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Abgtract
The characteristics, performancea and capabilities of a aysté.m which
can measure energles, intenslties and 14fetimes of gamma. trangitions in
radiozctive nuclel using a relatively large volume 76.% co Ge(Li) deteotor
and a fast secintillation deteotor.was diccuseed. The gysten was used to
.measure the half-life of the 482 ke¥ level in 181’1‘& nucleus end was found
»+to ba 10.49 + 0.09 nge The obtalned:experimental trensition probabilitien
of the different gamma transitions depopulating thia level were compared

with the theoretioal estimates of the single partiole models
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1 Introﬂuetion' |
'Sointillation detectors are still the fastest nuclear radiztion
detectors suitable for timing experiments. However, the exoellent
energy resolution of Ge(li) deteotors compared with seintillation

- 8) work to siudy the tining

doteotors have encouraged many extensive
propertles of relatively small volume detectors { < 50 ce ). Such

extengive work conmoerning the timing properties of rel-.a.tively high -~
volume Ge(li) deteotors ( > 50 oc ) does not exist. In other words,
the comparison of calculated time distribution with experimental ilme
speotrg.—ﬁ)have not given complete agreement. In additiom, relativoly

lar
-l::izéna volume Ge(Li) deteotors have better detestion efficiency and

" thus they are more suwitable for low activity measurements and detect-

lon of high energy gemma~rayss
The aim of this work is +to investlgzte the characteristics, pexform=-
ances and capabilities of a system which ean nmeasure energies, intens—

ities and lifetimes of gamma transitions in radicactive rmuclel using

- @a relatively large volume Ge(Li) detector ( 76.1 co } and & fast scln~

t11lition deteotor. This sysiem (itogether with a ganma-gamma colncide~
nee system described -'bei'ore14)) "ig a part of a project in which the

' 5
de_c__g__ echemes pof some radiocaotive nuclef wil® be stud.tel ). Howevor,

—_—F g

in this work alpso, the system was used to measnre the half-1ife of the

402 keV level in 191

Ta mucleus. The obiainei cxperimental tramsitien
probabllities of the different gemma ‘ransiiions depopulating this
level wvere compared wilth the theoreticel esiirates of the single

particle model16 ) .

2. Systen Deseription
¥ige 1 ebows 2 block dizgram of tho system. It consicis of three

diptinet parts 2 _ -
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The sointillation detectora construoted for use in this work, -+
coneleta of a fast XP 1020 Philips photomultiplier tube and a suitable
meohanical assembly which permlt the houging of different orystals
and the necessary electronics. The oonstruction was made to allow
the ability of using seintillators whose thicknesses may vary from
few m o abeutr &0 om . Congidering the eleetronis part, a suitable
veltage divider network with decoupling condengsers with a chain
current of 1.5 x 107 amp./ kilovolts and a focus comtroll was
oonstructed. The fast negative output was taken directly from the
anode of the photomultiplier while the linear positive output was
taken from the ninth dynodes For this purpose, a low noise preanplifier
having an emitter rollouer.néage ha;'heen also constiructed.

The Ge{Li) detector nsed was a coaxial ORTEC detector type ?IP10
having a'diametér of g YF cn and a height of 5.83 en while its
-ective volune is 76,1 co . The preamplifier used was also an ORTEC
120B4 charge sehaitive preamplifier mounted directly on the deteotor
oryostat so that the input field effect transistor is kept ab low

temperature in order to provkde good stability.and low nolse level.
. = -
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il) FAST LOGIC CHANNELS

Fast pulpes from ﬁhe anode of the photomultiplier are shaped by
a constant fraction descriminator with an amplitude risetime compensatsen
and then fed t¢ 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 amplifiexr to optimize the
signal to noise ratio, shaped by a second constant fr#ction deserimi-
nator and then fed to the stop input of the time %o am?litude converter

through suitable 50 ST delay cables. One of the time to amplitude




— 1

oonverter outputas is fed to an Intertechnique 400 channel analyzer
for 4ime snalysis while the other output is fed to the first Input

af a triple coincidence circuit through z suitable single channe)

