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AbstIaet

Tha charac terlstlcs, perfomanoea and eApabll±tles o± a system wلh ch

can measure energles1و rtenalties and l4£tires of gaa. at a1tlonsص ±n

radioacetive nuole1 us4صg a relatlrely lعa ge rolume 76٠1 eo Ge(L) eteotor ة

and a 4ast seLntillation dsteotor vas ه d4scaseed. %The ystEm was uaed to

..aeaجus e the hal£-l1£e af the 482 keY- lewvel ± elews إ181 ج% تد end was ±ound

·٠٠.٤ --to be 10049 nsa ج0009 Ahe obtalne4 'experlmctal trens1t1on probablllt1ea

o£ the difrerent gaتma tzana1tLons depopulating ths level were comparad

w1th the theoretiaal estLmates of the ngle م1 partiole Model٠
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1٠ Itroduetlon

Solt4llation deteeto=٥ are stذll the fasteEt nuclear ±adiation

deteotora su4table for tiهثng erperiments. Bovever, exoellent وطلا

eerGy ±esolution af Ge(L4) deteotote coppared vith sc41ntillation

ingه to sbady the t4ن oأ,ت )؟ ي= y exteaeتع ve eneouraEed mهط oteotoreة 

propert1es of ±elat1rely allم volume detectars ( 550 e ). Such

ertensire work conoeming the tiهing pzoperties o4 ±elatirely h4gh -

rolهu e Ge(L1) deteotore (> 50 oe) does not exst. L other vordA,ب 

the compar1eon of calculated tذ e dietrlbution w1th erperlmental t1me

relatively=هnو tiخق adا مذ. eeenج ire eomplete a٠± جe no(لإر12 جر- peeم 

&eteotor have better Aeteet1on ef4cieney anة (e Ge(L4{ي} هد 

t uaط they are Mo±e aui table far low activity MeasureRents and deteet

±on. of high enercy gammA-±ays٠

he a ofهت this work 4A to 1nrest1gate the chaتracteristlcsو perfor-

a cesه and capabilities of a system whlch can reasure enerGies, 1ntens-

1tie£ a حه 14fetدaes tranoitione £ه قهمع a t1veعi =adloم mcle1 wElng

-and e tast se1n(elatively larEe volume Ge(L1) detecto± ( 761 cة±٥ 

+121ition deteotor. This syste (togetنher wiفت a Gaتصagamma eo1ncide­
aoe-٠٠14 د syEteu deacribee be£ore' ') a و± pعد t 4 c pmoject 1n which the

5
deeay schemes eome عم ±adloaotiv٥ macle4 v±7± Be etuaed) Rovever,

 ,نوم٠
 ننع- فود

in t iط work و elso the و syatem was wsed to T=asure the half-llfe of the

482 keY level 5 .nuoleus ص1914 و The obtaine€ caperهL ental tramait±on

probab1lities o4 tbe &1fferent a هدع transiiions 4epopulating this

1evel verE compa±e w1th the theoretioel esEates of the single
16 -p1عد cle moae2 d,

2٠ Syetea Deseription

F±g. 1 Ekovs a block d1دgram o4 tho systu=.Tt consiE¥s of three

1nct parts « ه1ة2 ٠



1031) DEIaToAs

The Aolntillatlon detectors constmuoted for use th1s حذ work,  م..

a لtaB ه± a qح one4eta o£ a fast RP 1020 PH4l4ps photomult1pl±er tuba aه 

meahanieal aAsembly which pem1t the Aousing £ ه different orystدls

and the necessaTy electroncs The% م oonstructlon HaA made to allov

the abll4ty of using scint1llators whoae thicLesses may vary from

±ev t aboutم mع 60 Coneiderng هد ه the eleetron4o part, a su1tableلا 

woltage dirider netwozk w4th decoupling ondensers ه v±اh a eha1n

p./ k4lovolts and a focus eontroll vasهة rrent o± 1.5± o-2هuن 

oonst±ucted The fast negative output war taken d1rectly trom tbe

anode o4 the photomul tipl1er whlle the lineat posiiive output was

taken fro» the n1nth daode٠-For this purposeو a low noiEe preamplitIEr

having an tter ه1 follower tage ه has been also conetructed.

