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Abstract. 
U v c l 

ThB radioactive decay of Z 0 3 B i i s studied, A dfieay- scheme i s 

proposed for 2 0 3 P b on the basis of y ray and electron spectra and Y"Y 

coincidence measurements. The experimental data are compared with 

theoret ica l results obtained in> a three quasi pa r t i c l e approximation. 

RADIOACTIVITY 2 0 3 B i (from Po(p .xn) ] ; measured E . I . I , r r c o i n c , 
2 D 3 P b deduced levels, J , tr, mu l t i po la r i t i es , cc. 

1. Introduct ion 

The nuclei surrounding 2 0 B P b , and ly ing only a few nucléons 

(£3) away from th is doubly magic core, have been and s t i l l are in tensively 

studied from both the theoret ical and experimental points of view. Dn the 

other hand, only l i t t l e experimental work has been done on the excited 

states of 2 0 3 P b , although some calculations were proposed for th is region 

sometime ago . The re la t ive ly long period of 2 0 3 B i , however, 

allows precise measurements to be taken, in spi te af the complexity af the 

observed spectra. The only reasonably detai led 2 0 3 P b decay scheme, resu l t 

ing from the more or less recent invest igat ions of the désintégration of 
2 0 3 D i (T = 11,70 h) B ) t D l u ] , i s that given by J.B. Cross in re f .E ) . 

But,.because Df the lack Df information on the t rans i t ion mu l t i po la r i t i es 

and of the rceny resu l t ing ambiguities fo r the level spin values, we 

decided to t ry to obtain more complete results on th is isotope. 

*0n leave of absence from the I . I .S .N . , Université l ib re de Bruxolles,Belgium. 
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2. Experimental techniques 

0 3 8 i radioactive sources are produced by proton i r r ad ia t i on 
of natural lead fragments in the Orsay synchrocyclotron wi th 73 MeV protons 
fp.xn reaction with n B 5, 6). An electromagnetic separation is then 
d i rec t l y performed on the resul t ing sample in the laboratory's mass 
separator. 

2 . 1 . y r a y detection and y~Y coincidences 

The Y spectra are measured by means of a 30 cm3 Ge(LiJ Quartz 
et S i l i ce detector (2.7 keV FWHM and ef f ic iency 6% Dn the 1.33 MeV Y ray 
of 6 0 Co) . The whole l inear detection chain is s tab i l ized using, as a 
reference, a generator peak (whose s t a b i l i t y i s better than 1D~5 i n 24 h i . 

A second GeCLi) counter, with the same character ist ics as the 
f i r s t one, i s used fo r bidimensional Y"Y coincidence experiments. The data 
are stored in sequence by a convenient hard-wore device on a magnetic tape. 
The coincidence matrix (2048x2048 channels) i s then made up on a magn3tic 
disk by an IBM 370-135. 

2^2. Conversion electron ceasurements 

The targets coming out of the mass separator are available fo r 
conversion electron spsctra measurements without any special treatment,the 
penetration of the bismuth ions in the aluminium f o i l being negl ig ib le . A 
3 mm th ick S i (L i ) detector [2.5 keV FWHM] is used f o r th is purpose. 

3. Experimental resul ts 

3 . 1 ' y-ray energies and in tens i t ies 

Several'Y spectra have been stored ( f i g . U and analysed i n -
11) dependently using the SAf'PO computer program . When the energy deviat ion 

fo r the main Y rays in the d i f ferent spectra is smaller than 0.3 keV, the 
sum of these spectra is analysed in d e t a i l . A l l the t ransi t ions detected, 
with t he i r r r l a l i v e i n tens i t i es , are l i s ted in table I (the 820.2 keV y-ray 
i n tens i ty beng set equal to 100). 
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3-2. Conversion electron data. 