analyzzz ond delays

111) SLOW LINEAR CHANKELS
The linear ouiput 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-lirier: _Each of thege outputs - |
was amplified and then fed to a timing eing‘le channel analyzers. The
outputs of these eingle channel analygzers are fed after su:i_.ta'ble
“delays to the pecond and third inpuis of the %riple coincidence
elrouit whose output gates the multichampel analyzer for tining
analysle. ' .
| Pulses from the Ge(li) detector amplifier are fed Yo a biased
amplifier which permit the division of the gamma~ray specirum intb
peveral emergzy portions and expsnd each poriion to cover the vhole
memoxry of a E‘l _.?-LABEH muzltichannel snalyzer and thus permit eneray
‘_nialys:.s down to 0.2 kevjchézmel. Each gpectrum was thus recorded
in ‘;eriea of overlapping Eegnentcs Boﬂ:. the detector amplifier and

the biaged amplifier were equiped with a base line resiorer while

a pile up rejector was present in ihe blased a.mplii‘ier.-

Zs Syotem Invesiligziion

3.4) DETECTORS
g) Seintillation Detector i
The detepfor was found %o ha.ve en enexgy resolufion 12 % for the

661 keV line of 13705 source when uging & 50 mm diameter x 50 mm
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hight HaI(Tl) cryst=l while the fast anode pulses were found to
bave 4 mean risetime =2 3 pe and a mean width at half maxdmum 200
ns when using 50 mm &ia x 50 mm hight wNE102 plaptic scintillator

and a 13705 source .

b) Germanium Lithiun Deteotor :

i) Energy Resolntion .

Although tha.t. this detector is of the high reselution type, yet,
the best resojution oPfained largly depends on the choice of the best
working potential as s=ll as the degree of matching and the way of

coupling between the =lectronic equipementa processing ita signal.

- srtsizioutput. Sueh conditicaz are, specifie for each detector and thus a A Lo o
puicits Bystematic study of m dopendence of thedetector .resclution -en. STTILET AL
snute iv--these conditions was perfurmed. Regarding the dependence of 4ha. : REE RN

detector noise (prea.z[_ﬂifierl output) on th‘e applied bias, the nolse
level at different bias voltages was measured by a 100 Mega cvele
217455 o Teletronix oscillosceps model 465 after being amplified 40 times by fxorlponi
-cizoscesanw ORTEC low noise 47Z spectroscopy amplifler (Fige 2a). At bias = WL
voltages greater than &30 ¥olts, the noise level was laxgly zeduced
to J;féﬁ‘t 250«1-1::.1‘.?;5'&?011:3 ’a:rine; to the decreas.:jin the detector'capacity.
Upen Increasing the bizs, the detector noise remains nearly conatant
up to a blas voltage of the order of 3550 volis a} which the detectox
nolse began te increase agein due to the increase 1n the leakage
current through the detectors Therefore, we can conclude that the
best working potential of the deteotor is = 3400 volts at which,
es.222° T the- detecto; has a minimm capacity and negligable leakage current, . . ., oL
However, the effect of the detector hlas on the detector pulse
height output wa..s aleo measured using a 3765 source (zig. 2v) .

The pulse height ouiput was analyzed on the 512-LABEN muliichaunel
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- gnalyzer and was found to be nearly constamt (photo-peak -position)
over_ the range from -+ 2000 to 3500 volts above which the peak shape
began 4o be distoried.

The eﬁergy resolution of the spectrometer (the full width at half
maximum of thzl};;:k ) wag then measured using a 6000 source at
different shaping time constants of the detector main amplifier
(0.541,2,3 erd 6 us )s In this ifnvestigation, a 6000 source
was put at about 25 ecm distance from the detector and the integral
counting rate was of the order of 1000 ¢/f . From this investigation,
(fig. 3) a pinimum resolution of 2.3 keV for the 1332 ke¥ line in

6000 was obtained for shaplng time constant 2 3 « s Sinoc large

shaping time constants are not recommended for higher counting raies,

a 7 ko shaping time constant was consider;d to he the most suitable

for our detectors At this condition & photopeak to Compton ratio of

60 )

32/1 wzs also obltained for the same Co ©coutces

Concerning the way of coupling between the detector mezin emplifier
and the blased amplifier together with the effect of base line restor—
al.tion in both amplifiers, the best :s.ettings toket: the best resolution
could-only be don® by experimental empirical means since there are
many undefined variables for each particular system. For this reason,
the energy resolution of the spectrometer (et E'fﬁ 1352 keV) was
investigated at counting rates ranging from 4 3 x 10% ¢/s up te
©3ox 104 e/s at three differeni levels of the deseriminator used
for base line restoration of the main detector z=plifier (low, medium,
and high) and at three different input circuit selection modes of the
Plased amplifier (D. Co coupled, A. C. coupled with low or high base