The Ge(Li) detector wsed was a c5axlal 0RTE detector type yrp''

having ±d1دneter f ه and ياعا5 مه a heieht 5£ 5085 em whle its

• actire rolune 1E 76.1 co The preampl1fier wsed was also an ORTE

12084 charge Behsitire preهa pl1fier mounted d1rectly on the deteoto٤

yostat so that the input field effeet transistor is kept at louن± 

 م.همب
taperaturo ±n oج Acr to pmrEde Good aحt b±lityand 1ov se د01 level.

 غمة رن

i1) FAST 1OCID CAnNELS

Fast pulses froM the anod of the photouult4pl4er are shaped by

a eonstant fraction dscrذمLصator with nة amplftue Aetime ج4 compenEatssn

plitudeن nd then fed to the start 1nput of a start-stop t4me to aة 

conrerterه Plsee fzo» the tذnLnG output of the Ge(L) detector pre-

a pl4fierم are ampl±riea by a E صi ا4ه ±ilter auplirier to optimize the

siهمg l to noise tati0 shaped و by a seeond constant fract1on descr±m1-

me to ampl1tude conYerterذ ator and then 4ed to the Atap 1nput of the tح 

throهu h sutable 50delay cables. oذ E of the tme to amplitude



 د د

10-

 ، ، د

oorerter outputA 4A £ed to a nterteohnlgueه 400 channel analyze±

£or tذme analyAia wh1le ±he other owtput iو fed to the 41rst 1nput

tr1ple coineidenoe ci±cuit througb e Euitable single channel٤ ء-

aمصتy25ح٤ nd delay٠

441) 5iO¥ LINEفR CEANNELs

The llneعa output 4rom the phovomultipl1er vwas taken from the

h &oae while that o4 the Ge(Li) deteotor was take fzam theمnا 

enercy oubput o£ the deteetor.preanplifier،.Each or these outputs

was a plif1edه ana then Ied to a tiهing ingle ه channel analyaer٠ 2The

outputs of theee slngle cbarnel anRlysers are fed after suitable

aclayE to the Beeona and thrd 1nputo of a ا trlpI coineidenca

c±±ouit whoEe output Gates ،the multichuسel aصalyzer or timint

aعalys18٠

uP Eesل 4ro» tho (±L) ه4 =etecto ة amplfier are 4ed to a b1ased

ampl14ier which perit the rlsion±ة of the Gaمهa-ray spectrm into

aoreral energy portions and expand each pzt4on to cover tbe whole

d hus pemit eaereyص eory of a 512-LABENI tultlchannel analyzer aم 

eeordeaج bbusه vaصrا eeو .hع to 0.2ker/channel. Bإ oة aisلعصر 

1n aerles of ovezlapp4ح g segente Both م the detector a pllflerه and

the blased a pliflerه wero egwped vith a b seت l4ne resiorer while

a pذle up reieeio± vas present 1n the b1ased ampli4ier.

Syetem Irvest1getion5 ه

5.4) MEIENOAs

e) Sc4ntlllat4on Deteetor 2

The deteoto± vas found to hare n ene>±z =esolut1on 12 %6 for th4بن ؟ 

661 HeV liae ٥٤ 137 souree wAen wsin a 50 diameter عد  ج50 عه
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hعخ ht NaI(Ml) crysلا while the tast ano&e. pulses were £oud to

have a mean risetذme nA يي5، and a mean widطt at halr mumدحع 200

ns when us4ng 50 a صه ئة ± 50 hight د 1E102 aatic م1 scint4llator
1 ٠and a '3lc eعsou و  و ه

