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i Ahe

The fourfold coincidence circuit used iHYﬁ palir ex—
periment was a first approximation to an ideal éoincidence
gircuit. The important properties of such an ideal circuit a
re the following:

1) Short resolving time.

2) 100% Efficiency.

3) Convertible into a threcfold, twofold or single circuit.

4) Short dead time at the inputs and the output.

5) outputs of both polarities, at least onc being capable of
driving another similar circuit.

6) Stability with respect to voltage drift of the power sup-—
plkies. |

7) Stable and Rugged.

8) A reasonable threshold of photomultipliers

A coincidence circuit will have a short and constant
resolving time only if the inputs are formed in amplitude and
in duration. There are mény’different types of limiters used
for this purpose, We have usecd a diode limiter in conjunction
with a shorted stub to form the input pulse. Diodes were Uu-

scd instead of wvacuum tubes or transistors because they are



faster. They present some problems of impedance matching but
these can be overcome. The inputs are all D.C, coupled to a-
void level shifts at high input rates. The coincidence cir~

cuit congists of a diode Rogsi circult followed by a tunnel

diode discriminator to separate triples from fourfolds with

a short dead time.

In the circuit used, two fourfold coincidences a-
nd one double were mounted on the same chassis iSee figs fh
Outputs were available for counting the fourfolds. The in-
puts of the double were internally connected to the outputs
of the fourfolds thus forming an eightfold from the two fou
rfolds. The inputs used had an impedance of 125 ohm and ouf
puts 200 ohm. This has becn changed in subseguent circuits

to 125 ohm,

The limiter

The input pulses are limited to 3 V when they cut
off 30 ma in an impedance of 100 ohm. The 100 ohm consists
of the 200 ohm shorting stub in parallel with the 200 ohm
input resistance of the coincidence circuit {See fige. @.
Two Q6/100's in parallel were used to conduct the 30 ma. A
third cut off Q6/1OO helped %o clamp the input for large pu
lses to serve as a safety for the other two. Probably it wo
uld be better to substitute FD100 for the conducting diodes
and add about 100 ohm in series with the safety Q6/1OO to
torminate the input for large pulses. The input is vaguely
terminated because the 100 ohm of the parallél combination
plus the foreward resistance of the conducting diode appro-—

ximate 125 ohm. In any case¢ it is advisable to terminate the

cable at the photomultiplier,.
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The Rogsi Coincidencs

Consider the diode Rosggi double coincidence shown

in fig. 3.

-V,

%

N

FIG. 3

If B> Z and V, >> the drop across the diodes, the voltage

at the point A is negligibile with respect to Vge. Thus the
Vi

resistor R carries a current I Q:Eg o This current is divi-

. ; . Z

ded equally between the twe diodes each one conducting =

(<%

If there are two input pulses of different émplitudes the
pulse at A is equal to the smaller of the two. If they are
equagl the pulse at A to the inputs in the épproximation

] i "

Instead, if there is only omne input, the pulse at
b adlh 2 J—
Ais VU, = %fiﬁfﬂﬁ ﬁ?ﬂ . (Remember that the input cable is

in parallel with the resistor Z}. Where R; is the average rg

. . ray
gsistance of the diode when the current changes from = to
I.

The ratio of doubles to singles is thus:
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We see that this ratio is large for small T and small Z. Ho-—
wever, R%_inoreases for small I, Therefore it is not worth
while to diminish the current below 1 ma per diode.

Here we have not considered the output circuit

63ee fig. Q. If the output circuit prescents an impedance R!

) e
at the point A, the maximum output is Z"E:;}ﬁ,for a doub—
le. Tor a single it is ;ff'é-ﬁ z}f:’f/"'?
-5 f&#;mq's
é;{» Thus
| | 2/Z cip rR77
R Kw —T b
= 5 = | 5 Ry
i e ‘?,
A z

