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ABSTRACT 

UCRL-18036 

The results of new nuclear orientation measuremeilts on Nd147 and re-

analysis of Old. data in light of the revised temperature scale for neodymium 

ethylsulfate are presented. Previously assigned spins in Pm147 are confirmed, 

While several ~-ray mixing ratios are altered somewhat and the previously 

reported L=O character of several beta branches is found to be incorrect. 

Auxiliary experiments in cerium magnesium nitrate (CMN) give further~upport 

to the new neodymium ethyl sulfate (NES) temperature scale. The attenuation 

factors of .the 91-keV level in Pm147 were determined for the two lattices as 

G2(91)NES = 0.89 ± 0.11. and G2(91)CMN = 0.42 ± 0.12. The latter is in poor 

agreement with theoretical values of Daniels and Misra. Available data on 

reorientation following decay of oriented nuclei in paramagnetic salts are 

summarized and interpreted as ,indicating dependences on both environment and 

intermediate state lifetime., States at 122 keV and 198 keV are populated in 
, . ' . 147147 
the decay of Pm to Sm , . 4 ' 143 The 7 2-keV state of Nd is reassigned as 

3/2-. Neutron states of 3/2- and 5/2- character are traced through the 

,,' region A = 140 - 150. The 3/2- state (the ground state in ce143 ) is inter-

preted, for N = 85 and N = 87, as a quasiparticle-plus-phonon state predicted 

by Kisslingerand Sorensen. The 5/2- state (ground state in Nd147) is 
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interpreted either as their qp-plus-phonon state or as a 3-:qp intruder state. 

A diagnostic rule for the identification of 3-qp states - that their magnetic 

moments appear in the "wrong" Schmidt group - is discussed and applied to 

ten cases .. 
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I. INTRODUCTION 
. 1-4 147 

Several riucl~ar-orientation studies of the decay ofNd have been .. 
reported, the most recent and extensive being that of Westenbarger and 

\./ Shirley,referred to herein as r.Spin assignments were made in I for 

• 

1 t t . Pm147 d " t· d . d f 1 severa s a es In an mlxlng ra lOS were erlveor severa ~ rays. 

In addition three beta branches were found to be largely of L=O character 

. (i.e., with the leptons carrying away no net angular momentum). 

S.tudieswith other experimental methods5,6 have supported these spin 
. 8 

assignments, but it was subsequently discovered7, that the temperature 

scale for neodymium ethylsulfate (NES), upon which some of the multipolarity 

results reported in I~ere based, was in error. In Sections II and III we 

report the results of a re-analysis of the data in I along with additional 

data fr?m'nuclear:orientation experiments on Nd147 in both the NES and the 

cerium magnesium nitrate (CMN) lattices. 'rhe new data provide another test 

of the newNES temperature scale and yield the attenuation factor G2 for 

the 9i-keV level of Pm147 in both lattices. In Section IV the decay of Pm147 

is discussed, the level scheme of Nd143 is .revised, and two neutron states are 

traced through several nuclei. Section V includes comments on the magnetic 

moments of three-quasiparticle states . 
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II. EXPERIMENTAL 

The nuclear orient~tion apparatus has been described elsewhere. 9 The 

new measUrements are more extensive than those reported in I in that CMN was 

used as well as NES and in that both NaI(Tl) and Ge(Li) detectors were em-

ployed. To take advantage of the new temperature scales for the two para-

magnetic salts, the temperatures attained on demagnetization were determined 

from the initial magnetizing fields and temperatures preceeding demagnetization. 

Irreversible effects during demagnetization were found to be negligible. We 

compensated for irreversible effects after demagnetization by extrapolation 

backward in time to the moment of demagnetization. Counting was done at 0° 

and 90° from the crystalline c axes, mostly on the 53l-keV ~ ray. The 

temperature dependence of the normalized intensity function WCOO)-WC900) for 

this ~ ray is shown in Fig. 1 for CMN and in Fig. 2 for NES. The relative 

anisotropies of the 9l-keV and 53l-keV ~ rays were studied in both CMN and 

NES, and results are shown in Table 1. A portion of the photon spectrum 

accompanying the decay of Pm147 is shown in Fig. 3. 