h) Ceدaصlهu Liصuتطt Cteotor

Eere Resolattonلا( 

Although tطat this etectorة is o4 the high resolut1on typeو yet,

the best resoutLon oا ained largly depends on the cholce of the best

w o±kingي potential as ellه as the degree of matching and the way of

couplinE between the Lectronleك eguipements proeesslng 4ta s1gدal

owtpMt. Sueh conditio are,specifio £or eacb detectar ،and thus a±.ز€زء.± 

n. systeaticه- study of hedcradence of the:.deteetor ،reaolutLonء،بز3 :نت٦٢- 

ReEarding the،dependence o£ theه eRDmedج thesE cond4tLons was-.٦ ،خت، .ة:

detector noise (prearLfier output) on the applied bias, tbe nolse

1evel at different bذas voltagea was measured by 100 Mega Gyel6

a155 ،.4ektronix oscllloEcoRe Toaal 465 a terع be4n amplifleE 40 times by

c=٥ sco' an د ORTE 1ou noise 472 apect±oscopy ampli41er (F1g٠ 2a). At b1as

voltageA greater than 500 olte, the noiee level was largly reduced
 را عج دء عم-٣

to aboiit 25@mio±ovolts awlnt to the decrease 1n the detector capac1ty٠

Dpon 4ncreasiهn the bالعs the detector noise reains nearly conAtant

up to a b4ae 7oltage of the o±der of 3550 volts at whch the detecto±

n1م se began to 1ncrease ginة aue to the 1ncrease 1n the leakate

current thzoهu h the dctector, Therefore, we can conclude that the

best workinG potential ٥f the deteotor is = 3400 olta at which,

u ،capacity and negligable lealcage ،currentحتمخه٠ T the- detector bas aي.ه؟±-- 

Hovever, the effect of the &etector blas on the aetector pulse

heieht output was also aeasure4 we1ng eouree يe ع12 آ (£i6. 2b) •

The pulse he1eht output wes analyzed on the 512-LABEl multichaصnel

2 ،1٠٠٠٠٠ م

٣٠٠١٣٥--٠٩ ج ٥ -«ء٠٠٠٠ لا

 ،ا،ها»» ح،·3٣ ي د ج.2 ي

 م ،E قنا نذم ق- ،م صهر ة

 د ،-١١ وي
 ب»٨٠ بولا »،
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analyaer and waE ±ound to be nearly constarr (phato-peak pas4tlon)

٥ver the ranee 1rom o به200 to 5500 volts above which the peak hapeع

begةn to be dstorted  ه

The energy ±esolut1on o4 the spectropeter (the full v4dth at halt
photo 60

he/pek) waa then measured using a 'Go source atن o± tهuهلعقه 

d14£erent shap±ng tذ e constants of the detecto± nكaم amp141er

٤٥٠5,1,2,5 eeع o eou""ج ,In this 4nrestiGat4onمر)٠ ra  ه6

ae put at about 25 cm distance from the etector and the integral

counting rate was o4 the order or 1000 e/3 ٠ From this invest1gat1or  و

(f1g. 5) a resolution ممذمذه o4 2.5ke7 for the 1552 keY 1ine  مذ

S1noe larGesر٠ e contant 2 obtained ه5 for shaplng tiو wa60 وح  د

ha pngه tذ e constants are not recormended for higher countinE =ateE,

a 5 haping لايز ء time constant was coasldere to he the moEt uitable ه

for oحu detector٠ At th1s condition a photopeak to Coupton ratio o4

52/i - 6oas al6o obtained or the same Co E0urcE٠

Coneerning tbe way 0f coupling bEtweep the deteetor ainد amplif4er

an& the b1ased amplifier together w±th the efteet of base line restor-

ation both صذ ampl4f4ers, the best settings ttet the best resolut±on
 تد ، وبي=

coul&=nly be onE ي by erpeiimental epircal meaas sinee there are

For و this reasonamy undefined raziables for each part4cular systeI4د٠ 

the enerCy reeolwtion o4 tنhe spectroEeter (atE1552يم ker) was
٢• • c/s up to10ج mreetigatea at count1nG rates ±anGing from  ذ%5

