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Abstract
The characteristles, performancea and capabilities of a systém vhich
can measure energles, intensities and 14fetimes of gamna trangitions in
radiozetive nuclel using a relatively large volume 76.3 ca Ge(L1) detector
and a fast seintillation dsteotor.was diccuseed. The system was used to
.measure the half~life of the 482 ke¥ level in 181’1‘a nucleus end was found
sr.o v-to be 10443 + 0,09 ng. The obtalned ‘experimental trensition probabilitien
of the different gemma transitions depopulating thia level were compared

with the theoretioal estimates of the single partiole models
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1e Introﬂuction.
' Solntfllation detectors are still the fastest nuclear radiztion
detectors suitable for timing experiments. However, thg exoellent
energy resolution of Ge(lLl) deteotors compared with seintillation

1-8) wor.k to study the tining

doteotors have encouraged many extensive
properties of relatively small volume detectors { < 50 cec ). Such
extengive work conoerning the timing properties of re}atively high -
volume Ge(li) deteotors ( > 50 oc ) does not exist. In other words,
the comparison of calculated time digtribution with experimental itime
speot:%_133-have not given complete agreemant. In ad@ition, relatively
E.-f'i;&i‘ volume Ge(Li) detcotors have better detection efficiency and
‘thus they are more suitable for low activity mezsu:.r:ements and detect—
lon of high energy gemma~rayss

The aim of this work is to investigzte the characteristics, perform=-
ances and capabilities of a system which can neasure energies, intens—
itiec and lifetimes of gamma trancitione in radicactive muclel using
a relatively large volume Ge(Lli) detector ( 76.1 co ) and o fast scin-
t11lition deteotor. Thi>s system (fogether with a gaura~gamma colncide-
noe system described "bei‘ore14)) "ig a part of a project in which the
dqc_g_ai.g;cheme_s of some Tadioaotive nuclel wild be stud.ieas). Howevoer,
in this uo;‘: aYBo, the system was used to mzasure the half-life of the
482 ke¥ level in 9174 nucleus. The obtaineé cxperimental tramsition
probabilities of the different gamma transiiions depopulating this

level vere compared with the theoretioal estizates of the single

particle znodei!..‘6 ) .

2e Systen Degeription

¥ig, {1 shows 2 block dizgram of tho syst:m. It consisis of three

diptinct parts : LR
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The sointillation detectors comstruoted for use in this vork, o
oonelsta of a fast XP 1020 Philips photomultiplier tube and a sultable
meohanical assembly which permit the housing of different orystals
and the necessary electronics. The oconstruction was made to allow
the abllity of using smeintillators whose thickmesses may vary from
few mm to about 60 mm o Considering the eleetronic part, a suitable
veltage divider network with decoupling condensers with a chain
current of 1.5 x 107> amp./ kilovolts and a focus controll was
oonstructeds The fast negative output was taken directly fxom the
anode of the photomultiplier while the linear positive output was
taken from the ninth dynode. For this purpose, a low noise preamplifiér
having an emitter follower oézge ha; been also constructed.

The Ge(Li) detector msed was a coaxial ORTEC detector type VIP'C
having & dlameter of LgYF cm and a height 6f 5.83 cm while its

-active volune i 76.1 co + The preamplifier unsed was also an ORTEC
12084 charge sehsitive preamplifier mounted directly on the deteotor
eryostat so that the inﬁut field effect transistor is kep% at low

temperature in order to provide good stability.and low noise level.
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i1) FAST LOGIC CHANNELS

Fast pulpes from ﬁﬁe anode of the photomultiplier are shaped by
a constant fraction descriminator with an amplitude risetime compensatsen
and then fed to the start input of a start-stop time to amplitude
converter. Pulses from the timing output of the Ge(Li) detector pre-
amplifier are amplified by a timing filter amplifier to optimize the
gignal to noise ratio, chaped by a second constant fraction descrimi-
nator and then fed to the ptop input of the time %o amplitude converter

through suitable 5052 delay cables. Oae of the time to amplitule
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converter outputs ip fed to an Interteohnique 400 channel analyzer
for time smalypis while the other output is fed to the first input

-f a triple coincidence circuit through a cuitable single channel

analyzzr ond delay.