- line restoration). Fig. 4 shows the dependence cf the spectrometer

energy Tesoljution for different settings. It is clear that as long

-
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as the counting rate is € 5 x 103 e/s , the base line restorer

- degeriminator set at a mediun levél and a D. Cu coupling between the
nein amplifier and the blased amplifier seems to be the most suitable
gettings. However, at couﬁting rates > 5 x 103 ¢/g , & high get=
ting of the base line des¢riminator restorer level of the main
amplifier and A. C, coupling with high level baase line restoration
of the blased amplifier are necessary to keep reasonable energy
resolution. Otherwise a drasiie deterioration of the spectrometexr
resolution is noticed.

In order to obiain the intrinsio resolution of the detegtor and
the contributions of the slectronic noise to the spectrometer resolu=
tion, the dependence of the spectrometer resolution on different
gamma ray energies ranglng from 150 to 2750 keV was studied.

In this inveatigaticn, we have used the well known gamma~ray . trano- .

13 152 162
L4

itions in . 24Na ’ Ba , ‘1 Eu , Ta and

2263& sources. Fig. 5 chows a plot of the linear variations of the
opectrometer resolution with the square »mgot of the gemma 1ay energy.
From this figure and using the least squarc fitting methéd, the
following eopirical formula was construoted %o express tha spectro-

mefer resojuidon as,i.function of gagma-Ti§"enersy ,
e g

E (ke¥) = (0.05 4 0.002Z YE + (0. 644 0.,05)

From this deduced formula the intrinsic resoltion of the deteotor
was found to be (0,05 4000 2){E , while the contribution of
the elcctronlo noise was (0ag + 0.05 ) keV o

Comparing cur experlmentzl value of the intrinsgic detector rasole
ution te the theorwstical value given by17) z.gsf 4] F‘Eq,, vhere & 1s
the energy needed to produce ore eleotron hole palr (2.8 e7)} and P

ip the Funo factor , the Fano factor of our detecltor was found to ba 0.16

.
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11) Detector Photopeak Efffciency

The deteotor efficlency of the spectrometer by the photoeleotrio
effeot varies yrapidly with the energy of ga.mma.-ra.ys: However, in .
most of the experiments in nuclear ppectroscomy, only the relative
intensities of different gamma %ransitions emitted by xadicactive
nuolei are needed. Theréi‘ore, only the relative rather then the
abeolute photopeak detectlon efficiency of the spectru-meter is all
that required.

S8ince tho shape of the photopealk efficiency cuxve of the detector M
wasa found to depend on the source to detector dista.nce's) and the
cr;unting rate |9)’ we ha.i-e lmeasu.red. the relative photopeak efficiency
of cur detector at differeni ganma-ray energies in the energy range
from [fo to 2400 keV. Using the well known gamma~ray trangition
intensitles in 13133_. ’ 152m Ta and 63;-3. cources at a source
to detector distance = 25 em a.nd at couniing 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
part of the gamma spectrum on the analyzer to obtain « O. 5 ke‘i"/cha.nnel.
The coipilfte spectrum of each gource was thus gbtained by taking a
geries of ;vcrla.ped. portions ( from 6 to B portions ) of the spectrum.
Each portion was analyzed using the 512 multlichannel analyzer a;xd
then normalized to each other to obtain the coamplete spectrum. The
relative photopeak efficlency curves obtained for different radiozctive
sources overlap each other at a certain range of ene.rgy and thus counld
be normalized to each other to obtain the relative photopezk ei‘i‘iciency
of the dotector as a funetion of gamma~ray enexmzy a5 shown In :['J.g. -)

Taking into oonalderations, the statlgtical errors and the errors

iuvolved (average of 4 complete measurements of each spectrum) inm
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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 effieciency

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 cbtain a time resclution of
the order of nanoseconds. However, thé most important eource 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 efficlency), this effect will
certainly deteriorate the time resolution of the system. However,
in the precent work the use of the cocnstant fraction pulze height
triggers largely compengate the effects of walk ard rige time varia-
ior « In this work, the time resolution of the system was measured
by performing delayed coincidences between the 1174 keV and the 1332
K6V gamma lines populating and depopwlating the 1332ke? level in 9OCo
source - The 13352 keV 1j.nle wag aelected.. in the scintillation detector
channel while the 1174 keV lime was selected in the Ge(li) detector