e at three d14ferent lcvels of tEe descrialnator wsed/10به5 ج 

for base lLne .resto±etion o4 the main detector apli.£±er (low, aeaium,

and hieh) and at three different input clrcuit election ؟ mode £o و the

b1ased amplifier (M٠ 0 ,coupled ه A٠ 0. coupled with lov or h4gh base

line ٠(estozation ج Fig. 4 shovs the depeadenee c£ the spectromete±

enercy reolut1on foج d4fferent settings٠ It is clear that as 1ong
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as tbe counting ±ate is < 5> o4 e/و , thebae 2ino ±eatorer

descriminator set at a u levelهedi ص and a D0 0 coupling ه between the

tableخ plifier and the blaeeamplifler seems to be the mostsuهaحتمه 

sett±nGs٠ HOwerer, at counting rates > 5 o2 ٥ و/ و e hiEh set

ting a£ the bae 1ne dEscrimlnator resto±er level of the ainح

a pl±4ierص and A. 0 coupling ه w±th hiah lerel base lire restoration

of the blased anplifler are necessa±y to keep reasonable energy

resolutlon. Othervise a drastic deterloIatlon of the spectrometer

-±esolut1an ia not1ced.

En order to obteln the intrin91o resolutlon of the deteoto± and

the aontibutions of the oleetronc noiqe to the Epectrometez resolu-

tion tHe و dependence of the spectrometer resolutloa on dfferent

G aصهة ray energies ranc1ng from 150 to 2750 kEV wa stua1ed.

In this inreat1gatlom, we have used the wrell kmowm g=rma-ray. bran¢

±tions 1n , ة6« ,ء 13 ي
١• a162,15 م, ه%,

226Ra sources. F4g.5 shows a plot o4 the l1near ra1ع ations of the

apectropeter resolutlon with the 9guare =oot Df the Gaدma 1ay 'ene±E٠

IroE th1s flgure and usinE the least suaro fitting methbd, the

±ollowing erplrleal foaula was <onatruoted to expresA tha Apectro-

,a-ra3 enerEyمت on as a4net1on o4 gaا resghعدetج 

٤ (±e7) = (0٠05 0.oo2 )E+ (0. 64± 0.05)»

From thia deduced fomula the 1ntrinsic resoltloa o4 the deteotor

was founA to be (0٠05 0000 2)[T , wh4le the contribution o£
 د

the eleetronlo aoise was (0٠6 0.05) keY ، ه

Compar1ng oعu emperlentel ralue o£ the intrinsic detector resol

wtذ on t ٥ هفة aheorettoa eAren عاته» , ة17) و.ج روود} aaذ e±  ه ه4 د

the enercy needed to produce one eleatron hole par (208 ey) and M

ound و016 to b؟ the Rano 4actor of our detector wasم the Rano faotor1 م

 4م
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14) 1etector Photopeak Efffeieney

%he deteotor affloleoy o4 the spectroTeter by the photoeleotrlo

etfeot wحa ies 2apldly with the energy o4 gamma-±aysم Hovever, 1n

most o4 tbe rperimentsه 1n nuclear BpectrosOopyو only the ±elat1ye

1nteEltles o£ terent علة aههa transitions eitted by ad4oaot4fre ج

»aolei are .eeded د Iherefo±e, only the ±elatire atherج than the

absolute photopeakr deteet±on efflclency 04 the spectrometer 16 a lل

that eguIred ج

Sذnee bhe hapeع of the photopeak efficiency urve of the detector

as found to deped on the souree to detecto=r asا aلا""ج awa uوض 
١9 .eoun±1ng ate ج ' we و have measured the relatire photopeak efIlcienGy

