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Sumnary. The performance of the AGS depends 
critically on the linac beam characteristics such 
as beam intensity, proton momentum, momentum 
spread and beam transverse phase space distribu- 
tion. These parameters are measured by pulse 
deflection of the 50 MeV proton beam into a sep- 
arate analyzing channel in which continuous beam 
analysis and monitoring is possible without 
interruption of regular AGS operation. In addi- 
tion to a general description of the linac-syn- 
chrotron beam transport and analyzing system, 
details of the momentum spread and monitoring 
system are presented. 

Introduction 

The performance of the Alternating Gradient 
Synchrotron has proven to be very sensitive to 
the stability and performance of the 50 MeV linear 
accelerator injector. The following parameters 
were found ro be most useful in judging the opti- 
mum performance of the linac injector: Total 
beam intensity, proton beam momentum, momentum 
spread, beam emittance in both transverse coor- 
dinate directions, and the time dependence of 
these parameters both during a beam pulse from 
the linac and the long term behavior observing 
many beam pulses. During initial operation of 
the linear accelerator only the 50 MeV proton 
beam intensity could be measured during injection 
into the AGS. The remainder of the parameters 
could be measured, with the exception of their 
time dependence, by interrupting AGS operations. 
The beam momentum and momenium spread was then 
measured by energizing a 25 momentum analyzing 
magnet and deflecting the beam into a separate 
channel(See Fig. 1). The beam emittance was 
measured by manipulating two sets of orthogonal 
slits and simultaneously observing fractional 
beam samples on quarts plates. These components 
were, however, also located in the direct beam 
line to the synchrotron. Especially in the be- 
ginning many interruptions of operations were 
necessary to determine the cause of unsatisfactory 
performance of the overall accelerator. Also the 
beam emittance (orientation, eccentricity) was 
found to vary on occasion, sensitively related to 
the ion source performance, preinjector optics, 
and linac parameters, such as the magnitude of 
the cavity fields. A periodic observation of all 
these parameters was thought to be necessary and 
this stimulated the development and construction 
of a separate beam channel in which these stated 
parameters could be analyzed regularly without 
interruption of normal AGS operations. This 
analyzing system has now been completed and 
presently,this beam channel is being fed one out 
of three linac beam pulses for continuous beam 
monitoring. TQis is done by means of a pulsed 5" 
bending ma net located in the direct line from 
Work oonegunder the auspices of the U.S. Atomic 
Energy Commission. 

linac to synchrotron"k. 

Linac-Svnchrotron Transport System and Analyzing 
Components 

The schematic layout of the linac to synchro- 
tron beam transport components'is shown in Fig. 1. 
Originally, the 25O analyzing magnet was located 
between both quadrupole triplets as shown in the 
direct line between linac and synchrotron. The 
momentum analyzing system makes use of a vertical 
source slit, located as close as possible to the 
5' bending magnet. This slit does not interfere 
with direct injection into the AGS. For momentum 
analysis the vertical slit is followed by a 
(horizontally) diverging quadrupole triplet to 
compensate for the strong horizontally focusing 
property of the 25' analyzer magnet. An image of 
the vertical slit is obtained at the end of a 50 
ft. beam line following the 25' bending magnet. 
This crosses the direct beam line, as shown. At 
the end of the analyzing pipe a multiple channel 
Faraday cup is located which detects the horizon- 
tal beam dispersion. 

For emittance analysis of the 50 MeV proton 
beam the first vertical slit is being followed by 
a horizontal slit and this combination is comple- 
mented by a set of orthogonal slits approximately 
10 ft. away along the deflected beam line. A 
single pair of either horizontal slits, or verti- 
cal slits is used at any time for either the hori- 
zontal or vertical emittance measurements in a 
point by point fashion. The partial density 
values are measured with a current transformer 
following the second set of orthogonal slits. 

Beam Momentum and Momentum Spread Analysis 

Beam Transport Arrangements 

Beam transport properties were calcul 
using a beam matching and tracking program 8 

