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evidence is seen here of the 231-139, 231- 432 and 231- 490 keV 

cascades and the 231-139 - 293 triple cascade. 

Figure 19 shows the Ge(Li) spectrum and figures 22 and 23, the 

NaI spectra, all with a gate at 139 keV. In figures 21 and 23 the 

background is unsubtracted and subtracted respectively. The 139 keV 

peak is complicated by the fact that the backscatter peaks of the 

231, 293, 350, 490, 664 and 771 keV strong gamma transitions lie in 

61 

this energy region, and most of the recorded events are self coincidences. 

In figure 19, the spectrum gated by NaI pulses between 120 and 160 keV, 

and there is a very strong complex at 140 keV due to coincidences between 

the 293 keV Compton and backscatter peaks, and prominent 350, 490, 664, 

and 720 keV Compton peaks. The only true peaks showing are those 

arising .from 139 - 293, 231 - 139 and 293..;. 139 keV cascades. 

The same information is revealed in the reverse experiment with 

a gate set on the 139 keV Ge(Li) peak. The spectrum with background 

subtracted, which is shown in figure 23, seems to indicate a·. coinci­

dence with a strong ·556 keV gamma ray. A conclusion that there is a 

139-556 keV cascade is contradicted by the absence of any evidence 

for a 490 - .556 ke v cascade and in arry case' the 556 ke v transition is 

not nearly as strong as figure 23 indicates. Hence, this result is 

believed to be due to difficulties in background subtraction and is a 

good example of the sort of problem involved in dealing with true Ge(Li) 

peaks in the 130-160 keV region in the coincidence geometry used. 

The NaI spectrum associated with a 57 keV Ge(Li) gate is shown 

in figure 24. This spectrum shows prominent peaks at 293, 664, 880,1102 
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and 1324 keV which are associated with the strong gamma rays feeding 

the 57.37 keV level. The relative peak heights, when corrected for the 

NaI detector efficiencies, are in rough agreement with the relative 

intensities as seen from the singles spectrum. There remains the 

question of the peaks at 122 and 490 keV which are observed in this 

spectrum. These present rather a problem since the underlying back­

ground in the Ge (Li) spectrum is only l~ of the peak, and if they 
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were gamma rays directly feeding the 57 keV, they would have intensities 

of about 3%. When a background subtraction is made (not shown), the 

122 keV peak is greatly reduced, and the 490 keV peak is found to 

be very much over subtracted. A closer examination reveals that the 

490 keV transition is apparently in coincidence with something at about 

30 keV. It is therefore suggested that the 103 keV transition, which 

is observed in the singles but not placed in the decay scheme, directly 

feeds the 490.2 keV level. Then the coincidences between the 490 keV 

transition and the Compton of the 103 keV radiation could be responsible 

for the 490 keV peak seen in figure 24. It proved impossible, however, 

to substantiate this. The 103.2 keV radiation is rather weak (0.06%) 

and lies in the re.gi.on dominated by backscatter lines, especially that 

of the strong 231 keV radiation. In view of these difficulties the 

proposed new level a·t 593. 4 keV is not included in the decay scheme. 

Figure 25 shows the Na! spectrum in coincidence with a gate 

set on the 122 keV Ge(Li) photopeak, with no background subtracted. 

This spectrum has a strong 840 keV peak which corresponds to the 840 keV 
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gamma ray in l5~. The relevant portion of the decay scheme of the 

642 

r 
~62 

9. 3 hour component in the decay 

of l5~u is shown in the inset. 
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I From the intensity of the 840 keV 

l5~ impurity line, as measured 
ll·h 

0 ·3 9.y-

122 ---r-------b-5 J, 
152 

Eu 

in the singles run, and from the 

relative intensities given in 

the inset. the coincidence proba-

bilities for the 842 - 122 keV and 

560 - 122 ke V cascades are found 

to be 0.22 and O.OC6% respectively. Thus the 840 keV peak in figure 25 

corresponds in intensity to that expected for a 840-122 keV cascade 

of intensity 0.22%. The 560-122 keV cascade would yield a 560 keV 

photopeak of intensity about ?J';6 of that at 840 keV (i.e. 50 counts). 

This peak would fall in the valley between the 586 and the 490 keV 

peaks. The 586 keV peak cannot be associated with the 122 keV transi­

tion in l5~, and spectra in coincidence with adjacent windows show 

that the 586 keV peak is to be associated with a gate at 122 keV. This 

is therefore be·lieved to be evidence for a 586-122 keV cascade in ll.ta Ce. 

