0 to 66 milliseconds into the
ramp, which is well past the peak magnetic field point at
50 milliseconds. Reading out the information from the
Lecroy waveform recorder, analyzing it, recording it in the
control system database, and setting up for the next scan
takes about one second. So, in practice, the BPM system
measures orbits from a ramp cycle about once every two
seconds. This has generally been found fast enough to give
good feedback to operators of the machine.

During a ramp cycle, CAMAC instructions must be sent
out at precise intervals in order for the measured orbits to
accurately reflect the nominal measurement times. Since
the main control computer is a multitasking system, it is
not well suited to performing this function. Therefore,
sequencing of instructions is ofloaded onto a Kinetics Sys-
tems list sequence processor installed in the BPM CAMAC
crate which functions as an auxiliary crate controller. Its
function is to ensure that the CAMAC commands are sent
out at a constani rate. The central control system com-
puter’s function in this case is to program the instruction
list in the list sequence processor, enable the BPM sys-
tem to receive an external trigger, and read out and pro-
cess the BPM data at the end of the ramp cycle. Once
the BPM system receives its external trigger, the list se-
quencer collects data asynchronously until it has recorded
its 33 measurement cycles.

The external trigger for the booster is provided by a
peaking strip. This is a device in the booster ring which
consists of a magnetic material with a very narrow hys-

teresis curve and a steep magnetization curve. Thus, a
change from a slightly negative magnetic field component
in the booster dipole magnets to a slightly positive field
causes the peaking strip to switch its magnetization from
full magnetization in one direction to full magnetization in
the opposite direction. This produces a pulse at the time
that the ring magnet’s magnetic field is at the field for in-
Jjection, which is used as a timing trigger by many systems
in the booster in addition to the booster BPMs.

The Lecroy waveform recorder in this system is pro-
grammed to digitize individual samples in each of its four
channels in synchronization with an external clock signal.
This clock signal is provided by a device known as the
“slow” multiplexer. The “slow” multiplexer is intended
for future expansion of the system to record other signals,
but it is currently used only to provide the external clock
for the Lecroy module. The command to the “slow” multi-
plexer to provide this signal forms part of the CAMAC list
programmed into the list sequence processor. This mode of
operation of the Lecroy module is not standard for it, since
it normally expect the clock signal to always be present.
But with some amount of work, it has proved possible to
use the 6810 in this mode.

Once the BPM signals are read out of the Lecroy mod-
ule, the control system takes sums and differences between
the four signals, upper right, upper left, lower right, and
lower left. These are used to calculate the z and y position
of the electron beam at that BPM for that measurement
cycle. This information is stored in the form of 33 complete
orbit measurements in the control system database. The
orbit measurement may be paused at any time to allow the
orbits to be recorded to permanent storage. A program al-
so exists that reads a given measured orbit from several
ramp cycles and averages them to give better statistics for
the orbit measurement.

A sliding buffer of 10 of these measurements is displayed
on an operator menu, which allows the operator to see the
electron orbit change as a function of time. An example of
the appearance of one of these menus is shown in Figure 1,
which demonstrates the “waterfall” effect used to achieve
an illusion of depth.

III. TRANSPORT BPM SYSTEM

The beam position monitor systems for the injection and
ejection transport lines use the same kind of BPMs as the
booster BPM system, differing in the processing electron-
ics and the software interface. The transport line BPM
system design faces a different kind of challenge from the
booster BPM system. Instead of having to make many
measurements over a period of tens of milliseconds, the
transport BPM system must only make a measurement
once every 0.1 seconds or more. However, it is important
that the measurement be made at precisely the time the
electron beam is passing.

The transport BPM systems also use R10T's to multiplex
signals from multiple BPMs, but since each transport line
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Injector control system horizontal orbit menu

has less than 10 BPMs, a second level of multiplexing is
not necessary. Thus, the outputs from the R10T modules
are fed into RF heads and then sent on to a pair of dual
track and hold modules built by SLAC[4] which function
as peak detectors. The transport BPM systems make use
of a feature of the RF heads not used by the booster BPM
system. This is the ability to sum the signals from each of
its inputs to provide an output trigger signal which is used
to reset the dual track and hold modules. Since the dual
track and hold modules once triggered will simply store the
largest signal they see, it is not necessary to synchronige
the operation of the BPM system in any other way. In
fact, the R10Ts are multiplexed asynchronously from any
external trigger, with the only requirement being that they
must dwell on a particular BPM for 0.12 seconds to ensure
that the electron beam has passed through the BPM at
least once. The control computer computes sums and dif-
ferences of BPM button signals in a similar manner to the
booster BPM system and displays the calculated z and y
positions on a computer menu.

Some problems have been encountered in the operation
of the transport BPM electronics while the injection and
ejection kickers are on. The problem is that the kickers
generate RF signals that propagate down the beam pipes
to the locations of the BPMs and induce signals in their
processing electronics. During normal ramping, this kicker
“noise” is sufficient to trigger the dual track and hold well
before the passage of the electron bunch, except for the first
two BPMs in the injection line. This is not that much of a
problem for steering the injection line, since one can turn
off the injection kicker until the beam has been well steered.
This solution is, of course, not possible for the ejection line,
since if the ejection kicker is turned off, there is no beam in
the cjection line. In actual operation, the normal practice
has been to use the automatic measurement system for the
injection line and steer through the ejection line by looking
at the BPM signals directly on an oscilloscope.

The fact that the first two BPMs in the injection line
are sufficiently far enough away from the injection kicker

for its noise to not perturb them is quite fortunate. This is
because position information from the second LTB BPM
(the BPM after the first bending magnet) is used by the
linac energy feedback system as a measure of the current
acceleration energy of the linac. This feedback system is
described further in another paper to be presented at this
conference.[5]

IV. CONCLUSION

The injector beam position monitor systems have suc-
cessfully been used to measure electron orbits and to di-
agnose configuration problems. The booster BPM system
has proved capable of measuring orbits at intervals of 2
milliseconds during the ramp every two seconds. Further
development is in progress to improve the system.
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