The same method as"for the Y t rans i t ions has been used for the 

electron spectra Ef ig .2) . The lower part of these, beneath 100 keV, i s 

disturbed mainly by the X ray emission due to the electronic capture and 

thus cannot provide much interest ing information. The results are given in 

table I I , the normalisation coeff ic ient having been determined by meens of 
12) the 025.2 keV t r ans i t i on , assumed to be a pure (14 . In the interests of 

c l a r i t y , only the t rans i t ion energies, the measured conversion coef f ic ients 

and the tentat ive mul t ipo lar ! t ies are l is tBd In the tab le , the theoret ica l 
13) coef f ic ients being those of Hager and Seltzer 

3.3. Coincidence data. 

Gates were set on a number of t rans i t ions , marked by the l e t t e r 

b in table Ï , and the corresponding Y coincidence spoctra studied. Three 

coincidence spectra were p lot ted in each case, f i r s t l y with the gate on 

the t rans i t i on considered, secondly on a "background" some keV higher in 

energy, and f i n a l l y the difference betv/een these two spectra was calculated 

The table of a l l the coincidence resul ts being too unwieldy, those 

essential for the construction of the level scheme are shown in table I I I . 

Two of theâe coincidence measurements are given in f ig .3a and 3b. 

4. Decay scheme 

The data thus obtained leads to the decay schrme set out i n 

f i g . 4 . In most cases, the basic c r i t e r i a are the coincidence resul ts . When 

these are not avai lable, the energy sums must be mutually compatible, w i th 

in the precisions related to each of the t rans i t ions involved. Several weak 

t rans i t ions could be located in d i f ferent places ; they are drawn in 

dotted linr;s in the level scheme. Some nmfriguities can be c l a r i f i e d with 

the help of mul t ipo lar i ty values. 

About 75 of a l l the Y r a v s measured could not be included in 

the proposed level scheme. Among these, only ten have an in tens i ty of 

between 1 and 3%, which makes i t possible to compute the log f t values 
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corresponding to the established levels. I t i s vory l i ke l y that some low 
energy t ransi t ions occur, below 100 keV (they could, in Fact, be the 
explanation fo r some of the coincidence results) i t he i r main ef fect 
would be to modify s l i g h t l y the in tens i ty balance. 

The low energy levels i den t i f i ed long ago are found once 
again 6 1,among which the 126.4 keV, 186.6 kev", 820.2 keV, 825.2 kaV and 1033- 7 
keV. The other leva's proposed are roughly in agreement with those given 
by J-.B. Cross, although supplementary information due to coincidence and 
even more to mul t ipc la r i ty measurements give r i ss ta many discrepancies in 
a mare detai led approach. Among these, the change in the spin assignment 
of the 82D.2 keV level [which w i l l be discussed later) should be noted. 

5. Discussion 

The 2 0 3 P b spectrum exhibi ts three main features : 

- i n the low energy region, existence of a few levels which can 
very easi ly be interpreted as single quasi-part ic le states. 

- around 1 tteV, a group of levels of negative par i ty which seem 
to be more complex in character. 

- at about 2.6 MeV, a rather high density of levels wi th spins 
7/2* . 9/2 + and 11/2 + whose de-excitat ion favours the levels around 1 MeV. 

Far the low energy levels, the ground state 5/2", the f i r s t 
excited states 1/2" at 126.4 keV, 3/2" at 186.6 keV and 13/2* at 825-2 keV 
are single quasi-part ic le levels expected at these energies. The various 

1)2) one quasi -par t ic le 'ca lcu lat ions performed for the odd mass lead isotopes 
predict the posit ion of these states in good agreement with the experimental 
values j these states correspond to independent par t i c le ones i den t i f i ed in 
2 0 7 P b . The t rans i t ion probabi l i t ies measured, in 2 0 3 P b , show the features 
usually found for th is type of levels : the hindrance factor of the M4 
t rans i t ion is rather smal l , whereas the p3/2-f5/2 t rans i t ion belongs to the 
group of the forbidden M1 t rans i t ions. 
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When looking at f i g . 5 , i t i s tempting to explain a number of 

leve ls , soma of them near 1 MeV, by the weak coupling theory, before t r y ing 

any more sophisticated approach'. According to that in te rp re ta t ion , the 

coupling of each single nucléon state of spin J wi th the 2* core of the 

neighbouring even isotope should give r ise to a mul t ip let of levels with 

a l l spin values between | j -2J sj.d J*2 . The energy distance between the 

center of gravi ty of t h i s mul t ip let and the or ig ina l single state i s roughiy 

equal to the f i r s t 2* level energy in the even isotope. One of the most 

important features concerns t rans i t ion p robab i l i t i es . In fac t , the model 