o± owr detector at &4fferent gمصa a-ray energes in the enerEy ranGe

fmm hRo to 2400 keY. Da±ng the vell know gamسma-ray traneition
٠ 1 1 8neaE4t4 u eeaتeo ده حت واة', و%3",1 و° له <ة6 رم at a ouree

t ±٥eteeto ة stanee لة = 25 em and at eount4ng =ate = 1000 c/sص أمL th1s

1nrestiGatio»و the GذmA o1 both the detector in قد amplifier ana the

b1ased amplif±er vere adjusted n such a way t beم able to erpand

pدrt o4 the gعهa a Bpectrm « ه the analyzer to obtain eV/ehannel± يد0.5  ه

he eomplete pectru o4 each source was thus cbta1ned by taking aلا 
 شسصت مء... غ

serleA o4 orerlapedportions ( 4±oa 6 to 8 porTions) o4 the spectrumه 

Bcb port4on Has analyzed wE1ng the 512 uult1eannel analycer a dج

then nomAl1zea to eath other to obtain the cهسglate spectru. The

±elative photopeak fficlency ه curres obtained for d1£Terent ±adloaet1re

sources oTerlap each other at a certain range of eneIcy and thus could

be alized دمد to eaeh other to obtaلn the ±elatire photopeak effic4ency

o4 the dctector as a 4unction o4 gaهصaray enexy aa shou Ln[4ig ( م6 ه

the stat1Et1cal ertrs ana the errorsو aking into oonsiderations؟ 

1rrrolred (areraga o4 4 conplete measureentE o4 each speotru) 1n
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the ±ntensltleA of the amaa-ray ع trتa sitions used in this 1nvestigation,

tنha erozs in deterinmg the Talues oR tbe relative photopeak eIfcienGy

o± tنhe detector was found to be of the order o4 4-5  ؟6 ه

ESOLUTIOد mE3٠2 د

When Ge(Li) detectorA e عة appl±ed for l±fetime Ieasurerents by tha

delayed cainridence techlgwes oMe و obtain تد& a t1me ±esolutlon  ه4

the order of nanoseconds. However, the most 1mportant source of tlme

apread 1s tha dependence o£ the detector pulae rlse tLme on the place

of the interactlon o± gama>raya inside the detector، Ror relat4rely

high rolume deteetors (good detectlon ettlc±ency) th1s و effect w1ll

certainly deteriorate the tlne ±esolwtio> of the syEtem owe7er,

in the preEent wok the use of' the constant 1zraction pulRe heiGht

trfGers lazgely conpensate the effects o4 walL and rise tذ me TarLz-

ion In ه this work, the tهذ e Tesolution of the system was Aeasured

by perfommlng delayed coincdences between the 1174 keY and the 1332
60ke7 g aعد lines Mopulatlng and depoplating tha 132ke 1erel 1n Co

sowrce The ه 1552 keV line was selected in the scintillation detector

channel while the 1174 keY liae waa selected in the Ce(L) detector

channel. IiG.7a_shgvs tنhe.pTompt resoltlon.purve obtaincd when the
 _مدط تم=.٠ "عم٧،٣-٠

- غمه- "ي
1552 keV 11ne wae detectad by a 50 d1ameter هد h1cht ع50 ه NaI(%T)

0±ystal. I this case heنt و tiue ±esolution cuIve obta1ned was found

to have a 1wll wiath at half . ها=a±0±2.61 ا n ٥a و £ull wldth

at tentنh of the mذتa u = 6.71 + ٥.1 nE wh±le slopes 0٤ 1.05 40.06

and 0.64 0006 ns for the tvro exponent1al &ecays o£ the prompt

cure were obtained. When the 1532key line was detected by a 50  صد

d1مa eter x50 hight حم NE 102 plastic ,cintillator ة the prompt

-resolution cuتrve obteined (£ig٠7-b) was found to have a £ull vidth

at half wauu = 2042 ± 0.1 nA a و fwll width at tanth or the Iaxiaum
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ha slopes a£ thE wo emponetel decayA ofن while t6.1±}60.1# و=

