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Abstract. A uultiple éhanhel coincidence circuit.is described whose resolving
time is about 10-8 sec;' This cirouit»is suiteble for use with arrays of
scihtlllator.f photo multiplier}tubeecounters to detect sub;atopic

partlcleso The iuput channels can be trausformed ihto.anticolncidence

channels by a s1mple sw1tch1ng operatlono Details of construction are given.

Introduction., In recent months many observers havelbegun‘to use scintillatf
ing crystals (and llqulds) in conJunctlon with photomultlplier tubes as |
detectors of fest charged sub-atomlc partlcles° In many 1mportant ways these
detectors are not essentially dlfferent from gas counters, and the conventlonal
c01ncidence and ant1001ncldence techniques whlch have been worked out for gas
counters csn’be.end often arelsuccessfully epplied_with themo_ In one very
significant way, however, the scihtillation eounter is‘different frou a gas
counter; nemely, the output electrical,pulse from the»photomultiplierrtube'p
has a very shortvriseetime, of the order of 10-9 seco or 1ess; whereas for a
gas counter.pulselthe rlse-tiue is'seldom less than-5 x 1077 sec, Further- |
more, this short rise-time is accompaniedlby a very much smeller absolute
fluctuatlon in the time delay between the passage of the partlcle through

the counter and the onset of the output pulse than is the case w1th the

conventlonal types of gas counters° Hence wlth scintlllatlon counters one

may hope.to investigate physical phenomena in whieh very short time 1ntervals
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of the order of 10-8 sec. or even less, are of importance., Investigations

of this kind require coincidence and enticoincidence circuits with resolving
times of the order of 10-€ sec. or less, whereas conventional coincidence and
anticoincidence techniques have in the past been limited to resolving times
of the order of 10-6 sec.

In seeking a fast coincidence circuit, our particuler interest has
been to devise a circuit of resolving time 10-8 sec, or less which will
accommodate a 1arge number of 1nput channels (at least - four or five), and
which will have at the same time the possibility that any one (or even
several) of these channels may be quickly and easily transformed by a simple
switching operation-into an anticoincidence channel without loss in time
:reSOIution. ~This paper briefly reports our develepment of a satisfactory
circuit possessing these features.

The Coincidence Circuit. The basic idea of this multiple channel fast coin-

cidence circuit is very simple, The input pulses are each limited to a
definite standard height and then added together, Thus the height of the out-
put sum—pulse becomes a direct and easy measure of the number of pulses
occurring coincidentally in the input channels° By feeding this output
pulse into a properly setbroltage levelidiscriminator, one can expect to
obtain a circuit capable of responding to coincidence events,of a given'
multiplicity, and of rejecting coincidence erents of lower mﬁltiplicity°
More precisely, if'there are N input channels, each producing a pulse |
of standard height v, and‘if the discriminator is set to rejeet sum-
pulses of height (N—l)V or lower, than an N-fold c01ncidence is required
to produce an output pulse; if the discriminator 1e set to reject sum-
pulses of height (N-2)V or lower, .then both.an N-fold and an (N-1) fold

coincidence can give output pulses; etc.
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Thus the problem reduces to the following electronic operafionss
a) limiting the input pulses to a standard height; b)._adding these
pulses without increasing their time duration; ¢) making a voltage lgvel
discrimination on the sum-pulse. | :

We have investigated several ways of limiting the input pulses
to a sténdard height. Our most successful method is to apply the pulses
in the negative direction to the grid of a sharp cut-off pentode (6AH6),
This tube may conveniently be run with the grid biased about 1/2 volﬁ above -
cut-off, so that the input pulses are effectively limited to an amplitude
of (minus) 1/2 volt. One such tube is located in each input chennel. .

‘_.,A very convenient méthod»of,adding together the limiﬁed pulses‘is;

to use a single plate load resistor in common for all the limiter tubes,
(An actual circuit for 4 input channels is shown_in'Figa 1), Thusﬁthe sum .
of the plate currents flows in the.plate load. When several of the limiter
tubes are cut off simuitaneously9 the output voltage rises by an amount
equal fp'the plate resistor multiplied by the tétal change in,qurrent through 1
it, which is clearly proportional to the total number of tubes which are
simultaneously cut off.
| ,The positive output sumapulse may next be amplified (without
inve?sion) by a sufficiently broad band amplifier to prevent serious
distortion of the pulse, (e.g., a distributed amplifier with a pass-
band of roughly lOOMc)9 and is then impressed on the grid of the diserimi-.
nator tube (Fig.2). The volfage level diécriminating action is achieved
because the grid of the tube is biased below cﬁt»off by a definite amount;
hence ug;ess the sumupuise'is sufficiently high to raise the tube into the
conducting state no output pulse is obtained from the discriminator° Thé,

output pulses from the discriminator may be ﬁsed9 for example, to operate a
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conventional scaling circuit.

The Anticoincidence Circuit. In order to transform a coincidence channel

into an anticoincidence channel, a non-amplifying (unit gain) inverting stage
(Fig.3) can be switched into the desired input channel ahead of the limiter-
adder circuit'of Fig. 1. Then the (inverted) pulse in this channel is sub-
tracted from, instéad of added to, the other input pulses, and so its preéencef
pre#ents the resultant oﬁtput pulse from passing the discriminatofo If ﬁhe
pulse in this channel is absent, however, the discriminator can respond'to
the éum-ﬁdlse arising from coincident pulses in the other channels.
Discussion, In comnection with the design and successful operation of thig
circuit, severél points should be mentioned, first,'all the components must
be chosen to ensure a pass band of about 100 Mc from the input cables to the
output discriminator; in particular, a fast amplifier of the distributed type
with a 100 Mc band-width must be uéed between”the limiter—aqder and discriminator
circuits, Second, the input pulses must be clean andffree from "overshoot",
since overshoots in either direction can givé spurious resﬁl‘b’so OVérshaats
cah easily arise from_improper termination of transmissionflinés both at the
inputs and also between the limiter-adder and‘discriminatbr ciréuitso Very
large input pulses Qan be troublesome, because even relatively small over-
shoots on-very'large pulses can be large enough to give spurious effects.
Third, as in all high frequency circuits, care must be»exercised in éorrectly
shielding tubes and circuit elements and in decoupling plate power, filament
pover and ground impedances.

- With some care in laying out and constructing the circuits given here
ﬁe have been able to get reliable results in both coinéidence and anticoincidence

)

at measured resolving times of 2 x 10™° sec. using liquid scintillator-photo~

multiplier pulses generated by fast random protons (340 Mev). Using electron~-
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ically generated pulses of uniform height and duration, we have, with the same
equipment, reliably obtained resolving times of 3 x 10=9 sec, in both coin-
cidence and anticbincidenceo
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