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mna hall-lives of the B1 keV, 160.6 keV 384 ke7 and 437 ey
levelz in V3305 have 'E:ae.n measnred-using the dslayed coilncidzpoe tech=-
nijues end Pb=loaded piastin seintillators. Analysis of the datad gave

the following helf-life values ;
Ty { 81 ke¥ level }) = 6.15 +0.08 18
T, ( 16046 ke¥ level ) & 0.193 ns
Ty ( 304 ondfor 437 keV level ) < 0.36 n3

4n axplanation for the descripencles between the different xesults
glven by different suthors is glver. rFrom the cbtained results the
experimental partial transition probabilitles are ealenlated and compared

with t¥a single particle Welsskepf eatimations.
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The Iapidly increasing use of fagt scintillation-detoctors has been
greatly facilitzted by the develonment of cuitable fast lumiﬁescent
raterials. An impﬁrtant group anong them are plastie sointillators
{organic gcintillators) either pure or in wvariocus .combinatlons of solid
solutions. These scintillators have ihe advantage of showing shorti decdy
time T , while have the dipzdwantages of showing low total dstection
effieiency, 2erd photopesl detection efficlenocy and/or pooT energy
regplution as eompared with the best inorganie seintillators ench as
Hal(Tl) crystals.

Only few trigla1-3) have been performed by various authors tc combine
the test properties of both organie (plastis) and inorganic (waz(Tl}
éryatal) acintillators. However, these trials did not offer any clear and
easy mears of measurements and thus no practlcal applisastiors of such
trials have been .reported.

Regarding our previous studies4) on the properties of pure Faton 136
and Eo?ePb-loaded pilastie seintillators as well as NaI(Tl) eryetal}y it
hes been proved ithat am far ab one is interested in performing 2 fast
tininﬁ experinental analysisz of low energy gamma—ray transitions with
ghort decey time, high efficlicmey, high light output es well as relatively
- good enersy resolution,the 2 9 Pb-icaded plastic seintillator im better
than all othsr mentfoned selntillators,

The decay of 1333a to 133Ga has recently attraoted a certain amouni of
5-8)

interests Tha decay of 133Ba has been studled by mAry authora and the

iqtel scheme nay De congsidered as well established. Althoush'that the
_ﬁeoay schens is.réiatively silmple, pomae digex¢panoles remain concerning
‘1ifetime mgagurements of levels and, therefore ebaolute transition proba=
Hilitie§.7T§iauié mainly due to the fact that most of the levels are
',POPﬁlatEﬂ and depopulated by ga?ma Eaﬁnsi?ions.having ﬁdjacent.eﬂergies
ién&ffhug diffioult to be BeperaxgéﬁﬁqZ£ge';oor energy resolution of fast
;cintillato:s. The half-lives of zeveral levels in 13303 have been measure
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by peveral authoraa_m)- Some of their results agree while the othars dis-
agree.

In the present work, the improved properties of the 2 &) Tb-lozded plastie
scintiliators are used to measure the half-lives of tae 81 , 150.6 , 384
andfor 437 kev levels in 13305, The obtained experimental recults aTe

eafipered with the thenretieal single particle estimatips.

2. Experimental Arrangements
2+1. SOURCES

The 137Ba saurces, uged in the present investigatlon, wvere ohtained
from the radiechemical centre in Uppsala. These ware made by evoporating
oommezcizlly available activity onto 600 /Jg/mnz nigksl foilse

-
sy

242+ APPARATTS

The exporimental set-up uged in the half-1ife measurezents consists of
an ORTEC medel 437A fasi time-to=-pulse height converter and the enerZy
gelection channelse The gamma rays were detected by two scintiilation
detactoras Ezob detsctor consisted of 2 2 % Pb~lecaded pleatie gclntillator
(25nm dfa x 10 mm hight) coupled to an XP 2020 photomultiplier tubes The
gystem is essentlally o faot-slow ooincidence system based on constant
trastion timing speotrametry. The data wero recorded on an Intertechnique
400 gnannsl eralysers The oystem was calibrated with known lengthe- of
well oalibrated cables.

