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Summary 

The difference signals from radial pi induction 
electrodes1 located in the eight straight section boxes 
of the ZGS are used to determine equilibrium orbit 
u-arps. A 1 KS, debunched linac beam is injected in 
the ZGS ring and the eight coasting beam signals are 
analyzed. Since the effective electrode centers and 
inflector magnet positions are known, one can obtain 
orbit positions around the ZGS ring. The zero cross- 
ing times of all eight coasting beam bow-tie patterns 
are entered into our CDC-924A computer. The com- 
puter graphically displays orbit warps via CRT ter- 
mina 1. 2 An additional feature to be described is that 
betatron tunes at injection can be very easily obtained 
from the coasting beam patterns. 

Introduction 

Knowledge of equilibrium warps and how they are 
distributed around the ZCS ring is essential for a 
systematic tuneup. The technique described in this 
paper was born out of necessity to aid in a successful 
turnon after the titanium vacuum chamber3 and pole 
face urindin&n 5 installation in the ZGS. Very early 
in the tuneup phase it was essential that the ZGS ring 
be properly tuned to successfully coast injectedbeam. 
The orbit warps were determined, and corrections 
were made using the KICKER computer program2 with 
little difficulty. It was also essential that the injec- 
tion betatron tunes be set properly and made reason- 
ably flat. 

The coasting beam signal from one location in the 
ZGS ring provided the necessary information so that 
the pole face Tvindings and dc tune zagnets (B&I-100’s) 
could be set for proper injection tunes. 

Discussion 

;2 1 ~3, debu~?chad beam is injected in the Z&S 
ring and injection timing adjusted for maximum coast- 
ing time. Using a debunched beam is most advanta- 
;<:eous to prevent spatial smearing of the coasting 
i1ea12-i pulse due to c nerl;y spread. Tl:is proilem is 
most noticeable after beam has coasted east the 
.,-;::c‘~um c!~an:ber ccntcr and effectively destroys 
detectio.1 of radial betatrnn motion. =‘he 1 p.*s icjccted 
beam Fills half rof thr ZGS ring circumfcrcncc and as 
the co,lstinp ori,i: shrinks, it provides a pcriorlic 
pulse input for radial induction elcctrodc pickups. 

In-iection timinr is set such that the radial 1><:ta- 
tron mol.io~3 is minimlln?, hilt s~lffLc;e!lt to in:ss thts 
i;;Elcs:>r :;;ne-ne t ‘jii s-~cicss:ii: orl,its. LfltiiIliixing 

.::‘.5’or? ~~erformcd un,,!ca r the auspices of the TT. S. 
Xtomic Energy Corlln?issioi. 

the radial betatron amplitude makes the detection of 
zero crossings on the coasting beam bow-tie patterns 
easier to measure. Figure 1 shows the radial induc- 
tion electrode and associated electronics. Since beam 
is injected when the equilibrium orbit is near the out- 
side of the electrode and the main magnet field is 
ramping upward in magnitude, it is easy to visualize 
the beam pulse spiraling inward at the rate I?R/4T: 

AR = RAB R = ZGS radii. 
ZT 

(1) 

(vxhT 4B 
- = Rate of rise of the 
ilT 

main magnetic field. 

v = Radial betatron tune. 
x 

B = Average fieldstrength 
around the ZGS ring. 

The differential amplifier output will look like a bow- 
tie as a function of coasting beam time. Immediately 
after injection, the coasting beam pulse traverses 
under the outside edge of the electrode, which causes 
the differential amplifier’s ouput to be positive, as 
shown in Fig. 2. Notice that the beam area is mostly 
under electrode B and very little of A is covered. The 
amplifier’s output is proportional to the difference of 
the hvo electrode halves shadowed by the beam, and 
beam intensity. 

v. = -KG (4-B) (2) 

V 
0 

= Output voltage. 

Ii = Beam intensity factor. 

il. = Noninverting signal input. 

B = Inverting signal input. 

G = System gain transfer 
function set by amplifier’s 
feedback loop and electrode 
sensitivity. 

As the coasting orbit shrinks inw;lrd, the differ- 
cntlal an1plifirr’s output ‘“i. changes in :liafi.:i~rle a11~: 
direction hccause the effective areas of electrode 
halves iA and R) sre a func5oti of crl1uilihriun~ orbit 
radii. Figure 3 shov:s .ln actual photograph of the 
resultant how-tie pattern. Xoticc that ra~lial hc~l:~tron 
motion has ‘been made very sr-i>all, as previously 
cxplaincd. 

If the co:istinc time to crossover (see i7ig. 2) is 
1ncnsurc.d at all eight straight sections around the %GS 
rin,?, the data can he used to compute orbit 1.‘. arps. 
E‘r;u3tion 3 1 is uccd to cnlculatt~ :orl,if- ‘~a rps on tl:t. 
basis of a kno1.r n rll1llT iscc l+. [ 111 and the 
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measurement of Tl . 
be made for inherent 
straight sections. 