provides fo r : BCE2 j j •-•J ) £ B[E2 j 2 ++0 +) and B t M l i j ' + j J - O in 

which y comes from the coupling of the single nucléon state j wi th the 2* 

s tate. In the 2 0 3 P b ground state case, the 5/2~ Q2 + coupling is expected 

to give a mul t ip let with spin values 1/2 to 9/2". I t w i l l be possible to 

assign on)y the 9/2" level to th is single conf igurat ion, as the other spin 

values up to 7/2" and 5/2" respectively can be due to admixtures from the 

mul t ip lets generated by the other single pa r t i c le states 3/2" and 1/2", 

close to the ground state and which also couple with the 2* leve l . This 

assignment is j u s t i f i e d by the energy of the 9/2" level at 89S.7 keV, 

actual ly near to that of the f i r s t 2 + level of 2 0 "Pb (B99 keV], and by the 

only observed y ray emitted from th is s ta te , a pure E2 to the 5/2" ground 

state. The 7/7" and 5/2" levels at 820.2 keV and 8BË.5 keV, decaying only 

[ fo r the f i r s t one) or pre ferent ia l ly by E2 t ransi t ions to the ground s ta te , 

can be considered mainly as members of the 5/2"S 2 + mu l t ip le t , though 

contributions from the 3/2" S 2* and 1/2"S 2 + disturb the i r energy end 

mul t ipo lar ! ty behaviour and they cannot provide a good tes t . The 3/2" level 

at 595.3 keV comes also par t ly from the 5/2" S 2 + coupling but i t i s , in 

f ac t , a strong admixture o f ' the three components with a resul t ing decrease 

of the level energy! Another rather complex s ta te , the 7/2" level at 1033.7 

keV, which 'Je-excitùtion leads to the 3/2" end 5/2" levels, might be i n te r 

preted in a s imi lar way. However, the in tens i ty of the Ml t rans i t ion 

7/2" •+ 5/2" suggests the influence of other components. Apart from the 1/2" 

leve l , which h a s - l i t t l e chance of being populated and thus observea, a l l 

the members of the 5/2" S 2* mu l t i p le t , with a mare or less "pure" con f i 

guration are i den t i f i ed , but only the 9/2" i s quant i tat ively avai lable. A 

s imi la r , but less disturbed, mult ip let should be observed in the coupling 
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of the 13/2* state with the 2* core and givB the levels 9/2 + to 17/2* at 
about 1700 keV. In fac t , two levels with spins 9/2* at 1547.6 keV and 11/2* 
at 1611.S keV, decaying towards the 13/2* level by quasi pure E2 t r ans i 
t i ons , are actual ly found in the decay of 2 0 3 B i which is unable to populate 
the higher spin states of th is mul t ip le t . In a recent report from 
Stockholm, the 17/2* level i s i den t i f i ed at 1664 ke'; '"" ', the nucleus 
2 0 3 Pb*being produced by (a,xn] reaction. The behavior J>? the levels d i s 
cussed above looks very much l i ke that of the corresponding ones known in 
2 0 5 P b , as can bB seen from f i g . 5 . 

Microscopic calculations hove also been performed, an the 
basis of the f i r s t f i ve singJe par t i c le states of 2 0 7 P b , in a three quasi-
pa r t i c l o formalism, using a TamnrDancoff tfD3) approximation and a surface 
delta in teract ion with an intensi ty of 0.14. This value describes at one 
and the same time : the mass differences, the f i r s t one q.p. states in the 
odd mass nuclei and the low energy and low spin states in the even isotopes. 
The comparison between the calculated and experimental spectra is shown in 
f i g . 6 and the general agreement can be considered reasonable. The levels 
discussed before are found hsre s l i g h t l y too high in energy, as happens 
fo r the 2 + state of 2 0 < l Pb coming out of a 2 q.p. calculat ion performed 
exactly in the same way [TD2) and with the same interact ion.This suggests, 
at least , that thnre i s no contradiction between the two in terpretat ions. 
In addi t ion, the 3 q.p. treatment predicts a largo number of other states, 
among which a group of posiLive par i ty levels 7/2*, 9/2* and 11/2* around 
2.2 MeV corresponding most probably to those observed expsrimentally et 
about 2.6 MBV. However, the comparison between experimental and theoret ica l 
results i s d i f f i c u l t in these regions, only the high spin states might be 
i den t i f i ed more nasily with those obtained from the computation. 