the prompt curye were found t٥ be 0.88 + 0a06 and 0٠70 + na ه006  ه

eY عذ101 ,يو Leve1ع et4ae o£ he 482 L٦44٠ ع

mhe helf-L4re of the 482 ¥eT 1evel m س181 been ج كمم measured by

sq3eral authors wsng EGreral teehniن g«0=4) ,Rowever ج ao measure

meats of thelifeLme of such level wsing Ge(1ث ) dctectars hawe been

±epartea before ,herefore ة we hare 1ound 1t usefull to reasyre the

half-li£e of ths lerel w01ng our Ge(Li) detectorscintillation

de::.ctoz {in1ng syste٠

4) S0UROI PRعPIRREIC
٠Tie- و٠٠'i8 اا ex4te& 1eve11""م ع m obtained ج و troد the decay or  ع#ا ا٥"

84 . . zalت tهة pie o4ع eeuce wes obtedIed by 1rraAieting a Eaع m 181g,7ا ح٥

B£ oع da i theه PAIR at Iashass for a perlod c4 48 hours t ج a neuitron

4lwx of the orde or /'en/ م4 ر Since و ه natural ha4نفاخا ! cortaذns

 ه عاماه ه174u٤ ع(٥٠163)%,17T6 عر(5.21)%,177 عم(8.56)%,178 عر

yج iritا eA aoدث bta75.22), هن ه %6)a 160A173 ع(13.75)% حة٤E,(827٠1 ؟)

ea ع( =ج؟7 دلامة,)160Mu٤( =,؟ou5.5 )دج , 175xق ntaو هه n1ه 
ter -ذق 4rraع wa= usea 20 daye aه h soure%٠(aay542 ه=)عرا°" ;؟ aن 

. ٠ 81et4on and, the منا wers اtiri منح مم aue 172yمeءع a " sourceE٠ 'عم
w " ص ة  عب· تضم في.

4SUREIuISن Im(4ذ. 
- 8 26 .Fi8هج ahows a partlal eoay ة scheae £ ه the "" 'aoles عزا د '  5د

loh و onl.y the most intense tranE±tions are indicated؟ 

· 181In orde to measza the li4etino o£ the 462 i eVع lerel nذ 2a e و

havo meaeured the einla Gaدتسن a--ray apeotru waing boاh Ge(Li) &eteoto±

and NaI() Eointillat1op detector. Accordinه to uhe partiتد lev  eت
18 ,eEkea a£ "a emd the s1ngle GanmA-±ay specا ra obta4ned, +he liع e-

t eهذ8 of the 482 1eY 2sval 1 was م ا"ا" us redنea د 4n tw0 1e€ه 

f±=rEt1و e perf.oد Irad aelayad colnotdenceA beTeer tl 15 LoY
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garua-Iay transitlon populاla fng this level 1n the eا rL channel

(seleoted w1th the help of IaI(ml) aeteetor) and the 482 keV gama-

±ay transit1on epopulating ة tb1A 2evel in the stop chahnel (selected

w1th the help of Ge(L1) ,(etctorة THe tهذ e spectrm thus obteined

Give in fiGure»9 0"The wlue obtained for the half-lIre o4 the1 و
, 181 ٠482 keV level in 'Ta 1s 1.38 0٠12 as 0 "hia value was dedueed

after the subtraction of t chanoeط coinc1dences obtaiaed w±th a
. 2promp apec ا us1ng اuzف "Nء source under the same expeilmental

cond1tion٠ TThe data vere leaat-sguAres titted •

Secondly we و bave perroraR delayed coincidences Between the 135

iceT gamra-±ay transition popalating this 1evel 1n the start channel

(seleeted itA tنhe help 0٤ 2aI(£Tl) aeteetoz) and the 545 ±eV gamma

<±a tranaitions dep5pتu Atiنg tE1s lerEl in the svop chaNnel (sElected

with the help £ Ge(Li) ٠(Eiactoz ة The tهذ e 41stribut1on spectru

obtalned is iren ج in 1ig٠13 he ه ؟ pronapt contributlon obeered 1n

th4s spectru was due to the presenca (inthe stp channel) ot part

of the 545٠4 kel transition ngذepopulab ة tنhe fast. 545.4 leY level ±n
15. ٦1the pr«أ' decay رررثأ" .In fac , ا th±s oontrlbution coتu d Be

