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Abstract

This paper describes the pulse modulator power supplies
used to drive the kicker magnets that inject the muon
beam into the g-2 storage ring that has been built at
Brookhaven. Three modulators built into coaxial
structures consisting of a series circuit of an energy
storage capacitor, damping resistor and a fast thyratron
switch are used to energize three ma=wets that kick the
beam into the proper orbh. A 100 kV charging power
supply is used to charge the capacitor to 95kV. The
damping resistor shapes the magnet current waveform to a
450 nanosecond half-sine to match the injection
requirements. This paper discusses the modulator design,
construction and operation.

INTRODUCTION

The goal of high energy physics experiment AGS 821 is to
make precision measurements of the muon g-2 value.
These measurements require the use of a super-conducting
storage ring to store a circulating muon beam. The muon
beam intensity in the storage ring is increased by moving
the beam into the proper orbit with three kicker magnets
after injection.

The kicker magnets are located in the ring, down
stream of the inflector. Each of the three kicker magnets
is driven by its own pulse modulator power supply. The
kicker system deflects the 3.094GeV/c momentum beam
10 mrad’.

The initial development of the pulse modulators can
best be described as long and arduous. The fiist prototype
model used a sparkgap as a switch. While the modulator
was able to produce the correct current amplitude and
waveform, switch life was limited to at most one million

pulses~. The spark gaps of various manufacturers were
tested with no improvement in switch life. Many months
of R&D were invested into looking for causes and a
solution to electrode deterioration. The gap electrodes
were replaced with electrodes of different materials but

they failed because of metal migration, pitting and
sputtering.

~ ~~~kgapThe prototype structure was moMie an
was replaced by a high voltage thyratron. The modulntor
was pulsed over three million times without failure.

The modulator is a simple low inductance coaxial
structure consisting of a grounded cathode thyratron in
series with a damping resistor, energy storage capacitor
and the kicker magnet. The capacitor is charged b:y a
resonant charging power supply. The series discharge
resistor provides a load for the circuit. The resistor value
was chosen to limit the thyratron current during discharge
and to reduce the pulse reverse voltage.

Because of the sensitivities of other systems and
instrumentation associated with the storage ring, much
thought was given to electromagnetic compatibility
(EMC). Consideration was given to the isolation and
grounding of all parts of the system. Prevention of
electromagnetic interference (EMI), from the high energy
circuits was accomplished by using a totally enclosed
outer conductor of the modulator and the magnet chamber.
Power supply and magnet currents are kept inside to
provide a continuous low noise grounding circuit with no
externat conducted or radiated EMI. A1l power-wiring
conductors are filtered. Instrumentation shields and
cabinets also required planning and care@dly placed point
grounds.

The associated trigger timing system, auxiliary power
supplies, and controls are located inside the g-2 ring
adjacent to the modulators.

DESIGN AND SIMULATION

The modulator is required to generate a nominal 450 nsec

haIf-sine 4.3 kA peak current pulse in the kicker magnet.
It must operate in a burst mode of six pulses at a 30 Hz
rate with a 2.5 second period. Future requirements include
doubling the number of pulses to 12.

Computer simulations were used to optimize the
simple RLC circuit so that the current amplitude and pulse
length requirements could be met with realizable
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machine, from magnets for beam optics, to beam position
monitors, to cryogenics.

‘The’back end tools at JLab are run on HP-UX UNIX
machines, and consist of a mixture of the general purpose
EPICS tools, such as viewers, archivers, and machine
configuration save and restore tools, as well as in house
developed applications. In additiow JLab uses a higher-
level protocol called CDEV, for Common DEVice [2].
CDEV provides the advantage of making EPICS
variables, and variables from other sources available to the
user in such a way that they can be accessed with the same
interface. Many of the existing tools for EPICS are being
ported to CDEV, and much of the new development at
JLab is based on CDEV.

CDEV is particularly well suited to developing servers,
since a Generic Server engine is provided [3]. This is a
simple software construct that can be used to rapidly
develop rniddleware servers. It provides the framework
for monitoring existing values from the control system
and for creating new attributes to be monitored by the
back end servers. While enhancements to this framework
are sometimes needed when developing an application the
developer is generally free to concentrate on developing
the algorithm associated with processing the data, rather
than being concerned with the framework and
communications structure.

3 USES FOR SERVERS

Thereare may ways middleware can be used. As the
authors continue to develop applications, more uses for
these servers present themselves.

3.1 Servers as online data sources

One of the primary areas in which servers are useful is in
providing or storing information to the control system that
would otherwise either not be available, or that might be
stored in front end machines needlessly. The servers can
be constructed to contain CDEV variables that can be
rea~ set or monitored by users. These values do not need
to come from the front end servers, but can be standalone
values. Virtually any arbitrary value, from the names of
the current operations crew to theoretical machine
parameters can then be used just as if they were control
system values.

Additionally, these servers can be built wim logic of
their own. While still not manipulating the control systen3
they can be loaded with theoretical values for certain
parameters, and calculate new values from these, perhaps
using one or more control system values in the
computation. Since such servers run on inexpensive UNIX
workstations, the load of performing these calculations is
moved off of the front end computers.