ted 

("TRAMP") and al o a beam transport program, 
"Beam Transport" 1 . For maximum beam transmission 
through the first vertical slit a quadrupole 
doublet preceding the 5' bending magnet is used to 
generate a beam "waist" at the location of this 
slit. It is a simple matter with the above men- 
tioned computer programs to obtain an image of 
the vertical slit at a location of the twelve 
channel Faraday cup at the end of the analyzer 
pipe. The results of the phase space transforma- 
tions are shown in Fig. 2. This was done for 
different beam momenta and the results were used 
to determine dispersive properties of the overall 
spectrometer system, also shown in Fig. 2. The 
results obtained in this manner pertain to the 
*The second beam pulse is presently being used for 
a fast (single beam pulse) emittance analyzer 
developed by Th. Sluyters, et. al. and described 
elsewhere in the Conference Proceedings. 
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linear properties of the overall spectrometer 
system. Consideration of higher order angular 
aberrations of the momentum analyzer magnet sys- 
tem led to the conclusion that higher order 
components were completely negligible for the 
present arrangements. Also the beam dispersion 
at the location of first vertical slit as a result 
of the 5' pulsed bending magnet was taken into 
account. This resulted in negligible correction 
factors for the overall system dispersion. 

The location of the horizontally defocusing 
element preceding the 25' analyzing magnet was 
guided by the following considerations: 

The momentum dispersion relation for the 25' 
analyzing magnet is given bv the well known rela- 
tionship: p=L,?$ 

0 2 sin (-2-) 

This results in an image size AI due to disper- 
sion alone, from a "chromatic" point source, 
given by 

AI= 2L & sin 3 = D &! where 
PO PO 

D is the "momentum dispersion" of the system. 
With a finite, but small object size,AO, deter- 
mined by the first vertical slit width, in a 
first approximation, the final image size is 

gl"en by (AI.& = e + IN] A0 where 

M is the magnification of the system. For best 
momentum resolution it is necessary now to make 

NAO<<D &? and 
PO 

(AI), = D large . 
AP K 

Although the values of M(M = f(L,....)) and 
D(=2L sin 3 are not independent, an attempt has 
been made to make IMiAO sufficiently small to 
satisfy the above conditions, with the existing 
fixed parameters,such as p. and 0. As presently 
executed, the @E/AX) equals 220 KeV/cm at the 
location of the Faraday cup, with a @E/channel) 
of 69.85 KeV (See Fig. 2). Since IMI A0 equals 
0.32 cm, this corresponds to a AE value of 70 Kev 
or one channel separation value. Recently the 
beam pulse width has been increased from Epsec 
to 80 psecfor multiturn injection, this, together 
with the increased Linac beam intensity, permits 
further reduction of the source slit width to 
0.020", reducing thereby the 1M1 A0 value to an 
equivalent of 14 Kev or one fifth channel separa- 
tion value. 

Twelve-Channel Beam Detection for Energy Spread 
Measurement 

The dispersion of the beam is measured by a 
simple twelve-channel Faraday csup arrangement as 
shown in Fig. 3. The first set of slits selects 
twelve narrow vertical samples from the 50 MeV 
proton beam. The samples of beam then enter 
twelve separate carbon blocks mounted behind 
each of the apertures. The channel separation is 
0.3175 cm. As was indicated in the previous 
section, the distribution of charge collected on 

the blocks can be translated into momentum spread 
(or energy spread) of the beam. 

The charges collected in the twelve channels 
are deposited on equal capacities so that voltage 
can be used as a measure of relative charge. The 
voltages are transferred via preamplifiers to 
separate storage capacitors. Immediately after 
the end of the linac pulse, the stored information 
is sequentially sampled and displayed on oscillo- 
scopes in the form of a histogram (Fig. 4) or as 
a continuous function(Fig. 5). All channels clear 
themselves during the interval between pulses, so 
that each new display shows the energy spread of 
a particular pulse and is not influenced by any of 
the preceding pulses. A typical linac pulse width 
is 80 microseconds, and the pulse interval is now 
2.4 seconds. 

The display shown in Fig. 5 is an approxima- 
tion of the energy distribution function by 
straight line segments. The slope of each 
straight line is proportional to the difference 
between the quantities of charge collected in 
neighboring channels. The reason for making this 
display available is to facilitate the measure- 
ment of width of the dispersion curve at half 
maximum value. The width is a measure of beam 
energy spread. The operator measures the width 
of the function at half maximum value in micro- 
seconds and then converts this value to MeV of 
energy spread by multiplying by a scale factor. 

To simplify energy spread measurement, 
oscilloscope trace brightening was initiated at 
the half-maximum points of the display, as shown 
in Fig. 6. A further simplification of the read- 
out was accomplished by measuring the time inter- 
val between the brightening pulses with an elec- 
tronic counter. The counter's clock frequency was 
chosen to express the time interval in units of 
KeV rather than in microseconds and has a binary 
coded digital output so that pulse to pulse energy 
spread readings can be delivered to a strip chart 
recorder and/or to a digital computer. 

