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Abstract. A completely itrumifatorized coinoidence speatrometer which gould
be used to study direct a.nﬁ-f:'.omGidenoe garma—-gamma speotra is ghotwme The
oonstrusied electronle oirculits, characteristice and performerces of such
-speotrometer are pres;:nted;z Idrect and coincidence spectra for the decay of

1525, are also presenteds '

; Introduction

Study of decay schen;es of radloactive nuclei offers one of the most
ioportant methods to stuﬁyi t2e nueclear stmetu.reﬂ. Direct‘;\pectra, eolncidenco
cpectra as well as engular correlation measurementis supply very important
knovledege about the decay scheme of tﬁe studied nucleus. A coincidence apectro-
meter vhich could be alzse used for angular correlation experiments i3 one of the
rpost important equipments for any nuclcaxr phyepios lazboratory. Therefore;, we have
found 1t usefuld fu construct a completely trannistorized coineidence gpecirometere
This spectrometer could be used to study direct gampa epectma, gampea-gamaa coin-
cidence .speotra ;a?d moments ofa-excited levels by “dagular correiation methodse
It L3 alse possibled’:o measure beta—~gomra or alpha~gamra coincidence by simply
Qhooaing suitable seintillators for beta- or alpha-particles. The anectrometer
c.ould. be easily modified to study bets-gemma, alpha-~gamma or gamma~gamra ooincid-
ences ueing high resolution detectors such as Ge(Li) detectors or surface barrier

deteotors {under construzction) for alpka or beta particles.

*  atemie Energy Esgtablishment, Cairoe

S Faculty of Eduoation, Ein Shamz Tniveraity, Cairo. 3

i Phyaics Depariment, Facwlty of Science, Calro University, Glzae.

a3




tih
— 44 —

The purpose of this work 1s therefore to constrmct such 2 spectrometers

The specirometer has been tested ueing 22Na and 6000 sources. For the complele-

152

ness of the work Ez has bocen sinply investigatcdz)o

General Description

Pige 1 showa & block diagram of the whele spectrometer. ¥e have constrmeted
two scintiliation deteotoraj) using two 153 AVP photomultipliers (PHM) each of
whick it coupled to a 2'x 2“ NaX(Tl) crystzle Pulses from the anode of each PM
are fed to & variable resolving time fast coincidenqe oircuit after suitable
amplification and shaping. Paxrt of the¢ spectrum from one of the photomultiplier
detectors PM(2) could be selected by & zero crossing single channel anatyzer and
then fed to one of the inputs of a slow coincidence oiicuit throvgh e phase
invertor and shaper. The other input of the Blow coincidence clrcuit receives
pulses from the output of the fasl coincidence circuit efter passing through
2 suifable delay circuit. The output yrulses from the slow coincidence circnits
are used to gate a 512 ILABEN multichannel analyzer after being amplified, shaped
end delayed by suitable circuits. The multichannel analyzer receives a direct
ppectrum from PM(1) through a suiteble linear amplifier znd a delay lines »

The two detectors are mounted on an angular correlation table Fig. 2 with
a movable source holder in the center of the tebles, Owing o the finite size of
the detectors,_}&g table pezmite coinpgidence measurcmenis- at angles varing from
60° 4o 240°, T

Flectronic Circuits

A1l the electronic eircuits presented in figs 1 except the linear amplifig
and the zero crossing single channel analyzer in chamnel {2) have been comgtruc:
for the present workz), ‘hovever, only fast circuits will be' presented.
(i) Fast Amplifiers:

Two identlcal fast amplifiers have been constructed. Fig.3 shows the cirg
of ome of these ezmpliflers. It consists of a capacltive differcntiator (200 pe’

followed by an unsaturated differential amplifier (T1and TZ) and = gated ampli
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(T3). Ty and 7. act ps an «mplifing stage followed by zn emitter follower, The
g2in of this amplifier hes Been found 4¢ be In the order of 100. Its band widih
mounts to about 20 M Hz. Tae input. pulses {from the photomattipliex) have about
25 ns rise-tine and 5jp3 domration while the output pulses from the circult have
ebout 10 ns rise-tims and 200 ns duratlons
(11) TFast Shapezst -

