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ABSTRACT

We present the diagnostics and controls status of the Frascati
Superconducting LINAC Project LISA. The control system
philosophy has been completely defined and tested on the existing
ADONE accelerator, Two windows of the final LISA system have
been implemented and tested in the Laboratory. The beam position
monitor electronics has been tested. The position readout is stable
within less than 0.1 mm {peak to peak) over a wide range.

CONTROL SYSTEM

Hardware

The LISA control system philosophy has been already presented
in several papers [1,21. Briefly, it is splitinto three levels (see Fig.1)
where the first one (operator) is the human interface [3], the second
one (supervisor) is a general communication coordinator and
database storage and the third one (hardware) is the hardware
interface. The hardware is made up of Macintosh IIfx computers and
VME crates with Motorola MVME133 CPU's. Fast parallel buses
(MacVEE [4] and VMV [S]) carry command and data ransfer. The
high transfer speed makes it possible to have a single central
memory, lying in the second level crate and adjourned by the
supervisor, presenting at every moment the status of the system to
the consoles.

1700 messages per second or 400 Kbyte/sec transfer rates have
been measured [6].

The software environment is the CERN MacUA 1 Development
system [7] for the second and third level, with RTF FORTRAN [8]
as language. For the first level we have chosen HYPERCARD, and
we have implemented a set of XCMDs and XFCNs (External
Commands ard External Functions) [9] to allow interaction with the
VME hardware through a MICRON {10] interface. The XCMDs and
XFCNs are written using the MPW "C" language with Assembler
subroutines. The versatility and case of operation of Hypercard and
of its additions (HyperWindows, Supercard, PLUS) allow easy
implementation and fast updates of the human interface software,

Test on ADONE

A ficld test of the system has been carried out on ADONE, the
e+ e- storage ring operating in Frascati.

Beam steering in the ADONE LINAC is performed by a set of
30 coils, originally controlled by a bank of manual potentiometers.
This setup was a source of problems, not only because of the lack of
stability, but also because the rransition between two different states
of the machine (typically electron or positron injection) was slow and
cumbersome.

We have therefore implemented an automatic system capable of
fast transitions between different states and of continuous closed
loop control against stow drifts {11} .

The original three level structure has been reduced to two levels,
where the supervisor and the hardware interface have been
implemented in the same VME processor. This has been made
possible by the limited dimensions and by the uniformity of the
system.

The interface with the second level has been realized using two
different mechanisms:

i) .direct memory access to update the screen data, using the VME
memory which is continuously updated by the second level.
ii).message exchange with the second level CPU through two

mailboxes:

a) Commands from the console to the contro! processor to
activate an action.

b) Warning or Error messages from the control processor to
the console.

'.I'h_e.user interface is made up of a central data acquisition card,
four initialization cards and four graphic routine cards.

The main acquisition card (see Fig.2) shows a number of data
on the status of the system, and many buttons and controls to change
settings.

Four buttons allow 10 access graphical routine cards:

- time diagram of the current value of a selected coil;

- histogram of the current values in the coil ;

- ramp calibration (performed on line through a series of steps);

- space diagram of the current in the coils;

A setof 3 initialization cards allows to download software to the
lower levels and to set system parameters.
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Fig. 1: LISA conwol schematic diagram
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Fig. 2 : Layout of the control card for the ADONE LINAC coils
control

LISA CONTROL

The ADONE application has been applied to the first eight
solenoids of LISA, using the full three level system. Thus we have
been able to test in full the second and third level software. The
system is in operation in the laboratory using one of the real solenoid
power supplices.

We have also developed the control window for the RF chopper
(see Fig. 3). The central control mechanism is identical to the
solenoid window, to maintain uniformity throughout the control
system structure. This system has been implemented on a Macintosh
Plus to be used by the RF group during tests and construction in the
laboratory.