411) SLOW LINEAR CEHARNELS
The linear output from the photemultiplier was faken from the
ninth dymode while that of the Ge(Li) deteotor was taken from the
energy output of the detector.prea.mp?l.ifier; .Each of thege outputs -
wvas amplified and then fed to 2 timing eingi!.e channel analyzers The
outputs of these single channel anziyzers are fed after suitable
"delays to the pecond and third inmputo of the triple coinecidence
clrcuit whose output gates the multichanpel analyzer for timing
analysig. ' a
Pulees from the Ge(li) detector amplifier are fed to a biased
amplifier which permit the division of the gamma~ray specirum into
several energy portions and expsnd each poziion to cover the vhole
memoxy of a ?1_2—LABEN multichannel analyzer and thus permit energy
“nialyais down to 0.‘2_kev/ch-a:me1. Each gpectrun was thus recorded
in ;é:i;: of overlapping segmentse Both the detector emplifier and

the biaged amplifier were equiped with a base line restorer while

a pile up rejeetor was present iln the bildsed a.mplii‘ier.-

Ze Syetem Investigeiion

3.1) DETECTORS
&) Scintillation Detector 3
The deteotor was found %o have en emexgr Tesolution 12 % for th¢

661 keV line of 137cs source when uging & 50 mm diameter x 50 mm
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hight NaI(Tl) crystal while the fast anode pulses were found to
bave & mean risotime =2 3 ne and a mean width at half maxdmpum 200
na when using 50 mm d&ia x 50 mm hight NE102 plastic scintillator

and a 13705 source .

b) Germanium Lithiuvm Detestor )

1) Ererzy Resolution .

Although tha.t. this detector is of the high resolutien type, vet,
the best resojution o%fained largly depends on the choice of the best
working potential as w=ll as the degree of matching and the way of

coupling between the zlectronic equipements processing ita signal

optiirroutpnt. Sueh conditieaz are, specifie for each detector and thus a

g.rdaire wsystematic study of :in.a: dependence of the:detector .resoclution -on.

suug. ico-these conditions was perfurmed, Regarding the dependence of tha

detector noise (preaz@lifier. output) on the applied bias, the noilse

level at different bizs voltages was measured by a 100 Mega cyels

« Teletronix oscilloscope model 465 after being amplified 40 times by

-zizozcosaw ORTEG low noise 47Z spectroscopy amplifier (Flg. 2a). At bias

voltages greater than 500 ¥olts, the noise level was laxgly reduced

to Jﬁc‘ﬁi‘t 250-*;:1.1."’;i:ov011:3 ‘a;ing to the decreas':ﬂin the detector capacity.
Upon increa.sin.g the bizs, the detector noise remains nearly conatant
up to a blag voltage of the order of 3550 volts a%t which the detector
nolse began to increase agzin due to the increase in the leakage

current throvgh the detector. Therefore, we can conclude that the

best working potential of the deteotor is = 3400 volts at which,

¢¢922" T the detector has a minimm capacity and negligable leakage .current,

However, the effect of tae detector hias on the detector pulse
height cutput was also measured ueing a 57es gource (rige 20}

The pulse height output was analyzed on the 512-LABEN multichaunel
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analyzer and was found to be mearly constarsg (photo-peak.position)
over the range from s 2000 to 3500 volts above which the pesk shape
tegan +to be distorteds

The eﬁergy resolution of the spectrometer (the full width at half
maximum of thzygzzk ) was then measured using a 6000 source at
different shaping time constants of the detector main amplifier
(0.54 1,2, 3 erd 6us )s In this favestigation, a €0c, source
was put at about 25 cm distance from the detector and the integral
counting rate was of the order of 1000 ¢/S . From this investigation,.
(fig. 3) a minimum resolution of 2.3 keV for the 1332 ke¥ line in
6000 was obtained for shaplng time constant 2 3 M Ss Sinoc large
shaping time constants are not recommended for higher couniing rates,
a 3 4o sghaping time constant was con51der;ﬁ to he the most suitable
for our detector, At this condition a photopeak to Cowpton ratio of
32/1 was algo obiained for the ;ame 600,  gources .