At JLab, our Model Server Artemis is an example of
such a server [4]. Two instances of this application are
used. Both are initially loaded with the theoretical optics
for the machine. l%e second instance of the model is the

periodically updated with actual values for components
from the machine. Based on these input values, transfer
matrices, alpha and beta values etc. are calculated and
made available to optics applications.

Additionally, informatim about the locations of signals
(which front end server a particular channel resides on) is
stored in such a server. This is used+ along with modit%d
versions of back end tools, to speed connection time when
accessing control system ~ihannels [5].

3.2 Servers as controllers

Another useful application of the server is as an actively
controlling program. In this capacity, the server functions
as a less deterministic feedback system. The server
monitors a number of values related to certain parameters
of the control system. 13ased upon these values, new
parameters are calculated and loaded back into the
machine. This can continue periodically. In additiom the
server allows the controls for the algoriti such as
parameters, whether to qpply changes or no~ etc., to be
made available as control system signals. This makes
monitoring and controlling the behavior of the server
simple.

At JLab, we use such iservers for several beam control
applications. Three servers fall into the catego~ of
‘lcdcs”. These servers monitor parameters of the beam –
position within the beampipe, energy, and current – and
try to “lock’ them to some predefmed value [6]. This is
accomplished by reading the current value of the
parameter one wishes to 10cIGcalculating new values for
parameters that modify the desired parameter, and
applying those changes to the control system. As an
example, for beam position one would read the values of
BPMs (Beam Position Monitors), determine where and by
how much the beam is deviating ffom the ideaL and apply
changes to steering magnets to return the beam to the
optimal location. These servers perform these checks
every 1 to 5 seconds, dqpending on the cordigumtion of
the accelerator.

3.3 Servers as monitoring systems

Servers can also be used to provide online monitoring of
values in the system for diagnostic purposes. Most control
systems provide some mechanism for noticing if a single
signal exceeds predefinecl limits and bringing this to the
operators attention. Sewers provide the benefit of
monitoring multiple signals and inferring when a value is
bad based upon its relationship with other signals.

The server can also monitor values from multiple
signals, and calculate new values from these signals – a
“value added sigml. As in the case of the onliie dats
sources, doing the processing at the server level saves
CPU load on the front end servers, leaving them free to
control hardware. It is also superior to calculating these in
the client program if multiple clients need this combined
information.
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At JLab, this style of server is used for enhanced alarm
servers, which monitor special parts of the machine and
alert operators of trouble based on complex algorithms
involving multipie signals. Additionally, this style of
server is used in a program which calculates changes to
the machines energy at a very low level, allowing
interested parties to notice changes in the system.

Additionally, a new more generic form of this server is
being explored. The proposed tooL called the Automator,
is intended to allow for generic, user defii instances of
such a server to be created and used [7]. The server could
monitor for specific alarm conditions an~ optionally, take
predefmed actions when such conditions occur.

3.4 Servers as cciching &vicew’concentrators

Finally, servers can be used to cache or concentrate
signals that am frequently accessed. By modifying the
information flow so that the back end clients access the
middleware server rather than the front end machine
directly, the load on the front end machines is reduc~
again fke.eing these machines for hardware control and
processing. This type of server is often combined with
some of the functionality of the monitoring servers
mentioned above.

At JLab, we use a hybrid of this type of server and a
monitoring server for BPM data. Whh many BPMs, and
many applications interested in using them we created a
server to monitor this data. Multiple clients then comect
to the middleware server, rather than connecting directly
to the tlont end machine, which now has less comections
to service.

Our server also provides several additional services. It
monitors the status information provided by the BPMs and
produces enhanced status information. It filters out
transient failures in the BPMs, and attempts to ensure that
dfierent attributes of information about a given BPM are
correlated in time. This ensures that the client sees an
accurate picture of the machine status.

4 EXPERIENCE

The experience the authors have had with these servers
has generally been positive. These servers seem to provide
a reliable, simple way of implementing what would
otherwise be very complex actions. There have been
problems associated with these servers, as there are with
all software application and perhaps a tendency to use
the tool to try to solve idl problems, but the concept seems
to be very sound.

The authors have also found that these servers have
practical limits to how large or how rapidly they can
process information. Since these servers are monitoring
values, and posting moNtors to clients on changes, one
must be careful not to overburden the code. One server
developed on site attempted to process one hundred
million events (changes in the control system that required
modification to virtual variables) per day, or about 1000

events per second. The peak load during transient events
(such as beam turning on or off) was much ~gher than
1000 events per second. This server exhibited occasional
problems with coherence with the control system
particularly immediately foUowing high event count
peaks. The solution was to split this server into small
servers, to reduce the high number of events handled.

Similarly, the active feed back programs, or locks, hawe
a Iiit on how fast they can process. This is partially
determined by the algorithm and the time needed to
calculate a solution, but is also limited by the time needed
to monitor the signals from the control system. For
numerically intensive calculations a feedback loop of
approximately lHz. seems to be a comfortable top speed
for such servers, when running on a Hewlett Packard K-
class machine.

5 CONCLUSION

Inconchtsiom these servers offer the developer a powerfiul
tool for enhancing capability, often without the need to
further burden front end servers or mod@ testd working
tkont end code. It is not a panacea for every control system
problem but when used properly is a powerful and
effective way of addressing certain software problems.
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