SLAC-PUB-6472May 1994(N)ACCELERATOR CONTROLS AND MODELING*JEFF CORBETT� and CLEMENS WERMELSKIRCHEN�Stanford Synchrotron Radiation Laboratory, Stanford Linear Accelerator CenterStanford University, Stanford, CA 943099.0IntroductionThe first part of this chapter provides an overview of the general requirements formodern synchrotron light source control systems. This description covers differentcomponents, architectures, and aspects of the operator interface. In addition, features ofthe computer infrastructure, on-line communication facilities, and front-end interfaces aredescribed. As the control system is a central part of any accelerator, it interacts with manyof the hardware components described in other chapters, and provides exchange, storage,manipulation, and display of data. The control system also contains hardware calibrationconstants needed to run machine analysis and control programs. The second half of thischapter provides an overview of accelerator models with particular attention to acceler-ator control. The model is an important part of the control system because it helpsphysicists adjust the operating conditions. To understand the role of the model, from itsinception in the accelerator design phase to its application for machine control, we firstconsider the components of the model and the interface to the control system. We nextderive physical parameters from the model: transport matrices, beta functions, closedorbit perturbations, and the synchrotron integrals. Many of these parameters can bemeasured experimentally. Procedures to determine calibration constants that make themodel agree with experimental measurements are outlined. The final section concentrateson model based machine control.9.1Control System OverviewA general function of the accelerator control system is to establish coordinationbetween all hardware components, so that the goal of the accelerator, to control a chargedparticle beam over a certain period of time, is accomplished. Specifically, the goal of anaccelerator may be to produce electrons (or ions) in a beam with short pulse duration, or abeam stored for a long period of time, but the basic requirements of the control systemand its components are similar for all accelerators.Control systems have always been adapted to the specific needs of each individualaccelerator. But over the years, the technologies used for the control systems (and so thearchitecture) have undergone significant changes. In fact, the differences in the controlsystems are usually driven more by the development of technology and component cost(mainly computer and microprocessor development) than by the scientific goals of theaccelerator.

˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚˚*Work supported by the Office of Basic Energy Sciences, Department of Energy contract DE-AC03-76SF00515.�Author e-mail: corbett@ssrl01.slac.stanford.edu and FAX: (415) 926-4055, andauthor e-mail: wermelsk@vms.gmd.de and FAX: +49 2241 14 3002.

2The following sections will discuss the typical layers of a synchrotron light sourcecontrol system from the hardware level to the operator interface, and touch on moresophisticated controls. At the same time, this development provides an overview of thehistorical evolution of accelerator control systems.9.2Control System BasicsOther chapters of this book describe the hardware components needed to buildand operate a synchrotron light source. Here, we will show how these components areconnected through the control system.From the point of view of the control system, each hardware component consistsof a set of control signals, either to control the device or to monitor the device status. Inthe very simple case, for instance to set the field strength of a magnet, the control systemprovides a low-level control voltage to the power supply, which in turn drives currentthrough the magnet. At the same time, an electronic sensor detects the current goingthrough that magnet and passes this information back to the control system computer.The first control systems consisted of potentiometers (knobs) and ammeters to performthe task of controlling devices like power supplies. As accelerators grew larger, thenumber of components increased and the components were spread over a larger area, soother control system techniques had to be developed.The simple example of magnet power supply control shows all the maincharacteristics of any modern control system. Assume, for instance, the operator wants toadjust certain parameters of the beam. For this, the operator sets the magnet strengths,and the new power supply currents are calculated from calibration constants. Each powersupply is adjusted by setting the control voltage through the control system. There is inprinciple no difference if the control is from local knobs or from the computer interface.The operator then checks the correct operation of the power supply by measuring thesupply current. Again, there is no difference if it is through local meters or from valuesdisplayed by a computer. The power supply may also have switches and status indicators.This binary information (on/off) is part of the control system, and can be controlled ormonitored.This simple example illustrates the following basic functions required of anyaccelerator control system:¥it consists of everything between the operator and the hardware that is needed tocontrol and monitor each device¥it gives the operator access to the accelerator from the control room or any office(via computer network connection)¥it transfers information from all devices, potentially spread over a large physicalarea, to one or more locations where this information is needed¥it provides analog set point values¥it accesses analog readback values and¥it sets digital or binary values, and processes single bit information

