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R « ABSTRACT

R ¢ w»p deeay counter has been designed and used to count positive

/ :'_oni irx levetal aynchrotrcn and cyclotron experiments, Utilizing an
"vimproved gate geﬁeratot and coincidence c¢ircuit, the detectar posscases
'.gr ve:‘y ‘Stable affi@iency for counting pions in several energy intervals.

»The detector is readily adaptable to the addition of extra Gounters to permit
i\eAdcte&tian of pions ifi'the presence of large backgrmmdl. '
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L INTRGDUCTION
The detaction of positive pions on the basis of their 1!’-)1. decay, first
dcmonstrated by Jakobeon, Schulz, and Steinberger,l offers several
L a&v;ncageo over other counting methods. Considerably larger backgrounds
‘can’ be tolerated than with detection by the much slower p-e decay. first

o demomtnted for arttficiauy produced pions by Alvares et al Although

© in the latter case the background can be greatly reduced by employing a

& pﬁh‘ed beam and counting the p-e decays only when the beam is o(i.s. such
' . _'s technique is not feasible on many accelerators. Since a w-u detector

. téleacope can generally be made quite compact, considerably more versatility

it the angle of detéction and solid angle are poesibie than with magnetic

L lpectrometcﬂ empioyed to count pions.
, - Counters requiring a w-p. decay for identification of a pion have not
"been used very extensively to date. Since the mean life of a pion is
2.54x 10" -8. second, 1 a major obstacle to the satisfactory operation of the

' counters has been the need to develop suitable fast electronics for counting
the #-p decays in coincidence with detayed electronic gates. In order to have
- stabmty in the counting rate, it is impartant that the gates themselves be

| '-.{atabu and have sufficiently fast rise times to result in a plateau for the w-p

deéay counting rate as & !nnction of ampltgude of the 4.1 -Mev u pulses.
‘These requirements are satisfied by the circuits déscribed below, and the
‘résult is a very stable pion detector with considerable versatility. '

“,'Thi‘s' work wu done under the auspices of the U. §. Atomic Energy Commission.
tI"x-enem: address: Lockheed Aircraft Corporation, Palo Alto, California.
' #present address: Hughes Aircraft Co;npa.ny. Culver City, California.
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B II. BASIC CIRCUIT DESCRIPTION
S T The basic counter a.rrungemént used with the x-u electronice is shown
T 'in Fig. 1. The signals from each coutiter, which usually conaists of a photo-
; . muitlpl(er and fast scintillator, are amplified by a wide-band amplifier, such
' o as the Hewlett Packard distributed amplifier type 460A, before they enter a
S { T faet comc_idenca ¢ircuit. Whenever a charged particle passes through the
"‘_-.' _-front two scintillstors with eufficient energy loss that it could be a pion of the
;I proper energy, a coincidence is made which triggers a gate generator. Often
;"thi&hcéiﬁinmﬁn level of this coincidence circuit may be set high enough to
. avnid responding to a large fraction of any background radiation present.
- The. gate pulse generated by the gate former described below is sent .
o tc two diiferent coincmence circuits, as shown in the block diagram. To the
. .‘:’ other input of each of these coincidence circuite are sent signals from the third
7= counter, in which plons of a certain incident energy come to rest and then under-
" go a'wep decay. In order that the output of the first of these coincidence circuits
P be a measure of the number of #-p decays in this counter, the deélay of the gate
_:',} “input is mtde lohg enough so that no coincidences are made by particles passing
:through all thres iciﬂtiihtorn. but né longer than necessary so that as many
o - wept detays aré counted as possible. In practice, a delay of about 2.5 x m
L . second is found to be optimum. In order to have the output of the second
coincidence. circuit proportional to what is egsentially just the number of
- “;mccidanta.ls. the gate dahy should be longer by several pion mean lives. In view
‘ “."of this, a delay of %12 x 10" -8 second has been vised. Then when the dlgcrimination
‘levels .of the two coincidence circuits are balanced exactly, their difference in

.- counting rate is proportional to the number of w.u decays, and hence to the
; 5 _ »‘jmzmbpr }af incident plons in a certain energy interval,