Concerning the way of coupling between the detector mzin amplifier
end the dbilased applifier together with the effect of base line restor-
:;.tion in both amplifiers, the best .settinp;s toget. the best resolution
could-only beugpnﬁrby experimentél empirical ﬁ;:ﬁs since there are
manry undefined variables for each particular syétem. For this reason,
the energy resolution of the spectxometer (et E’ra,.a 1332 keV) was
investigated at counting rates ranging from ¢ 3 x 102 c/s up to
%3 x 10* ¢/s at three different levels of the descriminator used
for base line restoration of the main detector 2=plifier {low, medium,
ond high) and at three different input circuit selection modes of the
bilased amplifier (D. Ce coupled, 4. C. coupled with low or high base

line restoration). Fig. 4 shows the dependence ¢ the spectrometer

energy resojution for different settings. It iz clear that as long
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as the counting rate is € S x 107 ¢/s , the bace line restorer

- deseriminator set at a medfun level and a De Cu coupling between the
mein amplifier and the biased amplifier seems to be the most suitable
gettings. However, at couﬁting rates > 5 x 10° /s , & high get=
ting of the base line descriminator restorer level of ths main
amplifier and A. Cs coupling with high level base lice restoration
of the blased amplifier are necessary to keep reasonable energy
resolution. Otherwvise a drastic deterioration of the spectrometexr
resolution is noticed.

In order to obtain the intrinsio resolution of the deteotor and
the contributions of tae clectronic noise to the spectrometer resclu=
tion, the dependence of the spectrometer resolution on differsnt
gamma ray energies ranging from 150 to 2750 keV was studied.

In this inveatigation, we have used the well knewvn gamma~ray. trano- «

itions in ’ 24Na ’ ’ 15133 5 ‘1 152Eu ’ 182Ta and

22635 sources. Figs 5 shows a plot of the limear variations of the
spectrometer resolution with the aguare xcot of the gemma ray energy.
From this figure and using the leasit esquare fitting methoéd, the
following empirical formula was construoted to express tha spectro-

neler resojuifon as a function of gaama~ra¥y" energy ,
Sty ES

E (keV) = (0.05 +0.002NE + (0. 694 0.05)

From this deduced formula the intrinsic resoltion of the deteotor
was found to be (0,05 40.00 2} {E , while the contribution of
the elcctronlo noise was (06 + 0.05 ) keV o

Comparing our experimentzl value of the intriansic detector resole
ution to the theorstical walue given by17) 2..35 {wF By vhere u 1s
the enercy needed to produce ome eleotron hole palr (2.8 e¥)} and P

is the Fano faotor , the Fano factor of ouxr detector was found to ba 0,16

=
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11) Detector Photopeak Efffciency

The deteotor efficlency of the spectrometer by the photoeleotric
effeot varies prapidly with the energy of g'a.mma-ra.ys: However, in .
nost of the experiments in ouclear spectroscopy, only the relative
intensities of different gamma %ransitions emitted by xadicactive
nuolei are needed. Thern;i‘ore, only the relative rather then the
absolute photopeak detectlon efficlency of the spectrdmeter is all
that required.