The reverse experiment with a NaI gate set on the 586 keV peak shows 

that the relative intensities of the 293-586 keV and 122-586 keV cas­

cades is 18:1, hence the intensity of the 586-122 keV cascade is about 

0.05%. The intensity of the 122 keV cascade is therefore found to be 

approximately O. 01%. From a comparison of the intensities of the 122 keV 



peaks seen in Ge(Li) spectra with gates at 840 and 880 keV the result 

is obtained that the 122 keV contribution due to 143ce is 0.04%. The 

gates were 12 keV wide and therefore they should not overlap, and in 

thi s energy r e gion the only other photons entering these gates will 

be just from the Compton of the 1102 which will not affect the 122 keV 

peak. Because of the difficulties associated with obtaining convincing 
' 

evidence for a 122 keV transition in the 143ce decay, it is sho'wn as 

a dotted line in the decay scheme. The 0.04 indicates the maximum 

possible intensity. 

A further examination of the coincidence data was made to look 

for transitions, defining new levels, in particular .the ·Ge(Li) spectrum 

with a gate covering the 664 and 721 keV peaks was examined. No new 

coincidences were observed. The 212.7 radiation is sufficiently strong 

(0.3%) t hat it would have been seen if it fed any of the levels up to 

t he 937.3 keV level, from intensity considerations it could not feed 

any of t he levels above 937.3 keV. The conclusion is that it is a 

ground state transition. This is strengthened by the correct energy 

fit . of a 277.6 - 212. 7 keV cascade from the 490. 2 keV level. A NaI gate 

at 277 keV indicated a peak at 212 k.eV of about the right intensity. 

6. 3 The Internal Conversion Measurement 

68 

The energy calibration of the system with the l cm2 Si(Li) 

de tector was effected by means of a run with a 207Bi source.· The spectrum 

of this electron capturing nucleus shows low energy auger lines and the 

K and L internal conversion lines of the 569.6 and 1C63 keV transitions. 



To get the energies of the observed peaks the values of the binding 
14 . 

energies of Pb82 have to be subtracted. A 3ce source yielded the 

spectrum shown in figure 26. The energies and intensities of the 

peaks observed are presented in table II. The K subshell conversion 
) 

coefficient for the 231.6 keV transition was then obtained by norma-

lizing to the value for the 293.3 keV transition. This value is 

obtained from the missing ratio as measured by Gellently (18) et. al., 

and from the calculated conversion coefficients of Sliv and Band. 

Conversion Coefficient 

Ml 

E2 

-2 5.75 x 10 

-2 4.30 x 10 

Then for the 293.3 keV transition 

Missing Ratio 

63 :!: 4% . 

37 :!: 4% 

~ = 5.75 x 10-
2 

x 63 + 4.30 x 10-
2 

x 37 = 5.21 x 10-2 
63 + 37 

and hence the K subshell internal conversion coefficient for the 

231 keV transition is given by 

0.0521 = {o.i x ~ 

+ cxK = 0.10 - 0.02 

This then gives a multipolarity mixing of 54 + 40% Ml. 

6.4 The Decay Scheme 

The results discussed above are incorporated in the decay scheme 

shown in figure 27. The energy of each level in the decay scheme was 
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TABLE II 

Lines in the Internal Conversion Spectrwn, 

Electron Energy Relative Origin of Hela.tive 
keV Electron Conversion photon 

Intensities Line Intensities 

189 .6 10.1 K of 231 keV peak 5.2 

251 .3 100 K of 293 keV peak 100 

285.0 12.2 L of 293 keV peak 100 

3os.3 3.4 K of 350 keV peak 6.9 



-

determined by a weighted average of the transition energies involved 

in the various paths of de-excitation to the ground state. The 

energies of the transition are given in keV and the intensities rela-

tive to 100 for the strong 293.3 keV transition. The location of 

many of the stronger lines in the decay scheme has .been based on 

coincidence data; for transitions located in this fashion, a dot is 

placed on the lower level involved. 

All the classified transitions are shown in table III which 

also compares the present work with the work of Gopinathan et. al. 

The first four columns present their results, the fifth and sixth give 

the present measurements, the seventh .indicates the basis of classifi-

cation, and the next shows the location of each line in the scheme. 

The last column shows the difference between the separation of the 

levels involved in the transition and the actual energ./ measurement 

of the transition. 

