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Summary 

The evolution of working accelerators invari- 
ably requires increasingly flexible beam manipu- 
lation to fulfill the demands of high energy physics 
experiments. The following reports on a hybrid 
digital-analog system that provides intricate beam 
manipulation programs for use with the Argonne 
Zero Gradient Synchrotron (ZGS). It describes 
the system requirements, the design philosophy, 
the equipment developed to fulfill these require- 
ments, and finally, the present performance of 
this equipment. Figure 4 shows one view of the 
completed system. 

System Requirements 

There are five major requirements to be met 
in any system designed to provide the flexibility 
and control necessary in developing ZGS targeting 
programs. 

1. The system must provide an adjustable 
analog waveform compatible with the ZGSmaster 
oscillator. The*system output must be reproduc- 
ible to within 1OmVand noise must be held to less 
than 3mV.. Higher noise levels may lead to beam 
losses throughout the entire acceleration process. 
Signals of 2 10 Vare necessary to allow the accel- 
erated beam to be moved to both inner and outer 
vacuum chamber walls. 

2. Compatibility with the ZGS programmer is 
also a requirement1 The timing pulses available 
from the programmer lead to a pulse controlled 
and synchronized waveform generator. 

3. Constant rate spills up to 500ms in length 
are common slow spill requirements for high 
energy physics experiments at the ZGS. The 
system designed must then be part of a closed- 
loop between the targeted beam and the master 
oscillator. Targeted beam information is avail- 
able from photomultipLiers located near the tar- 
get area straight section of the ZGS. 

4. In the case of bubble chamber experiments, 
short (less than Zms) RF beam spills are often 
used. To provide uniform chamber pictures, it is 
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desirable to limit the number of particles trans- 
ported to the chamber. To fulfill this requirement, 
the generated analog waveform must be able to be 
stopped, started, or in some selectable way be 
modified by an incoming pulse; e. g., a pulse that 
is derived froma particle count to a bubble chamber 
could be used to cause the removal of the proton 
beam from a target. 

5. The ease withwhich the targeting programs 
can be set up and adjusted required readily acces- 
sible analog controls. This allows the operator to 
adjust the generated waveform by a combination of 
dial controls. There are a large number of subtle 
decisions to be made in obtaining high quality beam 
spills in the shortest possible time. This fact 
leads directly to the use of a human operator (capa- 
ble of making such decisions) as the feedback ele- 
ment between obtained beam spill and the proton 
beam position controller. Wideband radial position 
changes are obtained by analog techniques as dis- 
cussed in (3) above. 

Design Philosophy 

To fulfill the above requirements, the system 
of Fig. 1 was developed. The decision was made 
to design the system such that analog signals be 
obtained from pulses of adjustable amplitude and 
polarity. Though this leads to a generated wave- 
form comprised of straight line segments, the 
problem of noise and stability was confined toonly 
a few operational amplifiers. It also allowed the 
use of logic techniques to provide the flexibility of 
operation desired. Furthermore, the quality ob- 
tainable in commercially available integrated cir- 
cuits permitted their use throughout the system. 

The system in its simplest formconsists of a 
n-bit binary counter that can be advanced or set to 
any value by incoming pulses. Each state of the 
counter is then decoded into one line for each 
counter state. Each line, in turn, drives an am- 
plifier (level gate) that, when selected, provides 
as an output a precise voltage level. The output 
of each level gate is then divided into two channels 
labeled k and Xlimit, where ? = dX/dt. X at the 
ZGS is the defined coordinate for radial beam po- 
sition. X and Xlimit can then be modified sepa- 
rately in amplitude and polarity. The 2 level is 
then integrated and applied to one input of a voltage 
comparator with Xlimit being applied to the other. 
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When equality of the waveforms is reached, the 
voltage comparator generates a pulse that advances 
the counter. The integrated X level is used as the 
output of the system and the input to the master 
oscillator. Thus, each state of the counter repre- 
sents a breakpoint. or straight line segment of 
adjustable slope (X) and length (Xlimit). 

This process continues until the counter is 
recycled to its rest state. Figure 5 shows an arbi- 
trary waveform obtainable from the system. Note 
that the Xlimit can be either positive or negative 
regardless of the sign of X. 

System Design 

In reality, the system consists of two 3-bit 
binary counters that can function separately or 
sequentially depending upon the mode selection, 
see Figs. 1 and 3. The output is either two sepa- 
rate waveforms of seven breakpoints each or one 
waveform of fourteen breakpoints. 

The system is best described by a discussion 
of each function on the front panel, see Fig. 3. 

X and Xlimit Controls 

As discussed above, the output of the level gate 
is divided into the X and Xlimit channels. The 
modification in amplitude and polarity of each of 
the channels is accomplished by using the poten- 
tiometers tovaryamplitudesandthe toggle switches, 
in conjunction with inverting amplifiers, tocontrol 
polarity. Figure 2 shows a simplified schematic of 
the scheme used. 

10 x 

The 10 Xpushbutton provides an order of mag- 
nitude greater slope by the push of a button. The 
voltage limit is not altered. Functiocally, this is 
obtained by a 10 X gain change in the X amplifiers. 

Beam Feedback 

Referring to Fig. 1, an enabled beam feedback 
pushbutton permits targeted beam spill information, 
obtained from a group of photomultipliers , to be 
adde.d algebraically to the X pulse at the input to 
the X integrator. The spill information is auto- 
matically modified by the sign of X so as to always 
provide negative feedback. Since the gain of the 
targeted beam signal is fixed for any single mode 
of targeting, the rate. at whichbeam is targeted is 
dependent only upon X. This allows constant rate 
long beam spills as shown in Fig. 6. The beam 
spill can be terminated by advancing the counter to 
a different breakpoint adjusted so as to move the 
beam off the target. Slow proton extraction isalso 
possible when the ZGS Piccioni extraction scheme 
is used. 

Preset 

The preset pushbutton allows direct access to 
the counter. An incoming preset pulse sets the 
counters to the breakpoint at which the preset 
button is depressed. This allows the counter, and 
ultimately the system output, to be started, stopped, 
or recycled in any desiredmannerbyappropriate 
time placement of incoming preset pulses. 

Constant Spill Time 

Referring to Fig. 2, it can be seen that by en- 
ablir;lg the constant spill time (CST) pushbutton, 
the X pulse amplitude is made a function of the 
accelerated charge in the ZGS. When this charge 
dependent X pulse is algebraically added to the 
beam spill signal, the result is a waveform that 
generates a fixed length spill for every ZGS cycle. 
The rate will, however, be charge dependent. 

Multiple spills are easily obtained by judicious 
use of the available system functions and appro- 
priate use of the timing pulses from the ZGS pro- 
grammer. Figure 8 is an example of a multiple 
beam spill targeting program, the first being a 
short bubble chamber beam spill and the second 
a 500 ms beam spill. 

Present System Performance 

Though the system has only recently beencom- 
pleted, it has demonstrated its flexibility during 
high energy physics experiments. Figure 6 is a 
photograph of a long (500 ms) beam spill using 
spill feedback. Figure 7 shows a short spill typi- 
cal of bubble chamber experiments. Figure 8 is 
a photograph of a simple multiple spill program. 

Though no significant reliability data has been 
obtained, of the 150 integrated circuits used, no 
failures have occurred. 
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scribed would not have been possible. Recognition 
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Fig.1 System Block Diagram 

Fig. 2 2 and Xlimit Controls Schematic 

Fig. 3 Front Panel 

Fig. 5 Arbitrary System Output 
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