• 
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III. DISCUSSION OF THE Nd147 RES~S 
Several topics affected by this work are discussed separately below. 

, "A.. Spins, Multipolarities,' and Beta~Decay Parameters 

The interpretation of the nuclear orientation data in I was based on 

the observation that the angular distributions of all the gamma rays studied 

-could be"represent~d by the well-known expression w(e) = 1 + B2U2F2P2(cos'B), 

where e is the angle from the crystalline c axis. In I the orientation 

tensor B
2

' was calculated from the spin Hamiltonian of Nd3+ in the ethy1-

sulfate lattice, using the knoWn (but erroneous) temperature scale for NEB': 

'U
2

F
2 

for each 'Y rpy could then be obtained by comparing w(e) with B2 • 

We could re-interpret the old results simply by using the new temperature 

8 " 
scale, ·but we have instead chosen a way that does not require a detailed know-

" ' 

ledge either of the spin Hamiltonian or of the absolute temperature. By 

using CMNas a lattice forprientations we were able to achieve almost 

complete saturation of the nuclear orientation (Fig. 1). This provides an 

unambiguous determination ofB2 and thus of U2F 2. For the 53l-keV 'Y ray 

we foundU2F2 = - 0.300 ± 0.012. Normalization of the results for other 

'Y rays from I to this figure gave the U2F2 values set out in Table I. Also 

given are:, spin and multipolarity values that are consistent with are-analysis 

of these data together with angular correlation and conversion data •. With 

this new analysis it is not possible to set useful limits on the ratios of 

L=O to L=l character in the beta branches. Thus the "unfamiliar selection rule" 

(i.e., no LFI character) which the authors of I found puzzling does not 

exist. 
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B. The NES Temperature Scale 

Comparison of the wee) data for the 531-keV ~ ray from NES with 

U2F2(531) yielded B2(NES), shown in Fig. 2. A theoretical curve based on 

the known spin Hamiltonian (discussed at length in I) is also shown. The 

overall satisfactory agreement supports the new temperature scale, as have 

. t . S 12 Eu13 Tb14 d L 8. th· 1 tt· Th t t· exper~men s on m, , ,an u ~n ~s a ~ce. e sys elila lC 

deviations at the lowest temperatures may arise in part from errors in the 

temperature scale itself, but are almost certainly also in part due to 

(ferromagnetic) collective effects in NES. These effects would tend to 

diagonalize the spin Hamiltonian and increase B2 • 

C. Attenuation in the 91-keV State of Pm147 

A portion of the decay scheme OflNd147 is shown in Fig. 4. In earlier 

1 2 147' . . work' on Nd In. CMN, Ambler et al. found anisotropy in the angular 

distribution of the 531-keV ~ ray, but none for the 91-keV ~ ray, outside 

their sehsitivity of '7'/0. Some attenuation is expected in the 91-keV; 

15 t 1/ 2 = 2.50 nsec state from which this ~ ray proceeds. The Oxford group, 

however, using the NES lattice, found a large anisotropy in the 91-keV ~ ray 

as well. Our mea'~urements confirm the results of both groups and provide 

a value for the anisotropy of the 91-keV ~ ray in CMN. 

The results Summarized in Tables I and II clarify the experimental 

aspects of this problem. Writing the angular distribution functions for the 

91-keV ~ ray Wee) = 1 + B2U2G2F2P2(cOS e), to account for intermediate

state reorientation, and. assuming no reorientation in the 531-keV state of 

Pm147 (because it is too shor~-li ved), we may take ratios to find G~/91)cr'II/ 
G2(91)NES = 0.36. From the Ml~E2 mixing ratio of the 91-keV transition, 

• 
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. 5 
determined from L-subshell ratios, we may calculate F2(91) = + 0.259. 