The system time resoluilon at low energ'y \ié.a determined with one of
the two 2 % Pb-loaded plastio geintillators selected at 356 keV with
e windew width of ~ 50 keV on the stop channel and the other 2 % Pb=
loaded plestio scintillator saleoted at 30 keV K X-ray with a window
wildth of ~ 25 ke¥ on the gtart chennel using e 22}]:; eource and was found

%o have a slopes = 0.36 ns and Fwili = 1.10 ns «
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3'.‘ Measurements and Bepulta 7

P1g. 1 ehows & eimplified Tevel scheme®) of 1335 [ mhe Samma-Tay
speotTunm of : 133(}5" mnoleus detested by 2 % Po-loaded plastle moint=

i1iator coupled to an XP 2020 photomultiplier tube ig shown in fig. 2 »

5.' 4. The 81 ke¥ Level

,&ccord.ing to the decay schemo of 3303 nuol gus fig. 1, the.
Lo " gamma~rays populating the 61 key level are the 356 s the

30y aﬁﬁ the 79.6 keV transitions . It oan also be Eeen { fig. 2 ) that

*.owing t¢ the impmoved proverties of the 2 % Pb 1oaded plastis setnti=

“liators , the gampa line of the 81 koV 1s sepera.teﬁ in the gamma~raf

. spectrum of the 13Jca nusleus deteoted by 2 % Pb-loaded plastic scin-

" t1llator detector: Thus one has to measure delayed ocoincidenses between

the high emergy part (above 250 keV) of the gomma-ray speotrum of 13303

{ figs 2 ) including the 302 keV end the 355 keV transitions populating
this level selected ir the start charmel and the 81 keV ga.mma—m.y. tran-
gition depopulating this leval sglceted in the stop chsnnel. A cerialn
admixturs of zlmost prompt colncidences from other levels was reglstered.
The aela&ea coincidence curve obteined with this adjustment had to be
corpared with a prompt ceincidence ourve, as skown in fig. 3 . This

curve wag neasured with the aid of -22_Na. source with the same .chan;-el
aniju.sfments. A least equares fit of an exponential function to the experi-

‘mentzl data wes made by means of a computer programma « Taking ints

" coneideration the statistical and gystematic errows due to time calib-

ratlon and électroriic instability of the apparatus, the half-life of the

81 ke¥ level was dekormined to be ,

T, { 81 kev level ) = T4 G.08  ng
.é -
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3+ 2. The 160.5 eV Level

It in clear from the level scheme of 13305 { figs 1 ) that this level
is - populated by the 223 keV and ths 276 ke¥ transitions znd is
depopulated by the 79.6 ke¥ and the 160.6 keV transitions. Since both
'bhel223 and 16046 keV transitions are weak » the mest probable coinei-
dence combination is hence between fhe 276 ke7 transition populating
thic level adjusied in the start ﬁ:hannel and the 79.6 keV transiilon
depopulating thip level adjusted in the stop channel. It seecnms als_o
natural to measure the lifetime of the 160.6 keV level using the centroi
shift method « Ther=sfore, one of the +timing single chennel analysers was
set to accept the 80 keV gamma-ray energy { wlth window of about 60-190
keo¥) the other timing single channel analyser was set to. accept the 276
keT high ganma~ray energies from 250 keV to 300 !:.cev. The time s_pectm_
sbtoined with this adjustment , had to be compared with & prompt ting
coincidence spectrums Thie.a.prompt caincidence spectrum _wa.s'me.'la.mz.red with
tha nld of a 6000 source with the seme channel adjusiments. ;‘he_can_tia_i
shift hetween the delayed time coineidence ape¢irun ﬁf 133_05 and t_he} .
prompt tire cclncidence specirum of 6000_ should be corrected for .thc_
centributions of the other admized coincidences. |

it im clear that the time distribution cur¥e obimined is compooed
mainly from four contributions & = = - .