Transi t i a n g r o b a M l i t i es . 

The 075.2 keV level h a l f - l i f e being knewn Î6.1 s e c ) , the 
reduced t rans i t ion probabi l i ty between th is level and the 820.2 keV level 
can easi ly be evaluated. The results obtained by R.E. Doebler et a l . 
show that the 5-0 keV t rans i t ion in tens i ty i s nearly 8% of the t o t a l do-
exc i ta t ion. I f the 020.2 ksV level has a spin 9/2" , the 5.0 keV M2 t rans i -
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2 - D 8 1 û " ! ( 2 ^ 1 f m ° " T h i s 

value is to be compared with those obtained in the neighbouring nuclei 

where the 13/2+-»-9/2 transition is wall established : 

B W Z ) ^ t ~ - ) fm 6 2.06- I D - 5 6.71 1£f 2 S.D3 10' 2 1.52 
exp 2npc 

up o 
H Sp 

The F value is obtained in the simple hypothesis of a transition between 

single particle states i13/2 + and h9/2~. The hindrance factor may appear 

normal for the lost three isotopes, as the h9/2 component of the wave 

function of the low energy 9/2" level is very weak. On the other hand, 

there is an unnacountable discrepancy for z o Pb. 

The hypothesis of a spin 7/2" for the 320.2 keV level gives, 

for an E3 transition : 

BtE3) 
rxp 

F -5» 
5 P EL 

5 10"" 

order of magnitude is reasonable and the two values obtained are close. 

When toe calculation is performed with the wave functions 

resulting from a computation using the TD3 approximation and a surface 

delta interaction whose intensity G=0.11, one finds : 

B 
B [ E 3 ) T D 3 "11.4 e

2fm 6 and F T D 3 = - ^ ' 0.33 
sp 



The agreement is excellent. Thus it seems that the B20.2 KeV level pro

perties are belter explained if its spin is 7/2", 

6. Conclusion 

A large amount of expe'rïmental data was collected an the 

decay of 2 0 3 B i , leading to a complex, if not complete, decay scheme for 

2 0 3 P b . Because of the density of experimental levels, it is however 

difficult to decide which mip.ht be the best theoretical interpretation. 

A threB q.p. calculation, using a surface delta interaction with G = 

0.11, accounts for mast of the observed levels, but it is interesting 

to note that some of them could equally well be predicted in a weak 

coupling description. The study of the levels behaviour in more defi

cient odd isotopes, produced either by bismuth decay or by [heavy ion.xn) 

reactions, would provide a better test of the validity and limits of 

theoretical approaches. 
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Table. I , 

Energies end re lat ive intBnsitlBS of 2 6 : i P b ganma rays* 

E (keVÎ r 
Y 

E y (KeVJ I 
Y 

E (KeV) \ E CKBV) \ 
100.47 0.19 466.7G D.76 016. 32 b •- 13.6 1151.49 0.4? 