Comparison with G2U2F2 = 0.202 gives G2U2 = 0.78. Since U2 ~ 1, we find 

G2(91)NES = 0.89 ± 0.11, and therefore G2(91)CMN = 0.42 ± 0.12. 

The theoretical situation regarding intermediate-state attenuation is 

far from clear. We shall not discuss it in detail because this has recently, 

rt 1 b D Ol d MO 16 Th b ° . bl been done in a survey a ic e y an~e s an ~sra. e as~c pro em 

is that no one knows what really happens to the atomic configuration in the 

intermediate state. Daniels and Misra made several calculations ofG2 

based on the assumption that daughter Pm has the same (time-independent) 

electronic c~ystal-field st'ate auring the lifetime of the 91-keV state as 

did parent Nd3+.' They found G2(91)CMN ~ 0.79 and G2(91)NES ~ 0.87. 

The former value is, as Daniels and Misra pointed out, in strong disagreement 

° .' . '0 . 0" 1-4 
~th earl~er exper~mental results. Our new quantitative values for 

G2(91) . strengthen this conclusion. It now appears, on the basis of these 

results and others that there is strong attenuation in intermediate nuclear 

states with lifetimes of a few nsec, following both ~- and EC decay. This 

was found to be the case for the 61-keV, 2.6-nsec state of Pm145 following the 

decay ~f'sm145 oriented in CMN,12 and for the 396-keV, 3.3-nsec state'of 

Lu175 follo";tng th~ decay of Yb175 orierited in'CMN. 16,17 Following the decay 

of Eu155 oriented in NES, the 86.5-keV, 6.7-nsec state showed attenuation, 

wh~le the 105;3-keV, 1.0 nsec state showed little, if any.18 Strolnn and 

"Sapp found19 no appreciable attenuation in the 145-keV, 1.9-nsec state of 

Pr141 following the decay of ce141 oriented in CMN, but did report 

attenuation in the 136-keV, 8.9-nsec state of Fe57 following the decay of 
.; , . t 

co57 oriented in CMN. N. J. Stone has found SUbstantial attenuation for this 
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20 
state in the fluorosilicate lattice, but not in the iron lattice. In fact 

there is no evidence for attenuation even for the 14.4-keV, 100-nsec state 

of Fe57 following the decay of Co57 oriented in iron. 21 These latter 

observations are expected to reflect the situation in all ferromagnetic metals, 

'wherein the conduction electrons provide a very good reducing medium and the 

electronic state comes to equilibrium in very short times. For these' cases 

spin memory should be lost Qnl~ by spin-lattice relaxation, i.e., in times of 

the order of seconds. 'Another result that appears at first to be contradictory 

is the observation by Blok and Shirley13 of essentially complete retention 

of spin memory in a l-sec isomer of Hf177 following the decay of oriented 

'Lu177• This case was exc~ptional, however, in that both Lu3+ and Hf4+ have 

no open electronic shells, making relaxation by magnetic hyperfine interaction 

unlikely. The available data on G2 are set out in Table III. 

The experimental information regarding reorientation following the decay 

of oriented nuclei is sparse, but consi~tent. The picture that is emerging 

may tentatively be sUIllIllaXized as follows: 

1. In ferromagnetic metals and for closed-shell ions in dielectrics 

2. 

reorientation'times are very long, of the order of seconds at 

10-
2 oK. However, no experimental results are 'available for the 

latter case with electron-capture decay. 

For states with Tl / 2 = 1 nsec or less there is no evidence for 

reorientation even in paramagnetic ions in dielectrics. 

• 



\' 

-7-

3. For states with Tl / 2 > 1 nsec, G2 mayor may not be 

significantly less than unity. Both lifetime (as in the Gd155 

states) and environment (NES vs. CMN for Pm145, Pm147 , and Lu175) 

appear to affect G2• 

As yet there is no demonstrated qualitative difference between the 

~ - and EC ..cases. 

