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Summary

To protect the Stanford 3 km accelerator from
damage caused by its own electron beam, a single
ion chamber has been installed, which runs the
whole length of the accelerator. The pulse train
from the ion chember is displayed on an oscillo-
scope, giving a representation of beam power loss
along the machine as a function of distance from
the injector. It also operates a system that shuts
off the electron beam within 1 ms whenever the
signal level exceeds e preset value.

Introduction

If missteered at high power, the SLAC elec-
tron beam can casuse local melting of accelerstor
components in a fraction of a second. Even rela-
tively low level irradiation of the accelerator
waveguide will cause harm, gradually changing
critical dimensions by altering the ecrystal struc-
ture of the copper. To protect the accelerator, a
system has been installed which is based upon a
single long ion chamberl that runs the whole 3 ¥m
length of the accelerator housing. The signal
from the ion chamber operates equipment that turns
off the beam when any local radiation level becomes
too high.

The Long Ton Chamber

The ion chamber is assembled from some 20
lergths of 4.1 cm diameter RG 319/U coaxial cable,
and pressurized to 1 atmosphere gauge with a mix-
ture of A with 5% COs. The facing surfaces of the
cable are bare copper spaced by a narrow spiral of
polyethylene. The cable is supported by straps
near the ceiling of the accelerator housing, 2 m
away from the accelerator waveguide.

When high energy electrons strike the inner
wall of the accelerator structure, a cascade shower
is produced in the copper waveguide. The shower
multiplicity is proportional to the primary elec-
tron energy. The flux of ionizing radiation and
the charge collected in the ion chamber are thus
proportional to the local electron beam power loss.
An ionizing event gives rise to a negative pulse in
the cable which splits, with one half the energy
being propagated in the forward direction. The
other half is propagated backward toward the injec-
tor. The backward pulse travels to the injector
end of the cable, which is extended some 500 meters
to form a delay line. It is there inverted and re-
flected by a capacitor, and returns along the cable,
which is extended into the Central Control Room
(CCR) and terminated. FEach backward pulse arrives
in CCR with a relative time delay which is propor-
tional to the distance of its origin from the in-
Jjector. In CCR the pulse train from the cable is
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displayed on an oscilloscope (Fig. 1) and fed into
a discriminator clreuit.

Observation of the backward pulse train en-
ables one to estimate the magnitude of beam power
loss in various regions along the machine, and to
establish the location of a beam scraping event to
within a few dekameters. The parameters governing
the space resolution are the electron collection
time, ~0.27 us,2 the electron velocity in the
accelerator, c, and the propagaticn velocity of
the cable, 0.92 c¢. The 0-50% and 10-90% rise
times have been measured for pulses msking a two
way transit of the whole cable. They have been
found to be approximately 0.1 and 3 us, respec-
tively, in agreement with results cited by Kerns,
et g;.é The effect of the presence of free elec-
trons and ions upon the propagation of signals in
the cable has been estimated and found to be small
for the ionization densities usually encountered in
practice.

An important advantage of a single long ion
chamber is its uniform sensitivity. This uniform-
ity is somewhat impaired in this application by
the presence of extra material such as quadrupoles,
dipoles, and beam scrapers between the beam and the
ion chamber, and by geometrical asymmetry. Multi-
ple scattering of the beam and of secondary elec-
trons tends to reduce the effect of axial asym-
metry. When a 10 MW (pesk) beam is steered so
that it all strikes the inner wall of the accel-
erator in & distance of 20 or 30 m, a pulse about
1 v high is observed in CCR. By manipulating the
location and orientation of missteering, it has
been found possible to vary the pulse height
through a range of about 30%.

The Discriminator and Pulse Tester

Whenever local beam power loss exceeds a pre-
set value, typically 2 v for 360 pps operation,
the discriminator system turns off the electron
beam by operating the 1 ms tone loop system.5 The
tone loop system responds to the loss of one or
more input signals by interrupting tone signals in
two channels. Absence of tone signal in either
channel causes the injector to turn off within
1 ms. A pulse generetor and logical gating cir-
cuits, indicated in Fig. 2, test several proper-
ties of the ion chamber system during each inter-
pulse interval. In the test, a pulse is trans-
mitted along the cable, its transit time to the
injector end and back 1s measured, and it is veri-
fied that the reflected pulse indeed operates the
discriminator.

The test circuit censists of a pair of bi-
stable multivibrators, a clock and test pulse
generator, and logical gating circuits. The
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operation of the logic ecircuits can be understood
with the aid of the state transition diagram shown
in Fig. 2. Flip-flop A is set to State A whenever
the signal exceeds the discriminator threshold.
Flip-flops A and B are reset to state (&, E) by
clock pulse CL-1. Flip-flop B is set to state B
whenever CI-2 is coincident with state A. During
normal operation, the system cycles through state
(%, B), (&, B), (A, B), (4, B}, ete. A "fast" en-
able signal is generated by passing a signal cor-
responding to {A -+ B+ A - B) through a low-pass
filter. Thus during the brief 26 us cable transit
time interval during which state (A, B) persists
for normal operation, the low-pass filter main-
tains the "fast"” ensble voltage. However, if the
transition from (A, B) to (A, B) fails to occur,
state (A, B) will persist for l.4 ms. In this
event the enabling signal will decay below an ac-
ceptable value in approximately 100 us, thereby
signalling a system fault and shutting off the
tone signal to the injector. A simple pulse width
detector measures the duration of state (A, B) and
produces an analog signal which 1s applied_to a
neter relay. Fallure to arrive at state (A, B)
results in a meter relay current of zero. If state
(K, B) persists for approximately 26 us, the meter-
relay reads within its high-low limits. Finally
if (&, B) persists for a half cycle, the meter-
relay reading exceeds its high limit setting. The
meter relay is interlocked with other meter relays
measuring ion-chamber high veoltage and dc current
and with a pressure switch actuated by the gas-
pressure in the ion chamber. These relay circuits
interrupt a "slov" enabling signal applied to the
tone interrupt unit.

When a signal fault occurs, the system is set
to state (A, B) and the fast enable signal is re-
moved within 100 us. A fault-latching circuit and
redundant relay circuits continue to withhold the
enabling signal even though the system again pro-
ceeds through its normal cycle after CL-1. The
fault-latching circuits are manually reset to re-
sume full operation.

The Positron Gate

When positrons are being made, a large signal
is produced in the long ion chamber. The discrim-
inator is accordingly provided with a gating cir-
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cult which acts to prevent the signal from the
positron source from shutting off the injector. The
positren gate is normally triggered only when the
positron beam is in operation. Its time delay and
duration are adjustable, so that the system can re-
tain full sensitivity during those periods when no
large turst of radiation is expected from the posi-
tron source.

System Reliability Experience

Since April, 1966, the system has been almost
continuously avallable for operation whenever the
beam has been turned on. There have been two
operating failures, so far. A control potentiom-
eter opened, and a meter relay failed. In both
cases, the system failed safe. The principle
cause for complaint sbout the system hes been that
it works, meking it difficult to perform experi-
ments which produce ion chamber pulses larger than
about 18 v, the maximum possible discriminator
setting. In some cases it has been possible to
accomodate these experiments by using the posi-
tron gate. 1In other cases i1t has been necessary
to disable the system completely.
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Fig. 1. Long ion chamber pulse trains as observed Fig. 2. Block diagram, timetable, and state transi-
in CCR. The horizontal scale is approximate- tion diagram for the long ion chamber logic
ly 4 us/cm. The lower trace shows evidence circuits.
of beam blow up.
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