3Modern synchrotron radiation sources include more complicated devices thanmagnet power supplies, but each device is similar from the point of view of the controlsystem. The radio-frequency (RF) drive system, for example, when looked at as a blackbox, is controlled by exactly the same kind of electrical interface signals. The differenceis that the analog set point values control the RF power applied to the cavity. For thecontrol system, it is the same task as before; i.e., provide set point values, monitor powersupply values, or set and monitor digital control signals.The tasks of the control system defined so far are simple, in the sense that thecontrol signals are constant in time (DC). Accelerators also include components that arecontrolled with time correlations between each other. The injection system, for instance,might include a linac, booster synchrotron, and injection and ejection hardware. In thiscase, the control system must synchronize time-related signals so that these componentsoperate appropriately during each acceleration cycle.For these applications, depending on the type of hardware device to be controlled,the control system provides trigger signals for well defined events (linac, septa, kicker),and provides analog set point values that evolve in time (waveforms). For a boostersynchrotron, both the RF and magnet currents require time evolving waveforms duringeach acceleration cycle. Time evolving signals are also acquired to detect beam position,component instabilities, and feedback system signals.9.3General Control SystemsDuring the evolution of accelerators and their control systems over the last 50years, the control of the accelerators has become more and more complex. In place ofknobs, meters, and oscilloscopes, there are now front-end interfaces, computer controlsand work stations. The basic task of the control system is still to allow operators tointeract with the accelerator, in particular to set and monitor the machine parameters. Butin the context of modern control systems with object-oriented databases, the meaning ofeach machine parameter can now be more general.Today, each accelerator control system is built around a specific computerarchitecture which serves as the system infrastructure. The selection of infrastructure hasbecome increasingly important as computer speed increases and costs decrease. Theenhanced computing power allows much more sophisticated handling of machineparameters, more complex on-line calculations, more accurate simulations of machinephysics, and more user friendly operator interfaces.Accelerators also have been built to reach higher particle energies. This hasspread the hardware components over a larger area. Fortunately, local area computernetworks have evolved, and these high-speed networks can be incorporated into theaccelerator control system. The function of the local area networks is to connectdistributed processors to central processing computers and distributed operator consoles(work stations).A modern control system is structured into hardware and software layers thatmanipulate data on different levels of abstraction. The bottom layer interacts with theelectrical signals where the processors have to implement real-time control. The top layerprovides the human interface where operators can control the accelerator. The layers in

4 (x,x') 2 = R(x,x') 1 , R = R 11 R 12

R 21 R 22 . x''+K(s)x = 0 .

x(s) = x o β(s) cos[ϕ (s)+ϕ o ] ,

σ σ ( ) ( ) , s s

T

2 1

= R R

σ 11 σ 12

σ 21 σ 22

= β − α

− α γ {β

o

,α

o

,γ

o

} = S{β

o

,α

o

,γ

o

} ,

ϕ (s) = − ds β(s) o s ∫ M x o

x' o

+

0

θ

= x o

x' o

, Δx

j

= Δθ

i

β

i

β

j

2sinπν

• cosν (π− |ϕ

j

− ϕ

i

|) ,

M =

R11 R12 R13 R21 R22 R23 0 0 1 ,

M( , ', ) ( , ', ) , η η η η 1 1 =

ρ (x,x') =

1

2π ε exp − γx

2

+2α xx'+βx'

2

ε

.

β i β j

2sinπν ⋅cosν(π− |ϕ j − ϕ i |) , β = β ο + Δ β , ϕ = ϕ 0 + Δϕ , ΔC = dΔC

dk

Δk

+

dΔC

dθ

Δθ

+

dΔC

dg

Δg + dΔC

dδ

Δδ ,

x

bpm

+ Δx

bpm

= Cθ + QΔx

q

+ ηΔP

P

o

, Δx = CΔθ , F(n) ∝

1

n

2

− ν

2

, Δθ = (C

T

C)

− 1

C

T

Δx .