_II. DETAILED ELECGTRONICS -

A. Qate Gtmentor ‘ L AP
L In tconveational gate-pulce -generating circu&ta. tha riee and hn times
Cof the gates, minimnm time duration, maximum ‘repetition rate, maximum
- duty cycle, and maximum power capabilities are seriouniy restricted by such
" inherent vgeuiim tube 'pfoperties as input capacitance, electron transit time,
- and peak power r-aéting. These limitations are considerably overcome in the

"~‘§atq generator shown in Fig. 2, which employs the Philips EFF60 aecond#ry

 emission vacuum tubes, 5
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The ﬁrlt EFP60, designated V|, is used as a single-stage amplifier

P wi"th a small amount of positive feedback from the dynode to the cathode
through the cathode inductance. This results in an output pulse with an

. ‘lmpréved rise time which then serves as a good trigger pulse for the gate-
r'v'-,formar tube V4. This EFP60 has a negative 5-volt bias on its control grid

' -and {s completely nonconducting. A positive pulse from V, of sufficient

" amplitude (= 4 volt) causes the dynode and plate currents to become large

: . enough so that the positive feedback loop from the dynode to the grid takes

o ~.’6§mi’%’ and drives the grid to a positive potential until the tube saturates due

& to_space-charge limitations at the dynode. The dynode load impedance which

.0 7 detérmines the gain of the feedback loop consists of the series-parallel

T ‘combination of Diode 1 with R & Re and Rg. in parallel with the 200 ohm

. impedance of a shorted delay line connected to the grid. Thus the total load

) iihpodﬁxce at the dynode is 100 ohms, which is adequate for the feedback loop.
.. .The length of the output gate 18 determined tompletely, then, by the length
. of the :horted delay line. Sparioul osctllations in the feedback loop are
- v'prevanted by the unidirectional clamping action of a 1N36 crystal diode whose
: a.nodo is grounded and whou cathode is coupled to the dynode by means of
_~c;pacitor 09 '

Placement of the delay line at the grid. ingtead of at the anode, reducea ‘
the dead time of the circuit between successive gates to less than 2 x 10° uec.
‘ Gate pulses having rile times of the order of 6 to 8 x 10~ -9 second,
Aeponding on the shape of the input pulse, and lengths that may be varied from

1 5 x10° -8 to 20 x 10 -8 second are derived at the plate of the EFP60. Ina

L typical experiment the ggte duration was selected to about 6 x 10~ -8 second, by
- '__uie’ of a 24-ft shorted piece of 200 ohm ¢able, to optimize the w-¢ counting

+~ " rate without causing an excessive accifiental rate which is, of course,

prépbrtiﬁnai to the duration of the gate, It is desirable to have the.gate length

: a‘multtplo of the aécoierttor rf period o that the average beam intensity {a

the ssme dnr!ng both the prompt and delayed gates irrespective of their rclative
delay, which as an added precaution should also be a multiple of the rf period.
Since these adjunments merely involve changes in length of certain delay
cables, the values can be optimiszed experimentally. Because of the high peak-
current emission of the EFP60, the gate amplitudes can be made equal to

about 5 volts for an output load consisting of several 128.ohm cables in

_parallel. A third EFP60, V., provides a gate monitor signal of sufficient

amplitude to drive a scaler directly with no need for an additional amplifier.
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‘l Coincldenee Circuits

7, -k The coincidence ¢ircuits, shown in Fig. 3, are similar to the crystal
d!oda ﬁoﬁncidence circuit described by Madey, Bandtel, and Frank. 6 In this
c;u. the output pulses from the crystal diode coincidence circuit are amplified
RS by the pentoée section of V) and then trigger the biased grid of & blocking
i-,f-‘_*‘:_),’f’otciultor. The output pulse from the blocking oscillator has sufficient
B ampmude to drive & scaler by the cathode follower V..

SN . The coincidence circuits display optimum operation for input signals
;_ ” ol éhe order-to 2 to 5 volts, for which the singles<to-doubies ratio is about
L 12 to 1. Such an amplitude is chosen for the input 4.1 -Mev pulses by.proper
. LV‘ e a&junmm of amplifier gain and photomultiplier voltage; the input gate signals
ST are sbout 5 volts, Owing to thé limiting action of the Hewlett -Packard wide-
N band amplifiers and to the constant amplitude of the gate pulses, singles are
e .'t:'_it"xtisver' able to feed through under normal running conditions.
‘ {}' 1% The discrimination level is varied by adjusting the input grid bias
“ . of the ‘block{ng osciliator by the halipot R, ,, as shown in Fig. 3. With this
hdj\utment. the diecrimination levels of the two coincidence circuits for each
o . etmnter are equted under normal running conditions by ucing a 100-ke pulser
v?fi-_ tb generate gata pulses that occur at random times relative to the beam, and
. _ henea yield only accidental counts in both coincidence circuits.

