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Abstract 

Detailed measurements of the energy, en
ergy spread and emittance as a function of time, 
rf level, preaccelerator high voltage and linac
debuncher relative phase have been made using a 
series of segmented faraday cups recently installed 
in the Zero Gradient Synchrotron (ZGS). A strong 
energy dependence upon rf level and preaccelerator 
high voltage which has significant implications for 
the ZGS is found. 

Introduction 

As a result of the installation of a new diag
nostic system in the ZGS, the characteristics of 
the injector beam can be examined to a level of de
tail never before possible. Using the ZGS as a 
spectrometer and a new detector system, the ener
gy spread, emittance, and energy changes of the 
injector beam can be measured as a function of 
time during the beam pulse. 

The new detector system consists of a se
ries of four segmented faraday cups (SFC) located 
around the ZGS as shown in Fig. 1. The L-l SFC 
consists of both a vertical and horizontal array lo
cated at the downstream end of the inflector. Each 
array consists of thirty-six 0.08 cm-wide detec
tors, separated by O. 11 cm. These two SFC give 
the profile and position of the beam in both planes 
as it is injected into the ZGS. The L-2 SFC is a 
vertical array of thirty-six O. 16 cm-wide detec
tor s extending acros s the vertical aperture of the 
ZGS. Since L-2 is approximately 90 0 away from 
the inflector in betatron space, this array mea
sures the vertical divergence of the beam. The 
L-3 SFC is a horizontal array of forty-two 0.95 cm 
wide detectors extending across the horizontal 
aperture of the ZGS. Located approximately 180 0 

away from the inflector in betatron space, this de
tector measure s the energy (relative) and energy 
spread of the injected beam. This detector is par
tially transparent so some of the beam survives to 
hit this detector on the next turn which corre
sponds to a position approxirnately 90 0 away from 
the inflector. This allows a measurement of the 
horizontal divergence of the injector beam. The 
third turn can also be seen on the L- 3 SFC and this 
allows a determination of the injection angle. Fig
ure 2 is a photograph of the L- 3 SFC. Figure 3 is 
a schematic of the electronics used with these SFC. 
The front end transistors act as a fast double throw 
switch which allows the detectors to be simultane
ously activated for as little as 5 fJ.sec, thereby al
lowing snapshots of the beam to be taken at any 
time during the beam pulse. The outputs of the 
detectors are read into the MCR computer and dis
played on a CRT. Further engineering and physics 

detail about this system are not appropriate here 
but will be the subject of several papers to be sub
mitted to the 1973 Particle Accelerator Conference. 
The purpose of this report is to present data on the 
characteristics of the ZGS injector beam obtained 
to date with this system. 

Results 

Figure 4 shows the mean energy, energy 
spread, and horizontal emittance of the injector 
beam vs. linac rf level. Since only energy changes 
can be measured, the energy scale is normalized 
to the energy at rf = 1. 155 V. The emittance is 
obtained by measuring the size and divergence of 
the beam as it exits the inflector. These data 
therefore actually give the area of the x, x' box 
which contains the injected beam and is therefore 
an upper limit of the actual area, equaling the area 
if the ellipse is upright (as should be the case to a 
good approximation). Also, since a small fraction 
of the beam is lost in the transport line between 
the linac and the achromats, only 90 - 9 50/0 of the 
beam is included. At rf levels below 1. 12 V, the 
energy spread was too large to be contained 
(>1 MeV). These data were taken with normal 
beam (approximately 38 rnA) and the ALC adjusted 
to provide a constant rf level during the pulse. 
Each reading was taken at exactly the same point 
in the pulse. At rf levels above 1. 165 V, the 
energy distribution of the beam breaks up into two 
distinct peaks, one at approximately the nominal 
energy containing approximately 750/0 of the beam. 
The three energy points plotted in Fig. 4 for the 
two highest rf level settings correspond to the 
mean energy of each peak and the mean energy of 
the total distribution. The rapid fall-off in energy 
with rf is similar to or perhaps a bit more severe 

1 2 3 than that found by othe r s. " Whe the r 0 r not 
this is due simply to a bad gradient tilt has not yet 
been experimentally investigated. A -200/0 tilt 
presently exists in the ZGS injector. The vertical 
emittance was not measured at each rf level but 
every place it was checked yielded a value slightly 
higher than the radial value, i. e. approximately 
0.7 ± . l-rr mr-in. The error bars indicate the es
timated precision of the measurements. The line 
through the energy points is just to guide the eye. 
The line through the emittance data is the average 
value of the data. The line through the energy 
spread data is a sine fit. 