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

1o o

R Rl

1352 ke¥ 1ine was detectod by a 50 mm dlameter x 50 om hight HaI(T1)
orystal. In this case, the time resolution curve obtained was found

to have a full width at half peximum = 2.61 + g4 ns , a full width

et tenth of the maximum = 6.71 + g.1 ns while slopes of 1.03 + 0.06
and 0.64 4 0.086 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 gcintillator, thg prompt
resclution curve obteined (fig.7-b) was found to have & full width

et half maximum = 2,42 + 0. ne , 2 full width at tenth of the maximum
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= 6.1{+ 0.1 =me , while the slopes of 'I:l'h.a two exponemtiel deczym of

the prompt curve were found %o be 0.88 + 0.06 ond 0.70 + 0.06 na «

4o Tifetine of The 462 ke¥ Level tm 18174

1814

The helf-life of the 482 kel level in a2 has been measured by

soveral avwthors using soveral techniqueﬂ?-‘ouzdr)

« However, ho mezsuxe-
ments of the lifetime of such level using. Ge(li) dctectors have been
reported befores Therefore, we have found 4t usefull do measyre the
half-life of this level using our Ge{Li) detector~scintillation

devictor Lirming systen.

1} SOURCE PREPARATTION

The excited Tlevels of 12702 is obtained from the decay of '°VHf to
181'I'a. . The 181Hi gource wezs obie{ued by irradiesting = pample of matural
BEf oxide ir the RALR at Tnshacy for a period of 48 hours st & meatron
flux of the or&er of ‘IO12 n/cmaf(a « Since nabural hafmiw: conitains
o miztuze of 1T4He (0,163 ) , 1TOHr (S.21 %) , VTTEE (18.56 %) , '1CHE
(2701 59 98¢ (13.75 %) and 1%%Hr (35.22 %) , the obtained astivity
only contained , Toug ( T% =70 days ) , 180y ( 'I'%s 5.5 houra )
ena ¥lg { T«} = 42:5 days ). The source was used 20 days after ixradi-

etion md&‘__&m the mam pctiviiy wer:s due to 175Hf'ﬂ‘and 18151‘ EOUTCESe
i) HEASUREMENTS

Fige 8 ehows a pariiel deosy scheme of the 18Tys nuole’a.szs) in

which only the most intense trensitlons are indicated,

In order to measure ithe lifetine of the 482 ke¥ level in 181g, » weé

hzve measwpred the eingle gemma-rasy speotrum using both ' ge{Li) deteotor
end NaI(Tl) ecintillation detector. iecording to the partial level

sbheng of 181

Ta end the single gemma-ray specira obbalined, the life-
time of the 482 keV level in 181'1‘3. vas menasured In two waySe

Tiret, we perfoiined delayed coinoidences be'ween the 133 L6V
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gamma-ray transition puyul:ﬁﬁng this level in the st=rt channel
(seleoted with the help of FaI{T1) deteotor) and the 482 keV ganma—
Tay transition depopulating this level in the stop channel (selected
with the help of Ge(Ll) deteetor), The time spectrum thus obiained
18 given in figure-9 . s The walue obtained for the half-life of the
482 keV level in '®'pa fs 10.38 4 0.12 2 .+ Thia value was deduced
after the subtraction of the chanoe coineldences gbtained with a
prompt spectrum using 22Na source under the same experimental
conditions The data wers leazt-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 gamma
~Tay transitions depopulatirg this level in the stop che.r;nel I(selected
with the help of Ge(Lli) detzotor). The time distribution spectrum
obtalned is given in fig. {0 = The pronpt contribution observed in
this spectrum was due to the presence (i I}‘the stop channel) of part
of the 343+4 ke¥ transition depopulating the fast. 343.4 keV level in

€ 1T5HI‘ —_ 1T5Lu decay « In fact, this contribution coul.d be 3
reduced by choosing narrower window in the slow GCe(Li) detector
cha.tm,alén_r_fhis:isio]ﬁtion vas yot used since narrbiler 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 opectrum, the value
'deduced for the half-life of the 482 eV level in ‘Slta is 10.5040.13 nm.
This value was deduced by least-squares fitting after the gubtraction
of the chance coincidences obtained with the prompt spectrum of a 22ya
gource, under the same energy settinga.