IV. PERFORMANCE
SR The w-p slectronic circuits described here have already been used for
. ~ e _ several pion-production experiments at the Berkeloy u’1,rm:hi-¢>tt'v::m7 and 184-inch
v M gyelotron, 8 and have displayed highly satisfactory performance even in the
S --ﬁucemo of very large electron and gamma backgrounds. Many checks on the
" validity of detection have been performed, of which the pion mean-life measure-~
oo+ wment is one of the most signmcnnt. A typical mean-life curve i shown in
S Fig. 4(a).
s+ 7 The stability of the counting efficiency has been of great concern,
et : pi:éﬂcuhrly in experiments requiring many weeks of running time. An"
L - .indictﬁou of this stability is obtained from the shape of the u-counter voltage
Sl pPlatean s shown in Fig. 4(b). During such long runs, the over-all pion-
’c‘:’ounfiz;g efficiency and the relative accidental counting rates of the crystal
 diode coincidence circuits have been generally observed to remain constant
 within about 5%. |

;’v r b
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V. MODIFICATIONS
In Section II the basic w-p counter arrangement was described. No!

| éthtr-da‘teetcﬂ or electronics are necessary for a positive identification
of pions, but often an excessive background requires the presence of

additional counters to reduce the accidental counting rate. Furthermore,

| .Jﬁc running time required for many experiments can be greatly decreased

by the simultaneous use of several scintillators in which w-p decays are

vk __ observed. An example of the manner fn which additional counters have been

used for such purposes {8 shown in Fig. 5 which was used in a synchrotron

experiment in which the eleciron background was excessive, To decrease

the accidental counting rate, extra care was taken to reduce the number of

‘gates generated by particles other than pions. Consequently, the gate generator

was triggered only when pulses in Counters 1 and 3 were in coincidence with

- each other and in anticoincidence with pulses in Counters 2 and 6. This
"réﬁﬁremem assured (a) that the incident particle did not give a pulse in a
Cherenkov radiator, Counter 2, which was insensitive to pions in the energy

- band selected by the telescope, and (b) that the particle did not have sufficient

range to enter Counter 6. Counters & and 5, in which the p pulse is observed,

are separmd'by appropriate amounts of copper absorber and define two
énergy bands of incident pions. Such use of extra counters and a coincidence-

anticoincidence nmtq is an example of the general way in which the accidental

‘rate may be reduced by proper discrimination against the generation of gates

by particles other than pions. .
The accidental rate may also be decreased by shortening the gate length
ot some sacrifice of counting efficiency. Further reduction may be obtained

by counting coincidences only when the output pulses from the w-p counter

,tail in a certain amplitude interval corresponding to 4.1-Mev i pulses. Such
- a single~channel pulse-height analysis isa great improvement over use of a

‘mere threshold discrimination level, as in the fundamental wep circuit,

It should be emphaseized that these counter and electronic arrangements

| _are only examples of the general way in which the gate-fortning and multi-
‘channel coincidence circuits described here have been used. Even with

several anticoincidence countsrs and energy bands of pion detection, the
entire w-p electronics occupies a relatively small space and requires little
maintenance.
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_ o , Figure Captiom
- ﬂ;. 1. Black dhgnm of basic w-i counter detector.

o i 2. Circuit’ ah.?un of electronic gate generator.
k «ﬂg. 3. Circult diagram of crystal dimlo coincidence circuit. Six units

- . of this type are assembled on the same chassis.
ﬂ‘i;. 4. Typical measurement of (a) plon mean life and (b) voitage plateau
© taken with a8 plasticy wintillator viewed by an RCA 6199 photomultiplier.

] i rig, 5 Block du'um of plonacmmung telescope with high background

‘ a;gcﬁpimtion; for dstecting pions in two energy intervals.
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