The present energy measurements are considerably more precise 

than those of the earlier workers who were using NaI detectors and the 

coincidence conditions are more rigorously applied. In the main, the 
. 

present results confirm the previous decay schemes. The 220 keV line 

listed by Gopinthan is not present; it could conceivably have arisen 

from pile up or back scatter in the NaI detectors. A number of new 

transitions, notably those of energy 122.1, 212.7, Z'?7.6, 4'1?.7, 790.1, 

1002.5 and lo60.0 keV have >been placed in the decay scheme. Three new 

levels at 212.6, 867.9 and 1059.8 keV have been established on energy 

fit involving 2, 2 ·and 3 lines respectively. and three other levels at 
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TABLE III 
143 

GAMMA RAYS IN THE DECAY OF Ce 

Gopinathan et al Mancuso et al Present Work 

Energy I Intensity I Energy l :Inter..sity-
- j 
Energy i assign- I Intensity Classification I E calculated-

(keV) J J (kev) I i 
I 

(keV) 
!ment I 

I E observed i I --··--- - - ----- r I 

I 
I 

I 57 , I ; 25 I 57 I 23 I 57037 20.4 0 I I 57.37~ 0 
I 122 .1 y-y I 0.08 1059.87-4 937. 31 +0.5 I 

! 490. 23 -4 350. 62 142 I 1.1 I 143 I 6 !1 139.5 y-y I 0.2 +0.1 I 

212.7 I 0.36 l 212.65-7 0 0 
220 

I 
7 

I 2~~- I 
---

t~.6 --- I 
232 7 4 y-y I 5.2 ! 721. 78 -7 490. 23 

I 
- 0.1 

277.6 y-y I 0.002 /490.23-212.65 0 
l 

293 100 293 100 293 y-y 1 100 ! 3 50. 6 2 ~ 5 7 • 3 7 I 0 
! I 

351 9 350 9 350.5 y-y I 6.9 i 350. 62 _,.. 0 +0.1 I 

l121.7s ~ 350.62 
I 

374 0.9 375 Oo4 71. 5 y-y 0.03 -0.3 
I 

1490.23 ~ 57.37 436 33.0 y-y I 0.3 -0.1 
447 
453 

I 
0.8 1452 

I 
1r7.o y-y I 0.15 1937.31-) 490.23 -0.1 

493 5.3 493 4 490.2 y-y 4.3 490.23~0 0 

497.7 y-y 0.2 847.86 __, 350.62 -0.4 
-.J 
\>.I 



TABLE III (continued) 

Gopinathan et al Mancuso et 8.J. Present Work 
----·--·-- --~-- - -

Energy Intensity Energy Intensity! Energy assi.;n- Intenr:ity Classification E calculated-I ment E observed I 
- -----

591 3 
668 15.1 

725 17 .1 

-- I 595 2.2 586.9 y-y 1.0 937. 31 -4 350. 62 -0.1 
l 668 13 664.4 y-y 12.2 721. 78~ 57.37 0 

725 12 I 721.8 y-y 10.1 721. 78 __... 0 0 

810 0.7 

I 
790.1 0.036 847.86--'> 57.37 +0.4 f 

I 817 0.7 809.4 y-y 0.06 1160.14 __, 350.62 +0.1 
885 3 
942 0.5 

888 2 i 880.0 2.1 937.31--+ 57. 37 -0.1 
I 

y-y 

945 o.4 · 937.2 0.05 937. 31---:> 0 +0.2 l 
1002.5 0.1 1059 .84 ~ 57.37 0 

1042 o.4 1 1045 o.4 1031.2 y-y Oo03 11381. 61 ~ 350. 62 -0.2 
1060.0 y-y 0.06 059084 ~ 0 -0.2 

llOO I 1.4 

1340 0.1 

1110 0.8 1102. 9 y-y 0.5 ~160. 33 __, 57.37 0 

--- --- 1324.1 y-y 0.02 ~ 381.61 ~ 57.37 -0.1 

' 
-..J 
-t:-

l 
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--·593.4, 636.2 and 739.9 keV are tentatively proposed on the, basis 

of the coincidence data but are not included in the decay scheme 

on account of the weakness of the arguments. 

There remain a large number of lines; 72. 7, 25L+ . 6, 556. 5, 

809.9, 815.3, 1046.6, 1340.2, 1461.0, 1498.8 keV, which have not 

been placed. They all have intensity 0.08 or less, but nevertheless 

it should be possible to locate the stronger of them by further 

coincidence experiments with the existing equipment. The last 

two are probably due to impurities since the decay energy is only 

about lL~OO keV. It is suggested that a coincidence experiment 

with a 60° geometry and a wedge shaped Compton shield, and a 

beta-gamma coincidence experiment would be valuable. 

6.5 The Intensity Balance 

Table IV shows the result of the intensity balance, that 

is, it shows the difference between the transition intensity 

de-exciting the level and that feeding it. The number of transitions -

per 100 decays was found by normalizing to the total feed to the 

ground state. The beta feed to the ground state being assumed 

t~ be zero. It was thus possible to find the beta intensity 

feeding each level, from this could be found the partial half lifes 

of the beta transitions and hence, using the nomogram of 

Moszkowski (25) the a.pproximate log fT -
1 

values for each beta 
7:i 

transition could be determined. 