119.95 0.19 476.95 0.29 820!23? _1p_q • 1153.45 0.66 

126.46b 4.07 . 403.B1 0.90 825.21 49.3 1166.86 0.53 

136.78 0.64 406.62 0.39 047.18 b 28.7 1176.97 D.37 

157.33 0.20 490.24 0.37 661.22 b 0.45 1104.35 1.65 

166.?:: 0.29 496.49 b 2.24 665.A 7° 5.02 1106.16 0.43 

i r : j . 6 4 b 10.5 5D1.40b 0.63 0G9.21b 1.67 1190.55b 6.61 

'36.07 0.29 S06.2Db- 0.55 871.D4 0.73 1203.D5b 5.19 

202.20 0.25 511.00 1.04 600.00 0.30 1206.17 0.50 

212.52 0.92 513.46 b <3.37 096.85 b 44.1 1214.26 0.75 

220.37 0.10 531.21 0.31 904.13 0.72 1223.70 2.46 

252.22 D.35 542.77 0.76 906.7D 0.64 1228.36 0.74 

264.19 b 17.7 546.97 0.S6 911.70 0.75 1246.07 1.79 

271.12 0.46 558.87 0.55 924.54 0.68 1253.83b 4.16 

295.Q4 0.28 569.29 b 4.11 927.60b 0.67 1261.66 0.39 

299.34 0.39 590.65 0.43 933.39 b 4.85 1274.24 0.32 

30B.10 0.10 595.27 b 1.59 935.99 b 2.50 1303.29 1.65 

311.11 0.22 618.77 1.21 951.64 0.77 1307.54 0.57 

322,04 0.51 621.02 1.39 974.34 0.2Û 1310.97 0.42 

325.49 0.22 623.93 0.57 962.32 0.61 1337.26 1.26 

331.29 0.70 626.73 1.20 904.97 1.D4 1343.35 0.57 

337.68 0.56 633.60 b 4.49 995.13 b 0.51 1350.33 0.3? 

339.72 0.55 647.02 D.5D 1000.31 b 3.31 1358.14 0.20 

349.13 0.43 651.53 0.15 1006.00 0.37 1365.50 0.42 

375.09 1.20 657.92 0.75 1024.25 0.41 1370.07 1.22 

370.00 0.97 665.03 0.36 1033i73b 29.8 1374.18 0.36 

361.67 b 4.34 674.76 0.34 1043.95b 0.02 1361.27 0.95 

392.52 b 1.13 697.36 0.54 1050.77 0.35- 131,5.61 1.27 

406.31 b 1.25 704.38 0.4B 1060.29b 2.03 1395.55 1.04 

416.13 0.31 719.03 b 1.34 1070.12b 2.37 1407,08b 3.19 

421.60 b 1.29 722.39 b 16.1 1074.76b 0.97 1409.91 2.40 

429.04 D.OB 740.09 b 1.28 1007.75b 1.31 1417.07 0.G5 

432.54 0.45 746.45[2) b 3.07 1091.73 0.57 1421.07 0.65 

449.HO 0.13 759.01° 0 . 9 109S.62 0.39 1431.01 0.41 

452.60 0.33 7Cfl.81 b 1,30 1111.96b 2.42 1438.10 2.15 

459.48 D.21 772.74 b 0.71 1120.24° 2.44 1464.75 2.0? 

462.15-. 0.59 779.90 0.39 1123.93b 1.02 1469.20 1.46 

465.01 0.26 760.15 0.31 1143.BO 0.35 1406.15b 1.03 



Tab ie I (continued). 

E t keV } \ E tkeV) \ E tkeV) \ E y U a V ) : r 

1 5 0 6 . 7 0 b 1 2 . 4 1738 .36 0 .86 1930 .89 0 . 5 C 2 2 2 4 . 7 8 0 .56 

1 5 1 0 . 4 3 1 . 1 9 1743 -50 0 . 0 5 1 9 3 9 . i l . - ' 0 . 4 3 2 2 7 0 . 2 4 0 . 1 1 

1 5 3 6 . 4 6 b 2 5 . 5 1 7 4 f l . 4 6 b ' «Ï.39 1951-80 ' * ; 0 . 1 1 2 3 3 1 . 5 7 1 .1 

1 5 5 0 . 6 2 b 2 . 6 0 1770 .72 1.71 1966.0Q 0 . 1 0 2 3 6 2 . 2 0 0 . 1 4 

1 5 5 2 . 5 5 b 5 . 0 1779 .12 0 . 1 4 1 9 8 3 . 1 4 b 2 . 9 8 "2372.31 0 . 1 4 

1 5 6 2 . 5 1 0 , 4 7 17B7.S0 0 . 6 4 1991 .03 D.40 2 4 2 6 . 9 1 0 . 0 7 

157S.D3 0 . 4 6 1 6 0 0 . 1 D b 3 . 1 2 D D D . 7 1 b 2 . 7 9 2527 .1B 0 . 1 0 

157B.50 0 . 1 3 1 6 0 2 . 3 D b • 3 . 1 , 2 0 1 1 . 3 B b ' 5 .96 25B7.42 0 . 1 0 

1532 .00 0 . 1 0 1812 .32 0.2? 2075 .16 0 . 1 2 25B4.22 o.zz 
1 5 8 9 . 3 4 0 . 6 7 1B1G.35 1 .36 . 207B .23 1.57 2 6 5 0 . 9 6 0 . 0 8 

