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Summary 

The ZGS intensity has recently been increased. 

The main factors involved were removing the 

limitations imposed by the coherent vertical in- 

stability and partial correction of tune variations 

occurring during acceleration. With the higher 

intensities we observe a growth in the radial size 

of the beam. This phenomena is discussed briefly. 

Slow extraction from the ZCS on a “front porch” 

field over a wide range of momenta has been 

successful and the fast extraction efficiency has 

been increased to 50%. 

Discussion 

The intensity of the ZGS had been limited for 

some time to a maximum of 6 x 10” protons per 

pulse and an average of 4 x 10” protons per pulse 

by, among other factors, the vertical resistive 

wall effect’ and the limitation of the equipment 

to damp this coherent vertical instability. The 

limitation was removed in September 1966 and a 

big increase in intensity was achieved. At the 

same time, the pulse-to-pulse intensity varia- 

tions were somewhat reduced. Figure 1 is a 

histogram of the intensity distribution of 1000 

pulses which represent approximately one hour cd 

running time on the ZGS. For this period the 

average intensity was 1. 7 x 1012 and the fullwidth 

at half maximum of thr intensity distribution was 

5’70 of the average intccsity. 

At the present time we typically inject a 

50 MeV beam of 20 mA for 100 ps, coast approxi- 

mately 5 x 10” protons per pulsa, capture into 

acceleration buckets 3 x 1012, and accelerate to 

full energy 1 5 x 10 I2 protons per pulse. The 

loss of captured bram occurs early in the accel- 

eration cycle. 

The coherent vertical instability due to resis- 

tive wall effects was first encountered in the ZGS 

in April of 1964 at a threshold intensity of 3 x 10” 

protons per pulse. Circuits to damp this insta- 

bility were installed shortly thereafter and have 

undergone a series of modifications since that 

time. 2 The first such system was patterned after 

the one in use at the time on thp Cosmotron3 and 

had a narrow bandpass (10 kHz) operating at the 
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frequency of the 1 - v mode (v = number of 

vertical oscillations p -ii r revolu Ion). 9 After a 

period of trial it became clear that the vertical 

oscillations of the eight RF bunches within the 

ZGS ring were not always in phase with each other 

and the system worked properly on only about half 

of the pulses. In order to apply a correction 

signal for each RF beam bunch independently a 

wide-band system is required, in addition to a 

variable delay line, to maintain synchronism of 

the applied damping signal with the appropriate 

RF bunch at a point 3/4 of a vertical oscillation 

wavelength (one machine revolution) downstream 

of the pickup electrode. An earlier version of this 

system, with a 20 V output capability of the final 

amplifier, damped the instability reliably to an 

intensity of 6 x 10” protons per pulse in August 

1965. The final version is shown in schematic 

form in Fig. 2. The final amplifier of the pre- 

sent system has an output capability of + 135 V 

and a band width of 100 MHz. A pair of matched 

switchable delay lines is used. The master line 
determines the appropriate times for switching 

both delay lines simultaneously, thereby elimina- 

ting the necessity of programming the switching 

times and making the system independent of ad- 

justments of the radial position of the beam at any 

time during acceleration. The delays are switched 

approximately 240 times during the pulse. Ade- 

quate synchronism of the applied signal with the 

appropriate beam bucket throughout the pulse was 

achieved in August 1966. It is felt that this 

success is the largest single factor in obtaining 

the intensity increase. 

Another factor in thr improxr?mpnt of the pcr- 

formance of the ZGS was in the partial corrwtion 

of the changes in bctatron oscillation frequency 

(tune) which occur during the acceleration pulse. 

These changes arc due to two effects. First, the 

eddy current in the vacuum chamber walls and 

magnet iron cause distortion of the radial profile 

of the magnetic field. The other effect is the 

intentional skewing in the ZGS of the high energy 

orbits toward the inside in short straight sections 

and outside in long straight sections. This orbit 

skewing facilitates beam extraction with station- 

ary dc extraction magnets. The short straight 

sections contain dc tcning magnets which are used 

to adjust the tunes at injection, as well as for 

centering or shaping the injection orbits. The 

effects of the dc magnets on the ttlnes, therefore, 
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vary during acceleration. To compensate for 

these effects, coils were wound on the end guards 

of each octant in the long straight sections to give 

approximately a sextupole correction field. 

Figure 3 shows the correction in the radial tilt of 

the vertical tune achieved by pulsing these coils. 

The radial tilt of the tunes is reduced, although 

the vertical tune still decreases sharply from its 

initial value during early acceleration due to the 

orbit skewing. The possibility of partially com- 

pensating for the latter effect, also with the end 

guard coils, is being investigated. 

With the present higher intensity beams a new 

phenomena has developed. Above a reasonably 

well defined ictensity threshold the radial width of 

the beam at full energy increases. While this 

increase in radial beam size does not normally 

lead to beam loss, it makes beam manipulation 

for targeting more difficult and often leads to 

some loss of smoothness in the beam spill. Mea- 

surements of beam width which illustrate this 

effect are shown in Fig. 4. The threshold for 

radial beam growth is about 6 x 10” protons per 

pulse, twice> that for the coherent vertical insta- 

bility. For intensities above this threshold the 

radial width of the beam varies considerably from 

pulse to pulse so that the measured points in this 

intensity region are more widely scattered. This 

pulse-to-pulse variation is possibly related to the 

independent groxvth of individual RF bunches. 

Under these conditions one often observes early 

targeting from only one of the eight bunches in the 

ring. The threshold is somewhat sensitive to the 

radial position of the beam, particularly during 

the interval of 100-200 ms after the start of 

acceleration. -4 possible cause of this phenomena 

is the radial coherent throbbing instability induced 

hy the rcsistivc wall effect and discussed else- 

where, at this conference. 4 However, this is not 

yet certain and the study is continuing. 

Protons have been extracted from the ZGS at a 

number of momenta from 5. 0 lo 13. 4 GeV/c with- 

ollt substantially affecting other users of the beam. 

During the pulse when the desired momenta is 

reached the magnetic field is held constant for a 

period of 300 ms (called the “front porch”) while 

a portion of the beam is extracted for a particular 

c>xperiment. At the ccd of this time the field is 

increased to its full value and the normal flat-top 

applied for durations v.p to 500 nxs for other users 

of the beam. In one physics experiment more 

than 50 different values of “front porch” field 

were used with little time lost in shifting values. 

The procedure will be described in more detail in 

a paper5 to be published with the proceedings of 

this Conference. 
The efficiency of fast extraction from the ZGS 

has been significantly improved by a method de- 

scribed in another paper6 at this conference. 

Extraction efficiencies of 50% are achieved for 

durations of about 40 ps. 
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HISTOGRAM OF ZGS BEAM INTENSITY 
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Fig. 2 Schematic of the Vertical Instability 

Damper System 

Fig. 1 Intensity Distribution of 1000 Pulses 

of the ZGS Beam 
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Fig. 3 Radial Variations of the Vertical 

Tune, v , as a Function of the 

Magnetix Guide Field Strength. 

The Curve Labeled “Corrected” is 

the Effect Including Pulsing of the 

End Guard Coils. 
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Fig. 4 Radial Width of the Internal ZGS 

Beam at 13. 3 kG as a Function of 

the Intensity of the Accelerated 

Beam 
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