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I. Introduction 

During the summer of 1972, the ZGS main ring 
magnets were completely dismantled and a new 
vaculum chamber was installed. The old chambers, 
which employed copious quantities of epo.xy, had suf- 
fered extensive radiation damage and had to be 
replaced in the interests of maintaining a sound 
vacuum system. In addition, the new chambers con- 
tained radially distributed pole face windings in order 
to facilitate simultaneous two-thirds resonant extrac- 
tion into two extracted proton lines and to help elimi- 
nate unfavorable field components which might have 
an effect on usable beam aperture and, eventually, on 
the acceleration of polarized protons. 

Prior to the installation period, considerable 
effort on the part of the accelerator staff was devoted 
to developing techniques and equipment which could be 
.tised to return the ZGS to high energy physics in the 
shortest possible time. Naturally enough, invention 
was stimulated by anticipated problems. The equilib- 
rium orbits were expected to be drastically altered 
since every magnet block had to be removed to install 
the new vacuum chamber; and the retuning of the mag- 
nets was expected to be complicated by the addition of 
81 radially distributed pole face windings with time- 
varying, independent amplitude-controlled currents. 
Furthermore, after such a long shutdown of the accel- 
erator, the task of setting the injection parameters 
for optimum capture was likely to be time consuming, 
if past experience repeated. Another major concern 
before the installation was how strongly the new 
chamber woulcl deleteriously affect thresholds and 
rise times of the resistive wall instability. 

The philosophy of the retuning program was to 
develop measuring techniques and equipment which 
v.rould give quantitative indication for the adjustment 
of critical machine parameters in the shortest 
red sona:>le time. The details of the components will 
be presented by respective authors in many other 
papers at this Conference. I intend here to present 
the collective npplicatlon of the various ideas and 
rqui:jmrnt. 

The sequc:nce of adjusting parameters was as 
folloms: 

1. Determine the correct current srttinps for the 
single-turn 3rbit correction coil (kicker coils) on 
each of the octnnts. 

3. Determine the proper current distribution in the 
pslct fsse sx -ririirlpb <iiiid i:hr time constants in the 

\Vark perFormed under the auspices of thcx U. S. 
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function generator for the best match to the eddy cur- 
rent distribution and, consequently, obtain a zero 
gradient octant. 

3. Determine proper currents in the homogenous, 
gradient, and parabolic coils in the dc magnets in the 
short straight sections. 

-1 . Set the injection tim.e of the linac beam. 

3. Set energy ramp and energy spread of injected 
beam for optimum capture and acceleration. 

I 
b. Pldjust currents in 50 h4eV transport line for 
optimum beam transfer and matching. 

7. Optimize beam steering program \vith RF controls 
and adjust vertical and radial dampers to minimize 
resistive wall effect. 

8. Adjust radial positions and currents of extraction 
magnets for esternal beam operation. 

II. Magnet Adjustments -. 

Distortions in the equilibrium orbit of the ZCS 
are minimized with single-turn coils (kicker coils] 
available on each octant. In order to measure the 
distortions in the orbit, a new FET amplifier xvas 
designed’ to work with the pi-shaped position elec- 
trodes2 present in each straight section. Using a 1 ps 
chopped beam, an RF signal was produced, which .a,ith 
a 17, 800 G/s magnet ramp would correspond to about 
a 450 ps coasting beam. Jf there were no orbit dis- 
tortions, the signal on the position electrodes (see 
Fig. 1) would be symmetrically distributed. The 
relative time from injection to zero crossing in indivi- 
dual straight sections is a direrf rneacure of the rels - 
tive symmetry of the equilibrium orbit. This 
measurement was used in conjunction with a computer 
program3 to obtain the correct current settings. 

Determination of the proper current distribution 
ic the pole face windings and the ?roper t:me con- 
stants in the function generator 4 was expected to con- 
sume the most retuning time. 

5 
An automa tic tune- 

measuring instrument was developed which allowed 
rapid measurement of bel:atron tune as a function of 
field and radius. The device was designed to work 
with u 3 x IOI’ circulating protons so that very little 
beam \vas required at c:arly stages of the retunlnp 
program. Complete betatron tune maps as a function 
of raflius at ten differen& fit td !evClS ‘.T’eTe C~mF!?tCri 
in IO-12 h. A computer program was developed to 
determine required chan:<cs in individual pole face 
winding currents to produce the desired tune correc- 
tion. Trial and error techniques had to be employed 
to ;Idj:lst the hi-0 time constants of the function genera- 
tor which drives the pole face windings. Essentially, 
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tune maps were made at several field levels to pre- 
dict the correct time constants. The homogenous, 
gradient, and parabolic coils of the dc tune-correcting 
magnets were set to values which were calculated to 
compensate for the tune alterations due to remanent 
f-leld at injection. Only minor adjustments were made 
in these currents. 

III. Injection Matching 

Once adequately flat tunes were achieved and 
equilibrium orbit distortions minimized, attention 
was directed towards adjusting the injected beam 
parameters for optimum acceleration. A system of 
segmented Faraday cups6 (SFC) was placed in the 
ring so that it was possible to take measurements of 
horizontal and vertical beam distribution at the inflec- 
tor (L-l straight section), vertical distribution 90’ 
away from the inflector (L-Z straight section), and 
horizontal distribution 180° away from the inflector 
(L-3 straight section). FET switches were used to 
unclamp the individual SFC’s from ground for any 
given 10 ps interval of the injected beam. A sample- 
and-hold electronic system interrogated the charge 
distribution after 10 ps and displayed the result on a 
CRT display unit. Second turn was prevented by stop- 
ping plates in order to avoid confusing the data. (See 
Fig. 2. j This technique permitted measurements of 
the injected bearr; to be made with full dynamic load- 
ing on the linac. 