6.6 The Spins and Parities of Levels in 143Pr 

The measurements of 3/2 for the ground state spin of 143ce 

by Maleh, 7/2 for the ground state of 143Pr by Burdick et al and 
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TABLE IV 

11 Lensi ty Balance for the Levels in lL1-3Ce 

Level Ene r gy ~ feed intensity log f'l\; 2 keV /100 decays 

1381. 6 0.04 ±. 0.03 

1160.1 0.25 .± 0.05 7.6 . ± o.4 

1059 . 8 0.19 + 0.04 9.0 ± o.4 

1046.7 0.05 ±. 0 .. 01 

937 .3 1. 7 ± 0.3 7.9 ± 0.3 

847 .9 0.13 ±. 0.03 9.3 + o.4 

721..9 15.5 ±. 1.3 7.8 ± 0.3 

490.2 -0.5 ±. 0.5 

350.6 60.8 ± 5.6 7.6 .± 0.3 

57.37 22.74 .± 7.1 8.6 ± 0.3 

TOTAL 100.9 



5/2 for the first excited state of 
11

+3Pr b,y Graham et al provide 

a firm basis for the further assignment of spins and parities. 

(2·6) Gopnathan - assigns a spin of 3f?.. to the 350 keV level and this 

assignment is strengthened by the log ft 1; 2 value to this level. 

The log ft values of beta transitions from 143ce to most of the 

11+3 levels of Pr indicate that they are of the first forbidden 

type showing that these levels have even parity. 

Prom the 664-57 keV directional correlation Mancuso et al 

assign a 5/2 spin to the 721 keV level and hence from the 

231 - 490 keV directional corr elation they give 5/2 or 7/2 for 

the spin of the 490 keV level. The absence of beta feed to this 

level implies that 7/2 is the correct spin assignment. 

The absence of beta feed to the 213 keV level and the relative 

intensi ties of the transitions feeding it, lead to a tentative 

assignment of 7/2+ to this level. 

The spin assignments to the higher levels were made on the 

basis of the log fT1; 2 values given in Table IV, and on the 

relative intensities of gamma transitions. The arguments are 

weak and it is here, especially, that the need is felt for further 

experiments. It is very difficult to make an assignment for the 

1381.6 keV level, the log fT1; 2 value to this level is ~ 10 which 

implies a spin of 9/2, 11/2 ; however, the two transitions de-

exciting this level feed the 350 and the 57 keV levels which both 

have low spins, i.e. 3/2 and 5/2. 

6.7 The Interpretation of the Level s of 143Pr 

No finn model-dependent predictions of the levels in this 
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decay have yet been successfully made. However, it is quite easy 

to make a general description of the nature of the lower lying 

energy levels. The shell model predicts a 5/2+ ground state and a 

7/2+ first excited state as is observed in 141Pr. The experimental 

results show that these states have crossed in 143Pr, the cause 

being ascribed to the increasing quadrupole force. 143Pr has two 

neutrons outside the closed shell of 82 and nine protons outside 

the closed shell of 50 giving single particle states g?/2 and 

d
5
/

2 
available to the odd proton. It can then be expected that 

this odd proton will couple to the quadrupole vibrations of the 

142 even even Ce core. Hence the higher excited states may be 

interpret~d as collective in nature with expected spins ranging 

from 1/2 to 11/2. As was mentioned earlier Choudhury and Kujawski 

have applied the intermediate coupling approach to this nuclide . 

As they note in their paper one can asswne that the odd proton 

having available both the lg7/ 2 and 2d5/ 2 states is neither weakly 

nor strongly coupled to the collective surface vibrations of the 

142 even even Ce core. Their calculation predicts correctly the 

multipolarity and the half life of the 57 keV transition. However, 

they do not predict levels anywhere in the neighbourhood of 212, 

350, 937, 1046, 1059, or 1160 keV. It can thus be said that the 

results of the present work do not improve the agreement with 

the theoretical results. 
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SUMMARY 

'rhe gamma ray transitions emitted following the decay of 

143ce have been studied by singles and coincidence techniques , 

using Ge(Li) and NaI detectors. Thirty-eight gamma ray transitions 

lL 3 have been associated with the decay of ~ Ce. of which twenty-five 

have been classified in the proposed decay scheme. Ten excited 

143 levels have been established for Pr, of which seven had been 

postulated by earlier workers. In addition a classification of 

three further transitions defining new levels is tentatively 

proposed. 
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