. ! FIG. 4

We see that the ratio improves by increasing R'. R!' is deter
mined by the discriminator used. The discriminator used (see
fige 5) had a IN2941 tunnel diode with 220 ohm in series.
Thus R' 2 Z/ in this case. With 220 ohm 's in series with
the 5 ma tunnel diode, the threshold of the discriminator is
about 1.16 V = gfafoiﬁfﬂi 0,24& + The reason that the thre-—
shold of the discriminator was chosen about onc half of the
limited input pulse is to fix the resolving time 27 about e
gual %o the duration of the formed input pulsecs. The curre-—
nt I in the coincidence used was 7 ma to assurec a margin of
safety for triggering tho tunncl diode. The point A of the
coincidence had a pulse of Qﬂéﬂ’:7{k;aggg+ﬁgfor a proper
fourfold coincidence. Given that the input pulses are 3 V
high, guarantees that the 7 ma are switched into the tunnel
diode, ®ince a 5 ma tunncl diode triggers badly when loaded
ty the base of a transigbtor, the emitter of the ?N769 was

biased at 0,2 volt to the threshold of conduction by a con-—
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ducting GAS5. The output atv the collector of the 2N769 sa-—
turated a cut off 2N706 giving a standard outpute If a
2501 is used instead of thc 2NT769 s the 5 ma tunnel diode
doesvnot trigger but produces a spectrum of pulses.
To convert the fourfold coincidence into a threge

Told, twofold or single, a switch on the ground side of the
200 ohm at the input could bias into cutoff the diode above.

Various tests worc made with a 20 ma tunnel diode
instead of a 5 ma diode to improve the triggering characte—
ristics of the discriminator. In test number 1) the 220
ohm resistor in serics was rcplaced by 68 ohm.to have a

throshold of 1.42 V = 20 x 10 °

x 68 + 0.06. R was changed
to havec a current of 28 ma.’In this case a triple at the
input of amplitude greater than 15 V triggercd the discri-
minator due 1o deorease in the ratio of fourfolds to three-—
folds. In this case R' was 58 ohm. Another trouble with a
small R' is that the pulsce in the 200 ohm cablc used as a
shorting stub, secs at the input of the coincidence circuit
the 200-f% resistance in parallel with thec 68 .42 until the
"diode is cut off. This produccs a reflection which returns
to the short and thus returns again. This sorics of reflec-
tions produces a rather longz dcad time at the inpuits.

Test number 2) was to polarize the 20 ma tunnel
diode at 10 ma. Thus a scrics recsistor R' of 120 ohm could
bec used. The resistor R was adjusted to draw 14 ma. Here a
small pulse of 25 mv on the ground combincd with a triples
pulse below the threshold triggered the diode when the tri-
ples input was greater than 15 volts, thus triggering the
tunnel diodee.

Test number 3) consisted of a step down  auto—

transformer of 8 turns in the primary to 3 in the secondary,



with the primary connected to the coincidencce and the secon-

dary to the 20 ma diode. Thc rosistor R was adjusted to draw
10 ma. With this arrangement, the threshold for fourfolds

was 1,4 volts and a triple of 25 volts did nov trigger the
discriminatoru The trouble howcvor was that tho impedance of
the tunnel diode as seen in %ho primary of the transformer
was 8till rather small causing rcflcctions at theo input of
the coincidence,

Test number 4) consisted of using a 2N769 omit-
tor follower with 39 ohm 's in the emittcer in sories with
the 2C ma diocde. Here the thrcshold was about 1,3 volts and
25 V triples did not triggor the discriminator; R was adju-
cod to draw 7 ma. In thig last test, the impcdance secen at
he input is closc to 200 ohm go that multiple reflections

arc avoided.

Actugl Circuit Used

In figs. 1, 2, 5 and 5 arc shown tlo circuit u-

sede In fig. 7 is shown the Ligh voltagq platcaus taken with
2 m shorting stubs instead of +tho normal 1 m oncs %o dimini-—
sh the effect of the time shift caused by tho change in high
voltage. Fiz. 8 shows the curve of the counting rate V3. The
delay of one of the four inputs of the fourfoid coincidence.
This curve has the form of a trapczoid with the Tlat region

N

of 2 ns at the basc on cach side. 24L& the full width at
hal? maximum is thus about 7 ns.

The scintillators uscd in the countors varied in
size from 5 x 15 em to 30 % 30 om in the fourfold coinciden-—
ce. The effect of the sizec on the scintillators is to intro-—
duce a jitter in the timing of about 2ns, which accounts in

(=]

great part for the sloping sidces of the trapczoid.
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