Several other windows are under development.
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Fig. 3 : LISA RF chopper control window

APPLES vs, BANANAS

Histograms and plots are necessary for any control system.
Using the Macintosh facilities, we have implemented a very
powerful and flexible wol for the classic task of plotting anything
{apples) as a function of everything else (bananas).

A Hypercard field gets data from anywhere in the control system
stacks, and creates a file containing the data in standard format. An
existing and powerful program for histograms (CricketGraph) is
then launched directly from Hypercard with the associated data file.
This way, with a minimum of effort, we have a very good graphic
package tied to our system. This is a good example of the advantages
of using standard, cheap and well diffused personal computers for
this kind of task. The amount of software available on the market for
very limited prices is enormous.
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Fig. 4 : LISA histogram package

DIAGNOSTICS

The beam current is monitored by toroidal current transformers
type Pearson 110A. An auxiliary winding provides a calibration
signal between successive beam bursts. Such monitors are placed in
the injector, at the beginning of the 1 MeV transport line and at the
beginning and the end of the SC Linac.

At the exit of the 1 MeV capture section the beam is fully
characterized by means of a specrometer line for the measurement of
the energy and energy spread, and a transverse cavity for the
measurement of the bunch length [12]. The transverse emittance is
determined by measuring with a computer controlied CCD camera
the beam transverse dimensions in a fluorescent screen at several
orientations of the phase-space ellipse according to the change of
strength of an upstream quadrupole. A Faraday cup is provided for
precision current measurement.

A retractable beam dump at the beginning of the SC Linac
accommodates another Faraday cup.

Beam position monitors ( BPM's ) are used to measure the beam
trajectory in the Linac and transport channel. With four BPM’s in the
1 MeV spectrometer section it 1s possible, in principle, to determine
the beam launch parameters (horizontal and vertical position and
angle, energy error).

The BPM's are designed to fit inside the quadrupoles of the
transport channel and in the quadrupoles between the RF cryo-
modules. The absolute accuracy of the beam position monitors is
required to be ~ 0.1 mm, compatible with the accuracy of placement
of the quadrupoles.

One BPM per quadrupole is provided. The BPM's consist of
four 50 € strip-line electredes {13] short circuited at one end inside
the vacuum chamber.

The sirips are two in the horizontal and two in the vertical plane.
The length of each strip is 0.15 m, so that the response has a broad
resonating maximum at 500 MHz, the Linac RF frequency. The
voltage response of the strip-line monitor is a doublet of pulses of
opposing polarity reproducing the time distribution of the beam
current and separated by [ nsec.

The narrow pulses are smoothed by the filtering action of ~ 30
m of RG223 cable connecting to the detector head and are fed to a
band-pass filter resonating at the bunch frequency of 50 MHz. The
resonant filter is built by a combination of a quarter-wave short
circuit coaxial transmission line and a low-pass filter .

The position detection is based on the phase modulation-
demodulation technique, whereby the amplitude ratio of two
opposing strips, bearing the position information, is converted by
means of a quadrature hybrid junction into a phase difference
between two equal-amplitude sinusoidal signals [14]. The sinusoidal
signals are then linearly amplified and clipped by fast comparators
(AM 685). The phase difference is measured by an exclusive-OR
circuit, whose average DC output is proportional 1o the beam
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displacement. A gate signal is provided by the beam timing system to
inhibit the detector in the absence of beam, thus avoiding noise-
induced false trigger to the detector electronics.

The main advantage of such type of detector is that it is self-
normalizing, allowing a wide dynamic range: in principle the
position information is independent of the current intensity.
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Fig, § : Swability of the beam position monitor readout vs. the
average beam current

Experiments with a prototype showed a stability of the readout
voltage corresponding to £ 60 um over a a macropulse average
current variation of ~ 20 dB below and 26 dB above the nominal
value of 2 mA (see fig. 5).

CONCLUSIONS

The LISA control system has been fully tested using an
implementation on an existing accelerator and building the first two
final windows. The structure has proven sound and easy to
implement in ditferent applications. The full svstem will be ready for
accelerator commissioning,
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