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Abstract

Central to the control and operation of the CERN
Antiproton Decelerator (AD) is the deceleration cycle
which involves accelerator sub-systems such as magnet
current, timing, RF systems etc. It is fundamental to AD
operation that these sub-system cycles are coherent and
an integrated AD Cycle Editor has been proposed to
guarantee this coherence. In the object oriented model of
the AD, the highest level of abstraction is the class "AD
Cycle" which is described in physical terms with an
associated set of operations. The accelerator sub-systems
inherit from this class thus guaranteeing coherence. The
model is implemented in the AD Cycle Editor, which
acts on the AD Cycle class and implicitly therefore also
on the sub-systems. In this paper the model of the AD
Cycle and sub-systems are discussed. The AD Cycle
Editor is also presented with comments on the results of
the commissioned system.

1  ANTIPROTON DECELERATOR
The CERN Antiproton Decelerator (AD) [1] is a

circular accelerator that decelerates protons or
antiprotons from 3.57 GeV/c down to 100 MeV/c
through intermediate levels at 2.0 GeV/c and 300
MeV/c. At these momenta, beam cooling takes place
using stochastic or electron cooling. The nominal AD
Cycle is shown in Figure 1.

Figure1: AD Cycle Specification

The full deceleration cycle is in the order of minutes
and the duration of the different intermediate levels are
varied regularly, either programmed or on the fly.
Experience with the Low Energy Antiproton Ring

(LEAR) which operated in a similar regime had shown
the necessity to be able to vary the momentum of the
intermediate levels or insert new levels anywhere in the
cycle.

The requirement for operational flexibility of the
cycle layout with respect to both the time and the
momentum axis had important implications with respect
to the accelerator systems to be controlled. In particular
the synchronization between the CERN PS and AD, the
timing system and the decelerating systems: magnet
power and RF.

The requirement led to a control system design  driven
by the operational need for cycle flexibility with the
constraint that coherence between all systems subject to
cycling – i.e. nearly all systems - be guaranteed.

An object oriented design approach was taken where
the AD Cycle was defined as a class with a few
fundamental operations. A number of sub-classes were
derived to manage different accelerator subsystems.

2  AD CYCLE CLASS AND DERIVATIVES
At the highest level of abstraction of the model, we

defined a class "AD Cycle" has been defined, to be
compatible with the accelerator operator view. The
operator sees the AD Cycle in physical terms of time and
momentum.

At the next level, a number of accelerator system
classes were defined that inherit the fundamental
constraints and operations from the AD Cycle class but
that have specific functionality to deal with the
implemented accelerator systems such as timing or
magnet current.

The AD Cycle is a base class that is defined by its
attributes and operations - in accelerator language:

Attributes:
• Sequence of  ramps and flat tops
• Momentum of flat tops
• Duration of ramps and flat tops
• Labelling of flat tops

Operations:
• Change momentum of any flat top
• Insert or delete a flat top
• Change duration of a ramp or a flat top
• Pause the execution of the cycle during a flat top
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The AD Cycle class definition is the root of a tree of
derived classes each of which deals with a specific
cycling accelerator subsystem as shown in Figure 2.

Figure 2: AD Cycle class hierarchy

Each of the derived classes inherits the attributes and
operations of the AD Cycle class and most of them also
implement specific attributes and operations. For
example the Magnet Power class also implements an
operation for changing the current level of a specific
power supply at a certain flattop.

3 AD CYCLE CLASS VERSUS SYSTEM
LAYOUT

The definition and design of the AD Cycle system is
object oriented. The implementation of the class
definitions is actually carried out at different levels in
the system and in different environments.

When designing the system layout at a hardware level,
it was tried to reflect the AD Cycle class properties as
much as possible in the systematic use of available
control modules. For example, the function generators
used to control the magnet power supplies are used in a
mode where the programmed function is a sequence of
ramp function segments and the flat top generation is
achieved by suspending the generation of the function
for the duration of the said flat top. By trying to
physically implement the systems as close as possible to
the top level class definition, the subsequent software
implementation of certain operations or attributes was
trivial or even non-existent. As in the example above,
the flat top duration is not actually programmed in the
magnet power function generators and yet the flat tops
are generated all the same.