Since the shape of the photopeak efficiency cuxrve of the detector ©
was found to depend on the gource to detector distance'g) and the
cr;unting rate |9)’ we have .mea.su.red. the relative photopeak efficiency
ol our detecior at different gamma-ray energies in the energy range
fron }80 to 2400 keV. Using the well known gamma-ray trangition
intensities in 1313; = 1521.\1 ’ 132Ta and 22633 sources at a source
to deteetor dimstance = 25 em a.nd at counting rate = 1000 c/s. In this
investigation, the gains of both the detector main amplifier and the
biased amplifier were adjusted in such a way to be able to expand
paxrt of the gamma spectrum on the analyzer to odbtain x~ 0.5 kt-zV/cha'nnel.
The co:ipﬁlfte spectrum of each source was thus cbtained by taking a
geries of ;'cr]:;;e&,‘“portions ( fzom 6 to B portions ) of the spectrum.
Each portion was analyzed using the 512 multichannel analyzer a;xd
then normalized to each other to obtain the coamplete spectrum. The
relative photopeak efficlency curves obtained for different radioactive
souwrces overlap each other at a certain range of ene.:'g.y and thus could
be normalized to each other to obtain the relative photopezk 'efficie.ncy
of the dctector as a function of gampa-ray enermgy 28 shown in(fig. 6 o
Taking into oonsiderations, the statlstical errorg and the errors

iuvolved (average of 4 complete measuremente of each speotrum) in
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the intensities of ithe gamma-ray transitions used in this investigation,
the errors in determining the values of the relative photopeak efficiency

of the detector was found to be of the order of 4-5 %

3.2 TIME RESOLUTION

Vhen Ge{Li) detectors are applied for lifetime measurements by the
delayed coincidence technlques, ome ¢an cbtaln a time resclution of
the order of nanoseconds. However, thé most importaent source of time
gpread 1s the aependence of the detector pulae rise time on fhe place
of the interactlion of gamma~rays inside the detector. For relatively
bhigh volume detectors {good detection efficiency), this effect will
certainly deteriorate the time resclution of the system. However,
in the precent work the use of the constant fraction pulze height
triggers largely compensate the effects of walk and rige time varia-
ior « In this work, the time resolution of the gystem was measured
by performing delayed coincidences between the 1174 ke¥ and the 1332
K6V gamma lines populating and depopulating the 1332Kke¥ level in 9OCo
source - The 13352 keV 1j.nle wag aelected: in the scintillation detector
channel vhile the 1174 keV lime was selected in the Ge(Ii) detector

cthEEi. Fig.7_§;shqus tq;fprumpt resolution. gurve obtained ﬁhen_the

o P .
- SR g

1332 ke¥ line was detected by a 50 mm diameter x 50 mm hight HaI{T1)
orystal. In this case, the time resolution curve obtained was found

to have a full width at half mpeximum = 2.61 + g4 18 , a full width

et tenth of the maximum = 6.71 + .1 ns while slopes of 1.03 + 0.06
and 0.64 4 0,056 ns for the two exponential decays of the prompt
curve were obiained. When the 1332 keV line was detected by a 50 mm
dizmeter x 50 mm hight NE 102 plastic fcintillator, thg prompt
resclution curve obteined (fig.7-b) was found to have & full width

at half maximum = 2.42 + 0.} ns , 2 full width at tenth of the maxiznum
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= 6.1{+ 0.1 ne y while the slopes of the %wo exponentiel decaym of
the prompt curve were found %o be 0.88 + D.06 ond 0.70 + 0.06 na «
4o Tifetlne of The 462 keV Level in 017y

181q

The helf-life of the 482 keV level in a has been measured by

soveral authors using several tech.niqueszo“24)

« However, no mezsuxe-
pents of the lifetime of such level using Ge(TLi) detectors have been
reported before. Therefore, we have found it usefull Yo measyre the
half-life of this level uoing our Ge{Li) detec:l;or.wsemtillation

dcwictor {iming systeme

1) SOURCE PREPARATION

The exeited Levels of 1270z iz obtained from the decay of ' Vir to
181'1'a. . The 1818.1’.‘ gource was cbielued by irradizting a sznple of natural
BEf oxide in the BAER at Inshasg for a pericd of 48 hours st & neatron
f1ux of the order of 1072 n/en®/s » Since natural hafmiw: contains
a mixturs of 'T4HE (0,163 %) , VIOHE (5.21 %) , VITEE (18.56 %) , V1oHe
(270155 , YPEE (13.75 %) ana "®Cur (35.22 %) , the obtained activity
only contained , L17HE ( Ty = 70 days ) 180mps ( Ty = 5.5 houra )
end Blye ( Té = 42.5 days ). The sovrce was used 20 days after irradi-

etion md&‘&u the mam ectiviiz verc due to 175Hf'ﬂ"snd 18151‘ EOUTCEEe

ii) HEASUREMENTS

Fige 8 ahows a pariial deosy scheme of the 189ys nuolcnszs) in
whioh only the most intense transitions are indicated,