In summary, :the experimental situation is .better characterized now 

than it was when Daniels and Misra made their survey, and more theoretical 

work on this problem seems justified. Time-dependent processes in the nanosecond 

region are strongly, but indirectly, suggested by (2) and (3) above. There 

is still no conclusive evidence that G2 can be reduced below the static 

hard-core value, and time-differential measurements of G2(t) are highly 

desirable. 
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IV. ON ODD-NEUTRON NUCLEI WITH A = 140 - 150 

147 . The Nd work was, done as part of a study of light rare earth by 

nuclear orientation. Some other related results are discussed below, and 

additional comments are made on neutron states in odd-A nuclei in this region. 

A. 147 . 147 Decay of Pm to the 198-keV State ln Sm 

The 198-keV state in sm147, observed in the decay23 of Eu147, is 

/ 
. 147 

thought to have 3 2- character, and should be evident in the Pm decay 

through a 198-keV ~ ray. After repeatedly purifying 10 millicuries of Pm147 

by ion exchange, we enclosed this sample in beryllium to maximize the 

~-to-bremsstrahlupg ratio and observed the photon spectrum with a Ge(Li) 

detector. In each of three runs we observed an anomaly in the smooth photon 

spectrum (which arose large~y from internal bremsstrahlung) in the 198-keV 

region. After background subtraction this anomaly became a peak which we 

interpret as the 198-keV "I ray (Fig. 3). Its intensity is (1. 2 ± 0.2) X 10-
4 

that of the 122-keV ~ ray, which is24 4 X 10-5 per disintegration. Thus 

for the 27-keV beta branch to the 198-keV level in Sm147 we find log ft 

12'.7. This is consistent with the observation25 in the decay of Pr 143 to the 

740-keV, 3/2- level in Nd143 which gave log ft > 11. The decay scheme of 

Pm147 is shown in Fig. 5. 

B. Levels in Nd143 

Nuclear orientation. was used to study the decay of Pm143 in this 

. 25 
Laboratory some time ago. The results did not permit a complete inter-

. 26 
pretation,. and it was necessary to invoke the previously reported Ml 

multipolarity of the 740-keV 'Y ray in Nd143 to permit an interpretation . 

. ..,..:d ... 
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." '. . 143 
At the time the spin and parity Pr were thought to be 5/2+, and only an 

,-

assignment of 9/2- to the 740-keV state of Nd143 was consistent ~th no observed 

143 
~ decay from Pr (log ft ~ 11.0) and with Ml multipolarity in'the 

740-keV~ray. Even this requires that the ground state of Pm143 be 7/2+ 
I 

rather than 5/2+ (to permit. the observed nonunique first-forbidden decay to 

the "9/2-'" state in Nd143 ), and the aSSignment was not compelling. 

. ;. 143 28 
·When the ground-state sp~n of Pr wasfound to be 7/2 and the large 

magnetic IliOIl).ent27 of Pm143 placed it in the wrong SChmidt' group for a 7/2+ 

proton state (but ag~eed very well with 5/2+ character), the 9/2- assignment 
<.. ". 

for the 74?-keV state became untenable. Only a 3/2- assignment is consistent 

with these spins. Ofer's Ml assignment to the 740-keV transition in Nd143 

stood in conflict with a 3/2- spin. A rough remeasurement of the conversion 

coefficient of the 740-keV transition yielded a value of 0.004, in good 

agreement with pure E2 character, but definitely excluding pure Ml 

multipolarity. Another very strong piece of evidence is the saturation value 

of B2U2F2 (740-keV l' ray). If the decay sequence is indeed 

5/2+(EC )3/2-(E2)7/2-, then this parameter is constrained by angular momentum 
" 

rules to lie between + 0.:115', (for L=l beta decay), and - 0.017 (for L=2 

beta decay), and the 'systematics of beta decay suggest a value in the upper 

27 end of this r~g·e. The experimental saturation value of B2U2F2 was 

+ 0.100 ± 0.005. The revised level assignments ~e shown in Fig. 6. 

i 
. ! 
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to explain 'W'ithout invoking the f7/2 qua.siparticle-plus-phonon basis vector. 