1) ¥ ( 2 250 kev) - ¥ { 81 ke¥- ) coincidences belonging to & delsy time

e e

-
— —

equale to + T81 T

11) Y { 276 koF ) = Y { 79.6 keV ) coincidences belonging to a delay

time equale to + T160.6 .

1ii) ¥Y{ 276 ke¥ ) = Y ( K X-ray ) coinoidences belonging to & delay
time equals to = T437 . | _
iv) T( 302 kev } = ¥ ( 53.4 ke¥ )= ¥ X-ray colncidences belonging

t0 a delay time eguals to - { TjEM. + T437 ) '..
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The first contribution was found to be of the order of 5-7 i, with
& long lived decay time ( T3 of the 81 keV level ~ 6.15 ns }. This was
sioply substracted from the time distribution curve . Each of the oiher
contribtutions was caleculeted from the partial relative intensitiez of
the contributing iranaitlons listed in the nuwlear table of isotopESG}.

Having zpplied these corrections a value for the haif-life of the

16046 keV level in 13305 was found to be ’

Tieog = = 20953 Ty i + 1238 1:437 + 0.715 7334

is the observed mean lifetims. The velue of ‘T wWis

total

where Jz;otal
obtained alfter analyzing about 40000 eoincidences la a larmge nuzbor

of repgatid short measurements and taking into consideration the st;t—
isticgl and ingtrumental errore due to time calibration and electronic
inatahility of the apparatus, the gverage valug for the_centroidﬁ_shift
(mean lifetime) between the 276 keV gamua-rays and the 80 keV gamna-rays

- .in 13305 end the proopt 6000 curves was found to bo ,

T

total
If we keke into oongideration the valuea of the hell-lives

= 29+ 11,5 pe

I% (384 ke¥ leval) = 40 + 20 pa & 50 pg reported by Vilivaara et
'31'15) & Alkasov et a1.19) » respeotively , and T, (437 ke¥ level}g 150 ps
roported by Vilivaara et a1.13) & Vartazatian et al.16), our final resuli

for the half-1ife time of the 160.6 keV lgvel was found to be ,

-

T% {(160.6 keV level) < 193 pe

Is 3a Thé 384 KoV and 437 EKe¥ Levels

Age can be seen from the level scheme of 13305 presented in fig. 1,
the 384 keV level iz directly populated by 22 ) electron capiure and
depopulated by the 223 , 303 and 364 keV trangitions of »elotive Iinten-

sities 1 %, 65. 9% end 34 ¢ respectivsly , while the 437 keV level
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18 directly populated by T8 % electron capture and depopulated by the 53 ,
276 and the 356 ke¥V transitions of relative intensitles 0.1 % , . 9 %
ond 91 ¥ , respectively o Since the 53 keV and 223 keV transitlons is very
weak and elther the 356 keV and the 364 keV transitiong and/er the 276 keV

and the 303 ke¥ trensitions depopulating these two levels cammot be resclved
in the gaoma spectrum, therefore, the most probazble way is to meapure deleyed
colnaidences betueen the KX-ray adjusted in one chznnel and the high energy
{above 300 ke¥) gamma spectrum of 53¢ (fig. 4) inoluding the 356 keV and
the 364 ke¥ transitions sdjusted ir the other channel « The delayed coincid.e#ce
speotrum obtained with this adjus‘mént, bad to be compared with e prompt coin-
cidenlce spectrum, This spectrum was meagured using 22y source with the same
channel adjustmente. Fince the.cbserv'ed tioe Bpeotru.ﬁ for tha dalayed oolin-
eid=nee has a slope which 13 equel to the lnstrunentai slope of the prompt
tine resolution curve, Tecorded with the same energy settings, an upper limit

for the half-1ife of either the 384 keV or the 437 ke¥ levels wag obtained :