The SFC in the L-3 section was situated very 
close to where the image of the injected beam would 
refocus (v, ?r rad where vx N 0.84) provided that the 
injected beam was monochromatic in energy. Radial 
beam width measured by the L-3 SFC was in fact 
quantitatively related to energy spread of the injected 
beam. Furthermore, the energy ramp of the linac 
was measured by progressively delaying the 10 ps 
window throughout the injected pulse. Injection tim- 
ing was available in the same measurement. 

Quadrupoles and bending magnets of the 50 MeV 
transport line T;vere adjusted with the use of the infor- 
mation on horizontal and vertical beam size provided 
by the SFC’s in L-I and the vertical beam size pro- 
vided by the L-2 SFC. In the latter case, the vertical 
beam distribution is a quantitative measure of the 
;ivergence of the injected beam in the vertical plane 
since the I,-2 section of the ZGS is close to 90’ in 
hetatron phase from the inflector. 

IV. Damper Adjustments 

Q.a,lntitative measurements on the resistive wall 
instability were not part of the preparatory effort for 
turnon after the chamber installation. Instead, nc~ 
radial and vertical damper amplifiers were built. In 
‘:oth instruments, more power was made available 
and more flexible control of gain and delay incorpo- 
rated, in the event thr threshold for the resistive wall 
instability was decreased and the rise time of the 
instability increased by the presence of the new 
vacuum cham?,er. 

V. Results of Retuning Program 

The installation of the titanium vacuum chambers 
and the pole face windings was completed by the first 
week of September 1972. The total installation period 
was four months and one week. The retuning pro- 
gram began on the 18th of September. 

Adjustment of the equilibrium orbits with the 
kicker coils using the “bow-tie” electronics and the 
KICKER2 computer program took < 8 h. In order to 
get some accelerated beam for tune measurements, 
the SFC’s were used to adjust the injection timing and 
other linac parameters. Within the first 24 h of the 
retuning program, 3.5 x lOI1 protons/pulse were 
accelerated to 12. 5 IGeV and tune measurements xvere 
begun. 

The total amount of time devoted to tune adjust- 
ment was four days. A fair fraction of this time was 
lost because a few instabilities within pole face wind- 
ing amplifiers occurred and had to be eliminated. By 
September 24, the early tunes were sufficiently close 
to the desired values to start injection matching. 
Figure 3 compares the early betatron tunes before 
and after the installation and retuning. 

On the morning of September 24, 1172, the ZGS 
consistently accelerated stable beams over 1 x 1L 712 
protons/pulse. The use of the SFC’s in the L-l, L-2, 
and L-3 sections proved to be extremely useful; and 
accelerated beams as high as 2.4 to 2. 5 x 1012 
protons/pulse were achieved within two days. 

The threshold of the resistive wall instability :vns 
found to be no lower with the new chamber, and per- 
haps somewhat higher. In any event, tuning of the 
vertical damper was no more difficult than during an 
ordinary turnon Feriod. 

The last several. days of the retuning program 
were devoted to e.xtraction studies. 

The ZGS was operated for high energy physics oc 
October 2, 1972. This date was one month in advance 
of the date w-hich was projected on the long-range 
schedule. The circulating intensity and operating 
efficiency were essentially the same as before shut- 

down, even though during the first fe\v weeks of opera- 
tion the preaccelerator voltage had to he operated 
20-40 kV helow the optimum value. Figures 1 and 5 
are the weekly summaries of average intensity and 
efficiency before and after the installatioc. The Loxxer 
intensity recorded during the first four weeks of 
operation was primarily due to the lower preaccelcra- 
tor voltage. Higher average beams resulted after the 
HV column was repa:.recl. 

This paper obviously represents the efforts of the 
lvhole of the Accelerator Division and ninny- p;lrtici- 
pants from the H.gh Energy Facilities Division. I anl 
honored to act as spcskesman on behalf of .T. Rogaty, 
A. Rrescia, Y. Cho, G. Concaildi, E. Crosbie, 
L. DeBall, M. Knott, R. XIartin, .J. hfartin, 
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E. Parker, C. Potts, L. Ratner, A. Rauchas, 
D, Schnlitt, D. Suddeth, R. Timm, and all other 
members of the Accelerator and :Xigh Energy 
Facilities Divisions vzhose efforts are ciescribed in 
this paper. 
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Fig. 1 Typical “Bow-Tie” Signals from which 
Orbit Warps were Measured 

Fig. 2 Typical Injected Beam Distribution as 
Measured on L-3 SFC 
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Fig. 3 Comparison of Tunes Before and After 
Installation and Retuning Program 
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Fig. 4 Average Weekly Intensity of ZGS Before 
and After Shutdown for Titanium Vacuum 
Chamber Installation 

Fig. 5 Average Weekly Operating Efficiency of ZGS 
Before and After Shutdown for Titanium 
Vacuum Chamber 
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