An early system for representing the momen- 
tum spread histogram, similar to that of Fig. 4 
was developed by H. Brown of this Laboratory. A 
5-channel Faraday cup was used and the system 
proved to be so useful that it was decided to add 
the various refinements described above, which 
lead to the display of Figs. 5 and 6 and to digi- 
tal readout. 

A block diagram of the present display cir- 
cuits is shown in Figs. 7,8 and 9, and a de- 
scription of them can be found in Ref. 5. 

25' Analyzer Magnet System 

The regulating system for the analyzer mag- 

net is a series regulator using a three phase dc 
power supply, unfiltered. The fine regulation is 
accomplished by a bank of 20 transistors in para- 
llel. Since the transistor bank cannot absorb 
enough power to regulate the magnet current under 
all conditions, it is necessary to have an addi- 
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tional coarse regulating loop with a built in 
hysteresis which will now cause the variac to 
drive until the bank reaches a central operating 
region. See figure 11. The voltage from the feed- 
back resistor is fed back to the linac control 
room where it is used for monitoring. There is a 
linear relationship of beam energy to series mag- 
net current in a region about 50 MeV. This sig- 
nal is applied to an analog circuit which then 
drives a digital voltmeter reading out directly 
in MeV. 

In the event that the linac energy should 
drift slightly, the energy spread display would 
appear moved to one side. This indicates that 
the value of magnet current i.e., the average 
linac energy setting, is not correct. Since this 
is under the direct control of an operator he 
must observe the display visually and make a man- 
ual correction. A feedback system which will 
au$omatically inject a correcting signal into the 
25 analyzer magnet system to keep the display at 
a central position is being developed. Addition- 
al details are given in Ref. 5. 

Beam Emittance Analysis 

The horizontal and vertical phase space 
properties may be measured by using a single pair 
of slits. In this fashion the partial integrated 
density functions are determined in the two 
dimensional phase space projection of the 50 MeV 
proton beam. Simple interpretation of the meas- 
urement results is possible by connecting the 
position readout of the first slit to the horizon- 
tal axis of an X-Y recorder, and the difference 
in slit position readout of the first and second 
slit, (divided by an appropriate constant) to the 
vertical axis of the same recorder. During every 
third linac pulse, a sub-density value is detect- 
ed by the current transformer following the se- 
quence of these two slits and this signal is fed 
to an integrating and pulse lengthening circuit. 
Following this the signal is either superimposed 
on the horizontal axis of the X-Y recorder or it 
is fed to a discriminator circuit, such that the 
plotting pen of the X-Y recorder only prints when 
the sub-density signal is above a certain prede- 
termined level. The absolute value of this pre- 
determined level is found by taking the ten per- 
cent value of the maximum sub-density value in 
the center of the beam. For this reason, a sim- 
ple normalizing procedure is necessary. Follow 
ing every third linac accelerated beam pulse the 
second slit is advanced automatically. After a 
number of steps of the second slit, the first 
slit is advanced and in this particular fashion a 
semi-automatic emittance plot may be obtained, 
averaged over many linear accelerator beam pulses. 
By means of a gating circuit, which may be 
delayed with respect to beginning of the beam 

pulse , it is possible to measure the time depen- 
dence during a typical 80 microsecond beam pulse 
of the linac emittance, however, again averaged 
over many machine pulses. An example of some 
typical results are given in Figs. 12 and 13. 
It should be observed that the particular contour 
shown is a 10% "equi-density contour". The total 
particle content within this particular contour 
has to be established by integration of the partial 
density contours, either for the total beam or for 
that fraction of the total beam falling within the 
10% equi-density contour. This has been done re- 
peatedly and results were always of the order of 
90 f 5% particle content of the total beam. Con- 
sequently, routinely it is assumed that the 10% 
density contour contains approximately 90% of the 
total beam and in effect defines the emittance of 
the linac 50 MeV proton beam. The circuit dia- 
gram of the emittance plotter, generally described 
above, is shown in Fig. 14. A detailed descrip- 
tion of this circuit can be found in Ref. 5. 
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Fig. 2. Dispersion of the Momentum Analyzer. 
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Fig. 9. Electronics for Digital Readout and for 
Brightening Pulses. 

Fig. 10. Relation between Histogram and Smooth 
Function Generator. 
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Fig. 11. Analyzer Magnet Regulator Functional Block Diagram. 
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Fig. 12. Horizontal Emittance. 
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Fig. 13. Vertical Emittance. 
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Fig. 14. 50 MeV Emittance Plotter. 
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