31 { 384 keV or 437 keV lavel ) & 0,36 ns

4+ Results end Dlscussion

The cbtained value for the belf-1ife of the 8% keV level (T% = 6e15 # 0.08 ns)
is in 5:_\11:\ agreenent with all previons measurements s Conceming the helf-
Life of the 160.6 kel lavel, it is olear . that the value obtained
by ref. 15Yis nearly double » the values Teported by refs. io,
J¥ end 34 , This disagresment could be explained by the faet that in the
regalts glven by refs. 10 and 11 , the effect of admirzed ooineidences were not
teken into conoplderziion . These admixed colnoidensces will affeot the centrold
of the measured time dletribution curve and will deorease the value obtained

for the half-life of the 160.86 ke¥ level by a factor depending on the seleoted
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windows for each experimental conditions . The effect of these admixed coine
amcl (L4

cidences on the results reported by ref. 13\(3 highly attenuated since the

degired transitions are selected by a double lens ﬁ-spactromater befors

neagsuring thelr timas distributlion.

Coneerning the results obtained in the present work, unfortunately, the
corrected value for the half-life of the 160.5 keV level will depend on the
valuas of the half-lives of the 384 and 437 keV levels . If we take into
conslderatlons, the values given by refs. 13 , 15 , and 16 for these two

levels, only a limit for the half-life of the 160.6 keV level gould he

a
reched (73 € 04193 ns ). Thie limlt 13 in agreement
with all previous valueg10-14), .

An ioportant concluailon could ba
deduccd from thls rezult . This eonclusion ia thet, if the walue ( Ty =
0.190 4 0.015 na ) given by zef, 13 for the half-life of the 160.6 ke¥ level
is eonfirned by other measurcments , our resulis will give e value of Tﬁ =
0.150 no instead of »T{ §; 0.1%0 ng for the half-life of the 437 keV
level

Froo the experiperial point of view, direct measurcmenis of the half-life
of the 437 ke¥ level is rather difficult. This is meinly due to the fact
tbat this level is populated and depopulated by gamma transitionc whose
energies_diffcr siightly from other gamma transitions populating and de-
populating the 384 keV level « Thie small energy difference ls much smaller
than the poseible energy resolution of known fast seintfllation detectors.
Thereforey ths irisl donme in the present work te measurs the half-life of

the 237 k¥ Zevel will lead only to a limit value. This limit value should

Far

e only corzidared az 2o indigation fax tae capabdility of Ph-loaded plastic

seintillctorz to measurs helfi-lives of low cnergy samns transitinons. T4 1o
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rozthenile to mention that the present measurement p:quas £he posaibility A

g
{ pexforming fast time distribution neasurements For X-"or 1’-:%-""
he eneXgy Tango of 30 ke¥ using Pb-leaded plastio scintilla—l:o*a. Tl-"t-.ii_
aasibility could not be. reacked using the commen pure plastic sctﬂﬂl‘-
vtora awing to the fact that only Compton interaction is possidle in such
typa of pure plaé-timmtiﬂatnfs'“(ﬁ Coapton. Loz the r_the 30 keT 2.3 ka¥).

The resulis of oux experimental measurements far_ theq:half—lives have

- JE— -
peen. collected in.tabla I . _together witl tho- trangftisn tmergles, relative-
B ~— _ ) _— =
renma~-ray intensitles , multipole oixing mt.:l.os , branching rati¢s and- - -

thgoretical internel oonvers:.un coefri.nient collested .t‘ram other puhliahed

———— -

d.a.ta.6 19) These d.atn have haan us ed to aalculate the partlal gamna—raar

— == ——-

half~1lives - Lin, * for all transitions, aocording to-

{142 ) 3
e 30

i = T
vhere « Lo :th'a total internal conversicn og clent fou:mr by tnte rpola.t-
3 L
*

ion fron the tables of Sliv and Baﬁdﬂ) L x is the hr@uﬂﬁgﬂﬁ““«h\m\

extrac'bad from experinental publiched .data. - . il

Pram 'hhe partia.l half-lives, the experimenta.l pa.::t:l.al transition pro-

ba.‘bilitles were deduged end cnmpared with the theoxetical single-particla

e:.sskom‘: estmatasz )¢ To obtadn the Weisekopsl eatimtes ‘a mielear “Tagiue
conatant of 1.2 fm end e statigtiesl factor § = 1. vere uged )