In order to meaSuxs ithe lifetine of the 482 keV level in 1810,

¢ we
have measured the eingle gamna-ray speotrum using both ' ce(Li) deteotor
and NaI(T1) ecintillation detector. According to the partinl level

sthene of 181

Ta end the single genma-ray specira odtalned, the life-
time of the 482 keV level in 1815.‘3. vas measured Iin two werSe

Firet, vz perforwmed delayed coinoidences be ween the 135 eV
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gamma-ray transition puyul:ﬁﬁng this level in the atzrt chanmel
(seleoted with the help of EaI{T1) detector) and the 482 keV ganma—
Tay transition depopulating this level in the stop channel (selected
with the help of Ge(Li) deteetor), The time spectrum thus obbained
18 given in figure-9 . s The walue obtained for the half-lire of the
482 keV level in '®'pa fs 10.38 4 0.12 2a . Thia value was deduced
after the subtraction of the chanoe coineldences obtained with a
prompt spectrum using 22Na source under the same experimental
conditions The data wers leazmt-squares fitted .

Secondly, we have performeR delayed coincidences between the 133
leeV gamma-ray transition pogalating this level in the start channel
(selected with the help of ZaI{T1) detector) and the 345 keV zamma
~ray transitions depepulatimg this level in the stop che.r;nel .(selected
with the help of Ge(li) deizstor). The Itime distribution spectrum
obtalned is given in fig. {0 = The pronpt contribution obagerved in
this spectrum was due to the presence (i I}‘the stop channel) of part
of the 34344 ke¥ transition depopulating the fast. 343.4 keV level in
the 1T5HI‘ — 1T5Lu decay « In fact, thiz contribution coul.tl be 3
reduced by choosing narrower window in the slow Ge{Li) detector
cha.tm,alén_r_fhis:isio]ﬁtion vas yot used since narrbver window will cause
the elemination of part of the gamma=-rays depopulating the 482 keV
level under investiga.tion_ and 4 reduction in the delayed coincidence
counting rate will he o'btla.ined. From the obtained gpectrum, the value
'deduced for the half-life of the 482 ke¥ level in Sl is 10.§040.13 nm.:
This value was deduced by least-squares fitting after the subtraction
of the chance coincidences obtained with the prompt spectrum of a 222
gource, under the same energy setiinga.

From the results obtained from these two meagurements, no significant

differences in the velues of the measured half-lives are noticed a
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Taking intc consideration the statistical eand systematie errors due
40 time calibration and eleotronic inptability of the epparatus,
a mean value for the half-life of the 482 keV level deduced from the

slopes of the time distribution curves was found to de ,

T% (482 keV level) = 10.49 + 0.09 ns

5« Discussion

PeeThe investigation dome in this work have peimizted us to study in
details the characterestics and performanoe of tne described system.
Such study is very useful in order lo obtain the ﬁest operating
conditiongd az well as the maximum capabilities of the aygtem. Tho
gysten deccribed here can be used to measure sccuraily gemma-Tay
energles with & resolut}on ranging from = 1 ke¥ at gamna-ray energy

of the order of 100 keV to a resolution x 2 keV at gamma-ray enerey
of the order of 1 MeV. In addition the relative gamma transitions
could be also obtained in the energy range fromg 60 to v 2400 keV.
However, belgg = 200 keV the dete;tion efficiency decreases rapidly
due to the absorption of gzmma raediatione in thé»dead layer of the
detector and in its packing materials. Concerning the time resolution
of the systen, fhe-prompt resolutlon curves’ obtzz;cd showed that lifc~
times 1o the nano-second range oould be easily mezsured by relatively
large volume Ge(Li) detectors. In addition, the value of the half-life