1 S 9 2 . 6 5 b 3 .69 1B41.91 1.64 2 0 8 4 . 0 1 0 . 2 2 6 6 6 . 3 0 0 . 2 0 

1 6 0 5 . 3 6 0 . 4 1 1 8 4 7 . 2 9 b 3 6 . 6 2113 .18 0 . 3 9 2682 .B2 0 . 0 3 

1 6 3 3 . 9 5 2 . 1 6 1856 .49 0 .9B 211Û.24 0 .59 2 7 1 2 . 9 5 O.OB 

1G46.76 0 . 3 5 1638 .02 6 . 5 1 2144 .16 D.79 2 7 1 6 . 6 9 D.01 

1 6 7 9 . 5 9 b 2 9 . 6 1 8 9 3 . 0 0 b 2 7 . 6 2158 .94 0 .13 2 8 8 4 . 3 4 0 . 0 2 

171G.33 1.87 1 9 f l C . 1 7 b 1.15 21Ê1.64 0 . 4 6 2 9 4 5 . 4 0 0 . 0 7 

1 7 1 9 . 6 5 b 11 .5 1 9 2 8 . I 6 b 3.79 2196 .26 0 .08 

The accuracy l im i t s on these values are as follows : 

I f I Ï10 then ÔE CO.5 hev and j-*- 6 5 * 



Tabla I I 

Conversion c o e f f i c i e n t s and roultipolarities 

Energy (KcVl K convers ion coofflcionta Assumed Energy IhBV) R conversion c o e f f i c i e n t s Assumed 

"L m u l t i p o l ù r l t l c s *L m u l t i p o l n r l t i e a 

126.46 1-151-1] i 1 -1 * E2 933.39 2.1S(-?1 J 0.33 m 

135.78 1-33(03 ± 0.23 MK+E2) 935.99 4 .45 ( -3 ] t 7.07 E1 

4 . 1 9 [ - 1 ) ? 1.07* 1000.31 2 .96( -3) ; 1.56 E1 

166.G4 1-29 (D) 1 0.12 m 1033.73 1.141-2) i D.13 111* 30s E2 

2.14C-1] i 0-2* 1068.29j E2 ? 

202.20 4.S9C-1) ± 0.77 E2 ,m? 1070. 12 J 5.3 (-3) * 1.6Q E2 Ï 

252.22 2 .55 ( -1 ) ± 0.5 M1!*E2) 1111.96 1.0 (-2) ± 0.26 (11 

2G4.19 4.4 ( -1) ± 0.5 (11*20% E 2 1120.24 1.171-2) ± 0.8 m 

9.9 [ -2 ] ± 1.C6* 1123.93 1.361-21 1 0.53 ni 

271.12 1.6 (-11 i 0.54 E 2 t * n i ) 1184.35 6 . 9 H - 3 ) i 2.75 Ml , E2 

375-03 ?.f l (-21 : 1-6 r i i « £ 2 i 1198.55 4 . 0 K - 3 ) i 0.9fl E2 

376-00 2 .0 ( - D ; 0.4 HI 1203.05 7,9f l [ -31 ± 1.57 M1 

301.57 1-S21-1J i 0 .3 Ml t 1223.70 2.7B1-3) ± 1.15 E1 , E2 

3U2.52 1.221-1) ± 0.23 m 1245.07 7 .15 t -3 ) 4 1 M1 

406.31 1.321-1) i 0.4 NI 1253.63 6.711-3) • 3.15 Ml , E2 ? 

•121.60 4.G (-2J ± 0.5 E2 143G.10 3.6 ( -3) 4 2 E2 

402.15 9.5 (-21 ± 2 . t M 1505.70 1.05(-3) ± 0.33 E l 

465.QÏ 9-4S(-2J i 1.8 n i 153G.46 4.0GC-3) ± 0.76 M1 

IBS. 75 

49B.4S 

B.4 ( -2) i 1.E 

7.7 [ -2) i D.B1 

Ml 

Ml 

1550.621 
1S52.55| 

7.36(-1) 1 4.6 E1 7 

513. IB 1.35(-2) i 0 .3 E1[»IC) 1592.SB 3.111-3) i 0.6 (11 , E2 

SLB.67 8.25C-21 ± 2-1 M1 1679.59 7.3 ( -4) ± 1.15 E1 

569.29 6 . 7 7 { - 2 ] t 0.07 r.1 1719.65 6V75C-4) ! 2.33 E1 

590.B5 G.90I-2) ± 2.9 m 1748.46 3.30C-4) i 1.72 E1(*M2) 

595.77 1-911-2) i 2.9 E2 1767.60 5 .Zat -3) t 2.02 m ? 