:educed by choosinG narrOwer wLndow in. the sloر Ce[L1) detector

channEl his م ؟ gol3tion waE mot used Bince narr6Wer windov will causo.ه غنئ. ثمر-. 

the eleminetion of part of the ma-raysمa ج epopulating ة the 482 leY

1evel under 1nvestigation and a 2eduction in the delayed coincidence

counting ate ج w1ll be obtained. From the obtaimed apectrum, the walue

٤e 10.60+013 nsم181 جء٠ eaueea £or the hal£-lire or" the 482 keY leve1"ة 
 ن

Thiو valwe was &educed by least-sgwares fitting after the subtractlon

ot the chance coiacfdencee obtaned with the prompt spectrm o£  ورو؟ة

source under و the same enerey settfngs.

From the Tesulte abta1ned £ro these two measurements, no signltlcant

ai±ferences ±n the welues of the measured halr-l1ves are notlced  ه
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1l2،

Tak1ng into cons1derat1on the statistical and systemeti¢ errore due

to time ealibration an eleotronic inBtability of the ePparabus,

a mean valwe for the hتa f-l1fe of tbe 482 Ley level deduced froa the

slopes of whe time distribut1on curves was found to be  و

keY 1evel) = 10049 + 0.09 ns482)ي 

5. Disouss4on

n nد thls work here pem1ated us to abwdyد eThe ivestigation done؟ 

details the characterestics and perfomanoe of tne deeeribed syste>.

Suهb study is rery use±ul in oraer to obtain the best operatinG

conditiond as well As the capabilities هعuحa د of the oystenم Tho

syster deEcribed here can be used to measure Eccuratly gamتla-Iay

energles. w1th e resolutio» zanging fro» keY ج1 at Gسma a-ray enerEy

٥f the orde± f 100 teY to a resolution LeY يم2 at gتa a-±ay enerC

of tbe order of 1 NeY. In addition the relative gصa a transitions

could be Also obtained in the enerEy range ±rom E60 to :± 2400 ke7.

Bowere±و below.200ج LoY e طنا detegtion efficieney deereases ±apidly

aue to the absorption 04 ama ±adietione iص thedead layer of the

detector and :n its pacllnG .aterielsح 0oncerning the time resolution
 ,ماه 'عج ب٠5 بحير

of the systEr, Bhiepiompt reEolution cuRves' obte.4ned howedع that life-

tمذ e1و n the nano-second range oould be eAsily measured by relatirely

larce volume Ge(Li) detectors. Ln addition, the value o4' the hai4-l4fe

٥4 the 482 ler 1evel ٤a "° ncleus ج،ا obta4ne in this wor 10.49H0.09

a٥ isin exeellent agreement with tbe most reeeat 7elue (100810.05)ns

(,s anA ة10.560015) w1th the raw1975مو (btained by Loxe e: a1ه 
and (١٠٥±٥.2) n5

(#t.٥2±0.35) eyorted± م by ±eferences 20=23

reDpectirely ,HoweYer ه using the theoretical walues of the intemnal
conversion. د5) eoefficients tabulated by 8liv and Ban? and the branch-