(See Fig. 2. ) Corrections must 
orbit offsets at some ring 

Ii0 = .$$ p x]. (3) 

R = Orbit warp in inches. 
0 

AR - = See Eq. (1). 
AT 

T = 
1 

Coasting time to crossover on bow-tie 
picture. 

x = 
n 

Effective displacement from radial 
electrode centerline to inflector magnet 
edge at straight section n. This term is 
corrected when used at ZGS short straight 
sections where the BM-100 magnets are 
located. These magnets produce a f2.5 in 
(outward) orbit bump. The radial elec- 
trode must be placed at either the up- 
stream or downstream end of the magnets. 
Different corrections are required, 
depending on which end the radial elec- 
trode is placed. 

Note that a “zero warp ” reference time is generated 
by the term (AT/AR Xn). Any deviation from this 
time in Tl will result in a warp when multiplied by 
AT/AR. Equation (3) works because the outside wall 
of the coasting aperture is determined by a known 
physical stop, the inflector magnet. Specific correc- 
tions for electrode placement and BM-100 effects are 
Lvell known. The computer program KICKER’ has all 
corrections available for use in calculating orbit 
warps. The degree of sophistication in examining 
orbit marps and achieving rapid correction is only 
possible due to the computer program. The computer 
displays, via CRT terminal, orbit warps correspond- 
ing to each ZGS straight section. These data are pre- 
sented in a fashion that one can easily determine what 
correction is needed from the ZGS kicker coils, 
ilictual orbit corrections, in inches, are entered in the 
czc-p~:ter and processed. The computer displays 
required kicker coil currents and informs the opera- 
tor of any changes in injection parameters due to the 
new kicker coil currents. 

Measurement of Betatron Tunes 

Injection tunes are measured by analyzing the 
betntron motion on the coasting beam signals. Large 
ra,lia! betatron oscillation amplitude must be present 
for easy interpretation of the coasting signal. Injec- 
tion timing is delayed until the radial betatron ampli- 
tudc is sufficient for analysis. Figure 4 shows the 
first 100 )ls of a bow-tie pattern. Radial betatron 
(oscillations are clearly evident and can be used to cal- 
-*,1-a +,a the by &..,.. rn~!inl tunr vx. The numhcr of hcam orbit4 

per bctatron oscillation period does, in fact, define 
vx as shown: 

N-l 
” x- N : Number of beam (4) x N 

orbits per betatron 
oscillation period. 

Since beam coasting time is related to vacuum 
chamber radii (see Eq. [l] ), it is possible to mea- 
sure radial tune as a function of radii. Usually, the 
beam orbits are averaged over three radial betatron 
oscillation periods for more accuracy in calculating 
N for Eq. (4). This technique yielded rapid coasting 
tune profiles when the ZGS was started up with tita- 
nium vacuum chambers. By simply rotating the elec- 
tronic insert at the four quadrant position electrodes’ 
by 90°, one can observe the vertical betatron oscil- 
lations and obtain a vertical tune profile of v . 

Y 

Electronics Considerations 

The most important factors to consider in design- 
ing this induction electrode amplifier system were 
bandwidth and common mode rejection as a function 
of frequency. 

Bandwidth considerations involved minimizing the 
baseline differentiation of bow-tie patterns, and 
insuring sufficient speed to reproduce the beam pulse 
rise time. 

Any baseline differentiation is due to insufficient 
low frequency response. Figure 1 shows two FET’s 
connected as source followers. The very high input 
impedance of FET source followers is used to obtain 
sufficient low frequency response in conjunction with 
the induction electrode capacitance. Simply stated, 
Eq. (5) determines the minimum (-3 dB) frequency 
response of the electrode and follower combination. 

1 

fl 
= 27~RlCl f 

1 
= Lower frequency (J) 

response (-3 dB). 

R1 = Input impedance of FET 
source follower. 

C 
1 

= Electrode capacitance. 

The source follower input impedance is the only 
parameter available to adjust low frequency response 
because electrode capacitance is fixed. While one 
can pad the electrode with fixed capacitance to boost 
low frequency response, this is done at the expense of 
sensitivity. 

Individual adjustment of the source follower gain 
is provided to facilitate adjustment of common mode 
rejection. I?. trimmer capacitor can be connected 
from either FET source to ground to optimize high 
frequency common mode rejection. For good opera- 
tion, it is only necessary to pass the highest fre- 
quency represented by the coasting beam pulse rise 
time, in this case 3. 5 MHz. The lower frequency 
response is sot for 250 Hz which, as explained, is 
necessary to minimize differentiation of the boxv-tie 
baseline. 
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OUTSIDE RADIUS 
OF INDUCTION 
ELECTRODE 

+ 

INJECTION TA =INJECTED BEAM WIDTH 

TB =ORBITAL TIME 

T, =CROSSOVEA TIME 

T2 i FULL COASTING TIME TO 
INSIDE APERTURE LIMIT 
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