The Timing & Sequencing derived class provided a
particularly interesting challenge. The timing and
sequencing system of the AD is an instance of the
Master Timing Generator (MTG) in use at the CERN PS
complex [2]. So far this MTG was used to control super
cycles composed of fixed length individual cycles,
providing a cycle-to-cycle modulation of the CERN PS
complex. The MTG is very versatile and could in fact be
used for the AD by dividing the AD Cycle into segments
of fixed duration and allowing it to dynamically insert
"do-nothing" cycles. This then provided the flexibility to
stretch the AD Cycle and synchronize it with the CERN
PS complex in spite of its different cycle length.

Because of its different origins, the timing system is
not a good match to the AD Cycle class definition and as
a result, the implementation of this class is complex.

4 AD CYCLE CLASS AND TOOLS

A number of tools have been developed that
implement the AD Cycle class definition. Here the class
hierarchy is found again. At the top level is the AD
Cycle Editor, a tool that allows the manipulation of all
the AD Cycle class attributes and operations and at the
next level there are tools that allows the manipulation of
specific attributes and operations of the derived system
classes.

The AD Cycle Editor controls the AD Cycle object as
well as - and this is very powerful - all derived systems.
For example, the single action of inserting a flat top in
the cycle with the AD Cycle Editor, is carried through to
all systems. This is transparent to the operator, reducing
effort and error.

As said, some of this control is implicit in the system
implementation. Otherwise the control is explicit either
by invoking the derived class implementations directly
or by triggering other systems that implement these
classes.

Without exception, all of the derived system classes
implement specific attributes and/or operations. In the
case of the B-Train and Field Lag classes, the specific
attributes vary rarely and they are maintained through
start-up files. The other derived system classes all
warranted individual editors to manipulate the attributes
and operations.

The integrated design approach taken has guaranteed
coherence between the derived classes. Ideally this
should be reflected in a coherent view of these classes.
This has been achieved by integrating the specific
editors for the Magnet Power  and Timing & Sequencing
classes into the AD Cycle Editor as alternative editor
modes. The other derived system class editors are not yet
integrated. A screen dump of the AD Cycle Editor is
shown in Figure 3.
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5  RESULTS

The system has been in production since September
'98 and a number of conclusions may be drawn.

The objective to provide an accelerator operator view
and control of central part of the AD, the AD Cycle, has
been achieved. Operations staff have a quick and
intuitive grasp of the AD Cycle Editor and have used it
successfully to set up the machine to decelerate protons
down to 100 MeV/c. This certainly validates the overall
design.

Another very positive aspect is that the design has
proved extensible. In two cases, the accelerator
commissioning revealed the need for additional
accelerator systems. The first was the Synthetic B-Train
and the second the flat top Field Drift. Both have a
cyclical behavior and were thus by definition submitted
to the AD Cycle class definition. In both cases the
definition was respected and these new derived system
classes were easily attached to the existing system.

On the down side, the AD Cycle Editor system on
occasions lacks speed, it may take several minutes to
carry out some of the AD Cycle  class operations. This is
mainly due to the necessity to carry out some of the
write actions at specific instants of subsequent AD
cycles. Since the cycle rate of the AD is in the order of
minutes the loading takes at least multiples thereof.

Giving the operations staff tools with a physics view
of the accelerator rather than a view linked to the
underlying system created another challenge. By not
showing the underlying system, little awareness is
cultivated of those underlying systems. In actual fact, the
knowledge of the entire system is embedded in the
system itself and with the developers - in spite of a
documentation effort to spread it. This means that

problems related to the system are difficult to analyse for
all but a few. This problem is particularly present in the
Timing & Sequencing class.

If the AD Cycle Editor system is powerful in
translating physics and operations needs into hardware
settings, a similar system is now needed to do the
reverse, i.e. diagnose and interpret low level problems at
a high level.
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Figure 3: AD Cycle Editor
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