:ng ±atioa o£ the d4fferent gaنصa-ray lines depopuiating this lerel,

{1004030.2)
 د لا



- 1l3

or all trane1.tloas£و؟, 
2anP

tha exparذmental partiel Gaaaa-ray helf 11res

harve been ealculated ws1n ba fomulA  و

O لإ",(1 )ه+  ونود«صد،، مم

±
٢exp2ي

Thes ralues ere compared wiثh. the tbeoreblcal single particle Weisskopf
6 ,re byو ع""/ st1aateه 

 ق-نnA م
 و" ير)#(=20a {و»

andn5.3٦.٩ -و4/ قزم=(m)و% م 

ns.5٤ ي" ر،(2)=1٩٠ و ذ/% ج
where B, 4A tho a e-±ayص& tranEition enerGy nذ eYه 

To cbtaثn tho W!eiseropf asي bimate a nualsar radiws constant 5 1٠2 £n
nd و""6 a Etattsticel 4actor s=1 ware wueaة 

hoن e fctors caleulated relabive t5 tعت how 'the hindraة abl.  ؟1

theoret±eal Eingle-particlE TIetss!opf esimate f 'the parا ial hal4-lives

The retaraat1oa fasozs faz tHe 482 keY And tنhe 545 keV E2 trans1tions

ere sذمilعa . It 1.e d1££lcult to understand why the 482 We7 M1 trarai.tion

5 are han 03 times romretarded tnan ia the otber 476 keV I2

trana1tioد ?

tha 482 leeY 1level •

Tdhle- ي جم 1
 ««ي».«

 ،مب.·· غى ؟
Hمaعaه e faم to± fo± ±a±-عحدع transitiona o4

olosجة1814 و د 
 «ج«بدا««د«يا»ودولا«ر«ود،«سب«،ي

"4ra/ ; ؟  ح+،
3,٩ns

2alt4palنجa i4y
B,

trans1 t1o
(Kar)

 «د«دسي»د،د،ايهدس««، دسي«،ود«

36057
6.62 ج٦٥"

16.02

42099

12.80
15٠25

624.60

77.59

٥ 2
2 $ M 1

482

pure FI2

pure E2

476

545
 «ا«ي«بدبر«ادد««ري«سر«بببببب««،ن

+ Foد our present work  ه
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Figure Captions
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Fig٠ 1 : B1ock diagram of the system.

Fig. 2 a) The &ependence of the detector noise (pre-amplifier output)
on the applied bias at different bias v0ltages.

b) The effect of the dtector bias on the drector pulse height
output using a .source وح137

Gamma-ray energy resolution of the Ge {Li) spectrometerFig. 3

Fig٠ 4

Fig..5

Fig. 6

Fig. 7

Fig٠ 8

Fig٠ 9

Fig٠10

as a function of amplifier shaping time constant

E£fect of input circuit selection (I.C.S.] Mode in
(speeEgوEو,yو,pIEe,سا a Base 1ine restoration aiscrin -na ذ

=- ،د aيو٥0 :عه#e ًت::.::: فوقييها{ا.ةااق} 
Linear variations of the spectrometer energy resolution
1ith the squqre roDt of the gamma-ray energy٠

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

- ٠ 60Prompt time resolution curve for the 1332 keV 1evel o£ 'Co,

a) detected by 50 mm dia x 50 mm hiRht NaI (T1) scintillation
detector in the start channel and Ge(Li) detector in the
stop channel,

p1astic02إ)م% ي detected by 50 mm dia x 50 m heiEhه( 
scintillation detector in the starTand a Ge(Li) detectoi
in the stop channel.

.ApartiayAsCay scheme o٤ th AEleus بر181٢ (Re4. 26).
• ,ثقف تزاو.

Delayed time distribution coiNcidence spectrum for the 482
kev 1eve1 3, (keW ,ا(18133 gana-ray 1ine in the 5tart
channel and (482 keV) gamma-ray 1ine in the st0p channel.

Delayed time distribution coincidence spectrum for the 482
keV 5, ٦ ج(181133 keV) gamma-ray Line in the start channe1
and (345 keV) gamma-ray line in the stop،channel .
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