181‘1‘a. nucleus obtained in thig work 10.4940.09

of the 482 keV lovel in
ng i in excellent agreement with the most recent value (10.81+0.05)n5
obtained by Lowe et ale 24) 4o 1973 and with the values (10+5610.15),
and (1l.o+p.2) ns -
{104040.2) | (#02%0.35) ¢ reported Dy refercnoes 20523 ¢
respectively. However, using the theoretical values of the internal
conversion coefficients tabulated by S5liv and Band 25) znd the branche

ing ratioa of the different gamma-ray linea depopuiating this level;
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the experimental partiel gemza~ray helf lives T4>exp for all transitions
< a

have been calculated using Yia formula ,

T, = _E_E‘}obsnm +a )

Yexp -
Thesa values are compared wiith. the theoretical single particls Veisskopf
estimates16)

given by ,

Ty (1) = 2024 57 107 ne,

U

Té W (E2) = 9037 A‘.-‘VB E;s' ne and

Ty (2) = 119 &3 £3  na

where E't i8 the gamms-ray transition energy in MeV.

Ta cbtain tho Veigekapf :=timate a nualear radiuns constant of 1.2 Im
and a statisticsl factor § =1 ware used16)a

Table 1 shows the hindrace factors caleunlated xelabive to tho
theoretical single-particle Yelgskopf estimate of the partisl half-livess
The retardation factors for the 482 keV and the 345 keV E2 transitions
ere 'simila.'c. It iz diffleuly %o understand why the 482 keV M1 tranaition

i3 more ‘than 103 times noxo retarded 1.na.n ig the other 476 ke¥ M2

transitione
~ Tehle 1 -
o 7 2 B
Hindrance foéfor for pommz~ra¥ transitions of tho 482 keV level -
in 181‘1‘& nuol gus
By ! +
transitlen Haltipalarity Té:’erp “-,} v exp/ T,} y
(a7 L m
482 B2 12,80 36457
2 %M1 13,25 6.62 x 10°
476 puxe HN2 624,60 16402
345 mure E2 7739 42499

Y
" From ouxr present worlk.
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Figure Captions

: Block diagram of the system.

a) The dependence of the detector noise (pre-amplifier output)
on the applied bias at different bias voltages.

b) The effect of the dtector bias on the digctor pulse height
output using a’ 137¢s source.

se

Gamma-ray energy resolution of the Ge {Li) spectrometer
as a function of amplifier shaping time constant

: Effect of input circuit selection (I.C.S.) mode in
¥

(spectpo;ggpx_gmp}ifiefﬂand base line restoration discrimina-

tor level (B.L.R.D.)}in biased_;hplifief’on energy
/v *

resolution,

Linear variations of the spectrometer energy resclution
with the squgre root of the gamma-ray energy.

: Relative photo peak effeciency for different gamma-ray
energies of the Ge (Li) detector.

i Prompt time resolution curve for the 1332 keV level of 60Co.

a) detected by 50 mm dia x 50 mm hight Nal {Tl) scintillation !
detector in the start channel and Ge(Li) detector in the
stop channel,

b) detected by 50 mm dia x 50 mm heigh&JHEA}OZ plastic
scintillation detector in the startyand a Ge(Li) detector
in the stop channel.

181

:~A.pg£tiq£$d§éhy-schemé of the Hf niCleus (Ref. 26}.

: Delayed time distribution coincidence spectrum for the 482

keV level in 181Ta, (133 keV} gamma-ray line in the start
channel and (482 keV) gamma-ray line in the stop channel.

: Delayed time distribution coincidence spectrum for the 482
keV in 181Ta (133 keV) gamma-ray line in the start channel
and {345 keV) gamma-ray line in the stop-channel.