For this configuration, which constitutes only-about 5% of the eigenfunctions 

given by Kisslinger and Sorensen, we have 

if g(f
7

/ 2) is taken29 as -0.30. To reproduce the experimental moments of 

-0~'5 nm, these states would have to be largely f
7
/ 2 - quasiparticle-pIus-phonon, 

. 31 
rather than having jus~ 5% of this character~ Ofer and Nowik have suggested 

that this WQuld explain the moment of the 22-keV 5/2-. state in Sm149• Of 

course the 22 keVMl transition that they observe in M8ssbauer experiments 

would thEm be forbidden. With a small admixture of one-quasiparticle 

character in the 22-keV state, however, it should be possible to repr.oduce 

bothrthe observed magnetic moment and the Ml transition matrix elements. 

V. ON THREE QUASIPARTICLE "mI'RUDER" STA.TES 

Kisslinger has pointed out32 that, for larg j, nucleons in a j shell 

can: couple to form a three-quasiparticle state of spin j:-l that lies so 

low in energy as to "intrud~" into the single-quasiparticle spectrum. 

Kisslinger cited the 5/2-state in v51, the 7/2+ states in odd Ag isotopes, 

and the 9/2- states in Sn and Te isotopes as examples of such states, and 

he predicted that three quasiparticle states would be characteristic features 

of odd-mass nuclei. In earlier papers from this Laborator;3-35 essentially 

this interpretation was invoked in discussing magnetic moments in RhlOO . 

and AgIlO. It was noted35 that the g factor of any state formed from 

a jn configuration 'is just. g.. This leads to a striking diagnostic 
J 

, , , .' 



,~ 

) 
\. ... 

'\... 

-13- UCRL-18036 

criterion for the Ij 3)j_l three-quasiparticle states: their magnetic 

moments fall in the "wrong" Schmidt group for a j-l single-particle state 

of the same parity. The possible rel~vance of this to the 5/2- states in 

N = 85 and N = 87 nuclei now becomes apparent. We note that the 5/2-

first exci~ed state of V51 also involves an f7/2 shell. Taking the f7/ 2 

quasikarticle magnetic'moment as _1.06,29 a three quaSiparticle state 

would be expected to have a moment of -1.06(5/7) =-0.76 nm, in fair 
, ',' .' 147 149 

agreement with the experimental values in Sm and Sm . The magnitude 

,of ~(Nd147) is also in fair agreement (it is 0.58 nm) but the sign is 

unknown. 

In Table IV we have listed several states whose magnetic moments place 

them in the wrong Schmidt group for single-particle character. Most of these 

have been discussed in detail elsewhere,36~38 but often in contexts ,that did 

, not emphasize the simple 3-quasiparticle interpretation of the anomalous 

magnetic moments. We have included in Table IV magnetic moment estimates 

based on the empirical g factors of single-quasiparticle states in neighboring 

nuclei. Characterization of these levels as simple I jn) j -1 three 

quasiparticle states" is in some cases an oversimplification, and is no 

substitute fora detailed treatment (as given, for example, in ref. 37). 

Still,thegood agreement between the measured and estimated magnetic 

moments in Table IV supports the value of the "wrong Schmidt group" rule as 

a diagnostic guide for finding three-quasiparticle states. 

We could only speculate on whether the f
7
/ 2- quasiparticle-plus-phonon 

or the three-quasiparticle if7//)5/2 structure is correct for the lowest 

5/2-stat~s in N = 85 and N = 87 nuclei. Both are in agreement with the 
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magnetic moments' being in the wrong Schmidt group for a single quasiparticle 

state of the same spin and parity. Both would lead to small Ml transition 

matrix elements. Both are also consistent with the sudden appearance of the 

5/2- state atN = 85 but not at N = 83. Further work will be necessary 

to decide between these two interpretations. 
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Table I. Spins and ~-ray mixing ratios in Pm147. 

