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A TRANSTSTORIZLES GAMD-CAMMA COINCIDECE SPECTROMETER
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Abstract. A completely trumafstorized coincidense speatrometer whish gould
be used to study direcd a.:".ﬁ-rz‘.ni_ncidenoe gacma-~gemma speotra is chown. The
oonstrucied electronle oireslits, characieristice and performevces of such
-Bpecironeter are presénted;s Hreet and coincidence spectra for the dessy of
3 152Eu. are aleo presenteds '
' Introduction

Study of decay schem.les of w#odioactive ruelei offers one of the moet
important methods to studq,ri i=e nuclear st:metureﬂ. Direc:;\pectra, ecolncidenae
cpectra as well as angular correlation measurementis supply very important
kpnowledege about the decay scheme of fhe studied nucleuse. A coincidence épect:co-
meter vhich could be alse used for angular correlation experiments i3 one of the
rost important equlpments for any nuclecax phyeios laboratory. Therefore; we have
found 1t useful fu constriuct a completely tranpgistorized colneidemnco gpectromeler.
This spectrometer could be used to study direet gamma gpeetira, gamma-gamsz coln-
cldence speotra and moments ofa-excited levels by “dhgular correlation methodss
It i3 alsa possibleJ‘:o measure beta~gomma or alpha~gamma coincidence by simply
c_:hoosing suitable secintillators for betaw or alphe-particles. The anectronaeter
c-ould. be easily modified to study beta~gamma, alpha-gamnma or gamnz~gamma coincid-

ences using high resolution detectors such as Ge(Li) detectors o1 surface barrier

detestors {under construction) fer alpba or beta particles.
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The purpese of this work 1s therefore to constrmect such & spectrometers
The specircmeter has been tested using 22Ha and 6000 sources. For the complele—

152

ness of the work Eq has boen sinply investigatcdz).

General Descrlpilon

Fig. 1 shows & block diagram of the whole spectrometers We have construeted
two scintillation deteotoraj) using two 153 AVP photomultipliers (PM) each of
which it coupled to a 2 x 2 Fai(Tl) crystal. Pulses from the anode of each PI
are fed to a variable resolving time fast coincidence oircuit after suitable
amplification and shaping. Patt of the spectrum from one of the photomuliiplier
detectors PM(2) could be selected by & zero croésing gingle channel analyzer and
then fed to one of the inputs of a slow ceincidence oiﬁcuit through e phase
invertor and shapere. The other input of the Blow coincidense circuit receives
puloaece from the output of the fast coineidence circuit after passing through
2 suifable delay c¢ircunit. The output pulses from the slow coincidence elrcuita
are used %o gate a 512 LABEN multichannel analyzer zf{ter belng amplified, shaped
end delayed by suitable circuiis. The muliichannel analyzer recelives a direct
ppectrum from PM(1) through & suiteble linear amplifier end a delay line.

The two detectors are mounted on an angular correlation table Fig. 2 with
e movable source holder in the center of the tables Owing ito the finite size of
the detectors,_}gg table_pq;m;te coinpidence measurcmenis- at angles wvaring {rom
60° 40 240°. S '

Electronie Circuits

A1l the elecironic eircuits presented in fig, 1 except the linear amplifigq
and the zero crossing single channel analyzer in chainel {2) have been comgtrue’
for the pregent workz), ‘however, only fast circuits will be’ presented.
(i) FPast Amplifiers:

Two identlcal fast amplifiers have been constructed. Figs3 chows the cirg
of one of these emplifiers. Tt consists of a capacitive differcntiator (200 pt’

followed by an unsaturated differential zmplifiex (T1and T2) and a gated ampli




.—-45-
(T3). Ty and 7. act ps an «mplifing stage followed by an 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. Fae input. pulses {from the photomuttipliex) have about
25 ns rise-tine and 5jp3 domration while the output pulses from the cireult have
ebout 10 ns rise—tims and 200 ns duratlones
(11) TFast Shapezst -

Fig. 4 shows the clrewit 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 anplitude and 20 ns
duration. L
(111) Verieble Resolving ‘j.;ine Fast Coincidencet

Fig. 5 shows the circuit used which cﬁnsiats of a fast coincldence stage,
& fast discrimiﬁator stage snd a2 fast shaper. The resolving time of the colneid-
ence circult conld bs changed by chanéing the diserimination level of the fast -
discriminator. The coincidence nfage conzlsts of two tunnel dlodes whose blases
ere adjusted so that only regztive pulses of amplitudes greater than & Volta can

4)

produce tumnel effects™ . The oniput of the coineldence stage depends on the

delay time between the two imomut pulees. For maximmm overlep, the cuwtput pulscs
are of hah@ht:;22?5t?olts and-duration time~’ 40“fis. These pulses arc fed to
a8 ) .

the digeriminator through the emitter follewer T,. The fast diseriminator 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 variable reslstors 10 ESZ and 820 5,3

Porformance

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

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

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

, 22 .. . EBD
performing direat and coilncidence spectra in ""Ra anhd ~ Co Souroeds
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In cage of 22Ha source fige 7 it is clear that the 1.275 HeV line is

completel& absent 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~ganmsa engular correlation tableo

A transistorized fast amplificr eircult.

A transistorized fast shaper elrcuitl,

L tranaigtorized varieble rezolving fast coinoidence circuit.
Resolving time ¢urvea of the fagt coincidence unit for 22Na, 6000
and 152Eu EOUTCEGs

Gamma~gammz coincidence specirom ueing 22Ha S0UTCas

Cammaw-gamng, colncidence ppectra using 6000 BOUTCOw

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

Gamma~gamma cojncidence spectra uslng 152Eu sources
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’ I-Direct spectrum

IT-Coincidence spectrum
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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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