From the results obtained from these two measurements, no significant

differences in the velues of the measured half-lives are noticed .
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Paking into consideration the statistical end systemaiic errors due
to time ealibration and eleotronic inetability of the epparatus,
a mean value for the half-life of the 482 keV level deduced from the

glopes of the time distributlion curves was found to be ,

T (482 keV level) = 10449 4 0.09 ns

5« Discussion

PreThe investigation done in this work have peimizted us to study in
details the characterestics and perrormanoé of tne deseribed systen.
Such study is very useful in order %o obtain the best operatlng
conditiong ag well as the maximum capabilities of the systeme. Tho
gysten deccribed here can be used to measure sccuratly gapnz~ray
energles with e resolut}on ranging from = 1 keV at gamma~ray energy

ef the.order of 100 keV to & resclution 2 2 keY at gemma-ray energy
of the order of 1 MeV. In addition the relative gamma irangiticnsz
could be also obbained in the energf range from & 60 +to '3 2400 keV.
Howevery below. = 200 keV the dete;tion efficiency decrcases rapidly
due to the absorption of gemma radiations in thé_dead layer of the
detector end in its packing materials. Concerning the time resolution
of the system, fhe_prompt resolutlon curves obflz;ed chowed that life-
times 1o the nano-second range ocould be easily mezsured by relatively
large volume Ge(Li) detectors. In addition, the value of the half~life

181

of the 482 keV lovel in Ta nucleus obtained in thig work 10.49:40.092

ng ig in excellent agreemeni with the most recent value (10.81+0.05)ﬁ5

Obtalned by Lowe et ale 249) in 1973 and with the values (10 56+Oo15),
and {ll.o+¢9.2) n§ .
\10.4030-2}, (#o2%035) ¢ reported by references 20523 ¢

recpectively. However, using the theoretical values of the intermal

conversion coefficients tabulated by Bliv and Band 25) znd the branche

ing ratioa of the different gemma-ray lines depopuiating thig level;
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the experimental partizl gema-~ray helf llves Té-exp for all transitions
F .

have been calculated using Hia formula ,

o . _ _l]-!%_ ohE (5.1 + & )

“Hexp -
Thesa values are compared with. the theoreitlcal single particla Veisskopf
astimates1s-)

given by ,

T (H1) = 2,24 .l::f 107 ng

T%. u (E2) = 9.37 '_{-_-4'/3 E_! ns and
Ty g (H2) = 1129 23 E:? na,

vhere E. i8 the gamma-ray trangition energy in MeV.

Ta chtain tho Veipskapf istimate a nualanr radius constant 2f 1.2 Im
and a s’catistiéel factor § =1 ware used16);

Table 1 shows the hindrorce factors daleulated welabive to tho
theoretical single-particle Velsskopf astimate of the partial half-livess
The retardation fastors for the 482 ke¥ and the 345 keV¥ 2 transitions
ere _simila:.'. It ig diffiecul% %o understand why the 482 keV M1 trannition

i8 more than ‘103 times nmoro retarded Lna.n ig the other 476 ke¥ M2

krangltione

Teble 1 -

Cre—md L T
A d
Hindrance fuétor for pomme-ray trangitiona of tha 482 keV level -

im 181’1'9. nuolegus
By 1 + :
transitlien Haltipalarity Ti;rrem Té v exp/ Té y
282 B2 12,80 26457
2 % M 1 13,25 6.62 x 104
476 pure M2 624,60 16.02
345 pure E2 T7-39 42:39

wh
" From our present worlkt.
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Figure Captions

1 Block diagram of the system.

a)

b)

s

The dependence of the detector noise (pre-amplifier output)
on the appliéd bias at different bias voltapges. -

The effect of the dtector bias on the difigctor pulse height

137

output using a Cs source.

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

Effect of input circui} selection (I.C.S.) mode in

(spect;osggpx_gmpgifief}and base line restoration discrimina-

tor level (B.L.R.D.)}in biased_zhplifief7on energy
/v *

resolution.

Linear variations of the spectrcmeter 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.

Prompt time resolution curve for the 1332 keV level of 6000.

a) detected by 50 mm dia x 50 mm hight Nal {Tl) scintillation
detecter in the start channel and Ge(Li) detector in the
. stop channel,
b) detected by 50 mm dia x 50 mm heighawﬂﬁﬁ}oz plastic
scintillation detector in the startyand a Ge(Li) detector
in the stop channel.

‘A-pertia) decay scheme of the '°'Hf niffleus (Ref. 26).

Delayed time distribution coincidence spectrum for the 482

181

keV level in Ta, (133 keV) gamma-ray Iine 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.
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