Fig. 4 shows the clreuit of one of the fast shapers used in the present
vorke It conasists simply from & differentiating stage using a 25 pf capasitance
followed by two.amplifying stages (T1 and Ta) and then an emitter follower ?3.
The output pulses from such circuit are of about 7 volts amplitude and 20 ns
duration. L
(111) Verieble Resolving ‘j.;ine Fast Coincidencet

Fig. 5 shows the cirenit used which cﬁnsiats of a fast coincldence stage,
& fast discrimiﬁator stage snd a2 fast shaper. The resoelving time of the colnecid-
ence circult conld bs changed by chanéing the diserimination level of the fast-
discriminator. The coincidence nfage copnslsts of two tunnel dlodes whose blases
ere adjusted so that only rezztive pulses of amplitmdes greater than 6 Volta can
preduce tumnel effects4)- The ouniput of the coincldence stage depends on the
delay time between the two ingEt pulaes, For maximmm overlep, the ouiput pulsca
are of hah@ht:;j?j;;plts apd-duration.time;g A40*Ns. These pul;ea are fed to

the digeriminator through the emitter follower T.. The fast dfscriminator used

1
oongizta of two tunnel dlodes followed by an amplifier T2. The dlscriminator

lower level and hence the :esolntion of the coincidence could be varied from

0 to 0.5 volt using two varlable resistors 10 KSZ and 820 515

Porformance

Figs 6 1llustrates the resolving curves of %the fast coincidence unit for

22Na ') 6000 yand 152Eu sources. Feor 22Na curve the Tesolution {27) wag of the

order of %6 ns while the slope of the curve has a 1&21,10 ns« The ratlio of
ascldental "to tTtue coincldences 135 20/0. The spectrometer has been tested by

, 22 .. . EBD
performing direat and coilncidence spectra in ~~Ra uhd " Co sSouroeds
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In caﬁe of 22Ha source fige 7 it is clear that the 1.275 HeV line is
completel& aﬁsent from the coincidence spectra, while for 6000 curves [ige 6
the ratlo between the intensities of the 1.7B and 1.33 HeV lines zre greatly
affected according to the position of the choosen window.

The apectrometer hao been aleo used to study direet and coincidence spectira

152 152, 152

in the deczy of Ea = 152Sm and - Gd. A simplified decay scheme

inoluding the investigated transitlens is illustratfed In fige 9o Yhe direct
specirum {I) obtained as well as coineidence spectra {II, III, IV} for different
choosen windows are shown in fig. 1C. When the multichanmel analyzer was gated
with the 122 Lev line in 2%Sm ( 2% —=» 0% transition ), the 0.245, 0.965, 1009,
1611 and 1.41 MeV lines are well cbserved vhile the 0.324 and 0.779 eV lines

152Gd, Kadye ere highly attenuatedas then the multichannel analyzer was

152

due to
gated in the 0«344 ¥eV line in Gd. (2+—1> 0+ transition) the most pronounced
line wag the 0.779 lieVs When gating the multichanrel analyzer by the 0.779 eV

152

in Gd, the most pronounced line was the Q.344 lMeV.

Authors would like to exprestc theilr cincere gratitude to 2ll members of
tha Nuelear Physics Laboratory Loz providing faeilities and their help during
the experlmental measurements. We are indébtea to li.As EL Sazndani and H. Housa

for their technical help.
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Figure Caption

A block dlagram of %he apﬁaratunh

Gamma~ganms engular correlatlion tableo

A transistorized fast amplificr eircult.

A transistorized fast shaper circuit.

L tranaigtorized varieble resolving fast coimoidence eircuit.
Resolving time ¢urvea of the fagt coincidenca unit for 22Na, 6000
and 152Eu EOUTCEGs

Gamma~gammz coincidence spectrom ueing 22Ha S0UTCas

Cammaw-gamng, colncidence ppectra using 6000 BOUTCOw

Simplifled decay scheme of the decay of 152Eu. Fnergies indieated
by arrows are those observed by the systemo

Gamma~gamma coincidence spectira using 152Eu sources
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I -Direct spectrum-

II-Coincidence specirum

#[th windew (A). Window . Window

III-Coincidence spectrum (A) iB)

with window (B). l '
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Vertical scale on the Jeft represents spectrum I
Vertical scale on the right represents spectra Il &1
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