. Froo ‘c.ha theuret.ioal single-pa.rticle Welogkopf estimate of the partiel
(i1 or 2)

Uelssknpi;( and the experj_mental ua.rtia.l £amman.

trangition 3:rnbah:.l:|.tiea B
Tay transition probabilities BBJ_? s the rota.rd.ation and erhancement

factors can be evaluated Ty emplny:.ng the mixing ratios S The ratard.-
srespectively,
aticn ond enhancement factors for the M1'and E2 tranaltiong/ere given by :
B‘Jei;l skopf (iz1)

B(HT) = = mme—eres

Exp
3!"
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3 2
B ( 2 ) = 1 I

Table I algo shows the caleulated matardation and enhancement faﬁbcra.
Acuording to tha present values of the shove mentloned paramaters ié??éhla

s the lower limits of the enhancenment factors for the 356 ke¥ and 276 el
treneltions which are of pure E2 multipolarity and depopulating the 437 ke
level support the Welaskopf predictlens for the partial traneitien proba-
bilities of a pingle proton . The lerge enhancewent faetor obtained for
the 53 koV itransition depopulating the mame level gives us an indication
ﬁf the exiztence of collectlve effeois,.

The lewer , limits of the enhancement factors for the 384 keV transition
of pure E2 miltipelarity depopulating the 384 keV level support algo the
Heiésknpr gingle partiole predictions for ths partisl transition probab-
1lity of a single proten , The M1 part of the 303 keV tranpitior depopulat-
ing the 384 keV lovel 1s sirongly retarded while the lower 1imit of the E2
part is enhanced by zbout tha szme amount below the singls pardicle asti;
mation, indicating ihot the E2 part of thia tranéition 1t somewhat better

accounted for in the esingle particle estimates.
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Table I

The retardation and enhanccment fectors for M1 and B2 transitiong in 13505

Level Eale-life E’,a') I.,E') Tl ti~ Bra.n.cl;. miztuze L. Ce Ce R (1) E {

(keT) (ns) (:kev) of polarity ra.'t;o ) ra.tsi; ) mac")Ez
a1 6.1540.08 81 100 M1 +E2 40 040240 1445 2430 366+ 5 4.6 -
Hﬁ?ﬁ-?ﬂgo.w; © 160,612 ml + E2 0,18 043480 0,22 0428 £501.0 21
' ' ' 796 8B M1 + EZ 0.6882 <0.0625 1.53 2.40 £ 13.5 >33
384 £ 0,360 384 34  pure E2  0.313 —-— - 0.018 — >
- - 303 65 M1 + E2 00,6682 20,0144 .' 04036 0.035 £703.0 2
’ :223 1 M1 + E2  0.0189 011 0.10 _— -
) 437 | £ 0,360 356 91  pure E2 0.741 - - 0.021 - 2 4
276 $  pure E2 0,0889 - —  0.047 - 2
53 0,1 M1+ E2 0.170 go.nﬁo 4.9 6.8 4927 2207

1) aef. 8 b} DRef. 6 e} Zef. 19
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Flgure Capticls

Fig. 1 ¢ 4 sioplifiod level scheme of 13304 (Refa B) »

Direet gamme~ray spectrum of 13305 nucleus detected by 2 %
Pb-loaded plasti¢ scintillator coupled to zn XP 2020 photo-
multiplier tube.

Pig. 2

Fig. 3 @Time, dstribution curve for evaluation of the holf-life of the B1
keV leveld®) Prowpl

Fig. 4 :{B)Time alstribution curve for evaluatlon of the 384 and J/ or 437
ke? levels oft) Pra-mpl
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