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A Note o the Accelerated Beam Cbtained in the Michigan
Radial Sector F.F.A.G, Electron lodel*
Lawrence W. Jones and Kent M. T
University of Michigan., March 12, 1956

Midwestern Universities Research Association

The present note summarizes progress on the Michigan

F.F.A.G. betatron model described elsewhere.
The model was first studied statically and the val-

ues of \/v and \}/ were determined at the injection radius.
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The method
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used was to inject with a D.C. electron gun at

the center of a plus magne
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lefine several electron "rays™
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with a perforated screen at the center of the next plus

magnet, and then to observe the beam spots on a phosphor
in the eighth plus magnet (seven-eighths of the way around
the machine.) TIor the design values of current, the meas-

ured V) were: X)X = 2,87, i) = 2.12 in contrast with
s

the theoretical values: )/ = 2,80, 3 = 1,81. The
p z

fect on \) - and \)Z of changing the ratio of current
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through the plus magnets to the current through the minus
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lata were obtained on the
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magnets was studied, and some
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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products. Images are produced from the best available
original document.
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effect of changing k. Appreciable non-linearities were
observed in the oscillations, and for the radial motion
these were ascertained to correspond to a decrease in \)X
of 6% in going from zero amplitude to two centimeter ampli-
tude (taken at the center of plus magnets).

The D.C. gun was then replaced by a pulsed, high emmis-
sion standard betatron injector in attempting to obtain
accelerated bean. The injector pulse width is about 0.1
microseconds long at peak energy; the pulse height is
~30 Kev., A fast (1/2 microsecond) 500 volt pulse was added
to the voltage provided by the sinusoidally excited betatron
core (40 volts per turn peak) to expand the particle orbits
away from the injector rapidly. With this system operat-
ing, electrons were observed accelerated to maximum energy
(about 400 Kev.). The beam was observed both as an x-ray
beam in a scintillator and as a current pulse on & probe.
The beam can be observed at any energy uﬁ to the maximum
by varying the probe radius. The time delay of the full
energy beam is of the order of 200 microseconds when oper-
ating with maximum betatron accelerating voltage. This
corresponds to about 104 particle revolutions. The full
energy accelerated beam contains of the order of 107 elec-
trons per pulse.

While observing beam accelerated through only about
2000 revolutions (the field region where R can be varied

conveniently), a systematic search was made for nearby
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stable regions of the \) * j) = plane. Three such regions
within the range of A and current ratio tunings were found.
(Assignments of \) are made assuming zero amplitudes of
X

oscillation). One region was the design region
( W)X = gpe Jiglg EA) g = 1.55 - 1.85); one was for smaller
Vi (VT 2k -26, v 21.5-1.85; and the third
was for larger \)Z (\V& 52,6 =8 \)Z = .5 w2
This last region was spotty, tuning controls were critical,
and the beam was poor. Actual values of \)X may be lower
than those listed due to finite oscillation amplitudes.
(In this machine, the theoretically unstable O = 2# occurs
for \) = 2,67.) In the first two regions a full eiergy
accelerated beam was obtained. Under optimum conditions,
in the design region, an appreciable beam remained when the
500 volt expander was turned off.

Detailed reports covering the structure of the accel-

erator, the static ( G ) tests, and the accelerated beam

tests will be prepared in the future.