C2G.73 2 .9 1-2) ï 0.Û E 2 l « n i i iaoo.io[ 
6.64C-4] ± 2.5 

E1 ? 

633. B0 2.011-2) i 0.45 E 2 ( ' M i : 1602.3ûj E1 ? 

719.03 2.6 (-21 i 0.04 M I [ - - L : ) 1847.29 5 .33( -4 ] ; O.BB E1 

726.39 6.771-3] ! 1.4 E2 16BB.02 1.4G(-3) ± 0.2 E2 

710.0C7 1.391-21 ± 0.69 E2 1893.00 5 .56( -4) 4 0.94 E l 

74D.-;&[2) 2.711-2) î Û.--.S n i [ * E 2 ) ï 192B.1S 1 .3K -3 ) i D.3B E21M17] 

SIC. 3? 9 (-31 i 1.* E2 1983.14 1.551-3) ± 0.65 E2 

820.23 6.3 (-31 ; 0.9 E2 1991.03 1.99(-3) ± 1.25 E2 , HI 

B17.16 7 .03 ( -3 l J 1.55 E2 2000.71 4 .60 [ -4 ) ± 2.34 El 

BD6.47 7.151-3) J 1.60 E2 2011.39 5.181-4) * 1.41 El 

BG5.2C6(2) S.B2I-3) i 3.7 E l 

Û9G.B5 7.5 [-31 i 0 .9 E2 
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F?B5Ult= of ac-me coincidence studies 

e energy [heV! Y rays t I n the1 coincidence spectrum (KeV) 

381.67 166.64 569.29 - 59S.27 - 719.03- 722.39 - 740.09 - 746.45 - 766.81 - 616.32 - B47 IB - 666.47 -

B69.21 - 096.65 933.39- 935.99- 1033.73- itffl?. 75 - 1438.10- 1496.15- 1716.33 - 1802.30 . 

421.60 196.r i 569.29 933.39- 935.99- 1198.55- 1438.10- 1716.33- 1602.30. 

498.49 166.64 569.29 '933.39- 935.99- 1436.10 - 1716.33- 16D2.30. 

513.48 166.64 50B.20 633.80- 847.18- 696.85- 1033.73" 1120.24. 

569.29 186.64 295.64 381.67 - 421.80- 4ÔB.76- 496.49- 595.27- 768.81 - B47.18- B66 47-869.21 -

933.39 935.99 1067.75- 1496.15- 1602.30. 

633.60 1B6.B4 1000.31 - 1033.73. 

? 
324.51 - 935.13- 1058.77 - 1120.24- 11C6.86- 124G.07. 722.39 381.67 501.40 

- 1033.73. 

? 
324.51 - 935.13- 1058.77 - 1120.24- 11C6.86- 124G.07. 

746.45 166.64 361.67 406.31 - 616.77- 816.32- 869.21 - 143B.10- 1641.91. 

768.81 186.64- 361.67- 5E9.23- 847.18- 1033.75- 1068.29. 

616.32 392.52- 406.31 - 542.77- 618.7?- 74b. 45 -1111-96- 1153.45. 

B61.22 186.64- B47.16 - 895.85- 1033.73. 

869.21 186.64- 361.67- 421.60- 506.20- 569.29- 746.45 - S33.35- 1068.29 

933.39 361.67- 421.60- 49B.49 - 569*29 - 8G9.21 - 1068.29 - 1430.10 - 1679-59 - 1719.65. 

381.67- 421.80- 496.49- 5G9.29- 740.09- 866.47- 1066,29. 

6G6-47- 669.21 - 933.39- 935.99- 1B02.3Û. 

166.64- 647.18- 1033.73- 1592.6G. 

212-52 - 964.77- 1370.07 - 1421.0? - 1469.20. 

.64- 220-37-264.19- 3B1.69- 569.29- 1D70.12. 

165.61 -• 264.19- 895. 65 - 1203.05. 

126.46 - 13G.78- 166.64- 40G.31 - 047.16- B96.85- 904.13- 933.39- 1033.79. 