Figure 5 shows the mean energy during the 
200-fJ.sec beam pulse when the rf is approximately 
constant at about 1. 15 V. Curve (a)was taken with 
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the ALC gain set as low as pos sible while still 
holding the rf approximately constant. Under this 
condition, the rf le ve l is "smooth " during the last 
700/0 of the beam puls e . Curve (b) was taken with 
the ALC gain a t i ts "normal" leve l. Under this 
condition, the picku p loop on the linac t ank shows 
a low l eve l 30-kc oscillation during the beam pulse. 
Except for the ene r gy variation due to the slight rf 
ramp, curve (a) shows the e n ergy to be constant 
during the pulse w h en the oscillations are not pres
ent. Curve (b) shows that the oscillations modu
late the output energy as expected from F ig. 4. 
These oscillations are attributed to moding in the 
t ank during filling. Because of the inherent time 
delay in the ALC system, the A LC at high gain 
causes them to persist throughout the pulse. The 
energy spr e ad is constant across the pulse. 

F igure 6 shows the energy distribution as a 
function of preaccelerator voltage . The buncher 
and 7 50 -keV tr ansport beam parameters were held 
constant. A 6.V of 6 kV corr e sponds to a 540 

phase shift of the beam bunch at the first linac gap . 
Although the energy spread remains constant , most 
of the beam shifts to the high ene r gy side of the 
distribution as the voltage decreases . At a preac
ce l erator voltage of approximate ly 7 10 kV, which 
corresponds to a phase shift of one rf cycle, the 
normal energy profile is once again obtained 
[curve (a) in Fig. 6 ]. 

Figure 7 shows the e nergy and energy 
spread of the beam as a function of debuncher
linac relative phase. The solid lines are sine a nd 
cosine fits to the energy and energy spread d a ta 
respectively. The debuncher is used only as a 
diagnostic a id at the ZGS . These data are included 
primarily as a graphi c display of the capabilities of 
this new detector system. 

For machines requiring short inj ec tor 
pulses o r which have a large momentum comp ac tion 
facto r, the energy variations presente d above are 
of little practical importance. At the ZGS, how
eve r, this is not the case . When the highest accel
erat ed intensities are obtained, the injector is 

Fig. 1 Segmented Faraday cup locations 

tuned so that the rf gradient is ramped up about 
30/0 and the prea cce l e rator v oltage is ramped down 
by about 4 kV during the 200-jJ.sec b eam puls e . In
jection timing is critical down to the 10-jJ.sec level 
even though the injector puls e is almost twice as 
long as the a cc e ptance time of the ZGS. The data 
prese nted in Figs. 4 and 6 make it clear now why 
the se strange conditions work be st. The net re sult 
of the mean energy ramping up with the rf and the 
shift of most of the beam to the high energy side of 
the distribution due to the pre accelerator voltage 
ramping down is dE/dt = 2.1 keY /jJ.sec during 
the pulse. This ke eps the betatron oscillation am
plitudes small at the exp ense of energy spread. A 
dE/dt = 3.7 keY /jJ.sec is r e qui re d to exactly coun
teract the normal 17. 5 kG/ sec magnetic field ramp 
used a t the ZGS . Programming the ZGS linac rf 
to provide ramped energy inj ection was suggested 
some years ag0 4 but was never deliberately at 
tempted. It now turns out that, in fact, it was 
tried by accident and seems to work quite well. 
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Fig. 2 L-3 segmented Faraday cup 
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Fig. 3 Segmented Faraday cup electronics 
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