E(keV) , E(keV) a F L a(E L) 171" G
2
U

2
F

2 
. 

'Y 2 'Y 

91.1 5/2+ 91.1 +0.'202(14) b ~ 0.202, +O.259(7)c +O.089(5)d 

410.5 3/2+ 319.4 -0.12(2) -0.21(7) +0.55(5) 

488.2 (7/2+) 397 < 0 < 0 

531.0 5/2+ 120·5 

439.8 -0.485(80) _0.63(23)e,_0.70(2)f +0.70(9) 

531.0 -0.300(12) -0.45(8) ,-0.42(5) -0.69(32) 

685.8 5/2+ 275.4 +0.13(6) +0.18(8) ,+0.157 -0.112(6) 

685.8 -0.329(6) -0.42(9) -1. 05( 65) 

aObtained from the" saturation value for the 531-keV 'Y ray in CMN. 

bErrors in last pla'ce given parenthetically. 

% E2 

0.8(1) 

23(3 ) 

2(1) 

~2 

33(6) 

31(19) 

1.2(1) 

44(30) 

cCalculated from the known spins and the mixing ratio from ref. 5. The sign is 

from nuclear orientation data, which give F2 = +0.255(70). 

~rror taken to correspond to 0.1% error in E2 admixture, which we have 

assumed. 

eIn extract~ng F IS 
2 

from U2F2
1 s we have assumed that the 

element contributes negligibly to the beta decay intensity. 

B .. 
lJ 

matrix 

f Where a second, more accurate value of F2 is given, it was determined by 

combining nuclear orientation and other data. 

'J ., 
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Table II. Attenuation factors for the 91-keV'Y ray in cm. 

Run No. W(0)91 
a 

W( 0 )531 
l-W(0)91 

R :: 
W(O )531-1 

1 0.964(8) 1.164(14) 0.22 (5) 

:2 0.976(8) 1.145(14) 0.16
5

(6) 

3 0.972(8) 1. 213(14) 0.22
5

(4) 

4 0.960(8) 1. 213(14) 0.19(14) 

Average ratio G2U2F2(91)/G2U2F2(531) :: -0.215(3) 

Average ratio from Ge(Li) detector runs:: -0.22(3) 

Final ratio for cm = -0.22(3) 

, Ratio for NlES = -0. 61( 4) 

R (Corrected) 

0.24(5) 

0.18(6) 

0.24'( 4) 

0.20( 4 r 

~rrors .in last place given parenthetically. Only the results of runs on the 

CM1\[ lattice with a NaI(Tl) detector are presented in detail, to illustrate 

consistency. Runs under other conditions were similar. 



-20- UCRL-18036 

Table III. Summary of reorientation results for oriented nuclei. 

Electron 
T1/ 2, 

.~. 

Parent Daughter Lattice E T( OK) Decay Config. G
2 

Ref. 
"I of Parent nsec 

\ I .,. 

177I,u 177Hf NES .011 ~ 
- 4f14 109 ~1 13 many 

57Co 57Fe Fe 14.4 0.05 EC 100 ~1 21 

57Co 57Fe Fe 136.4 0.02 EC 8.9 -1 20 

57Co 57Fe CMN 136.4 0.007 EC 3d7 8.9 0.81(10) 19 

57Co 57Fe FSa 136.4 0.02 EC 3d7 S.9 0.32(2) 20 

155Eu 155Gd NES 86.5 0.011 ~ 4f6 6.7 0.26(8) lS 

155Eu 155Gd NES 105·3 0.011 ~- 4f6 1.0 0.80(9) lS 

154 Sm 145Pm NES 61 0.011 EC 4f5 2.6 Bb 12 

145Sm 145Pm CMN 61 0.003 EC 4f5 2.6 0.44(10)B 12 

175Yb 175Lu NES 396 0.02 ~ 4f13 3·3 C 22 

175Yb 175Lu 4f13 
b 

CMN 396 0.003 ~ 3·3 < C 16,18 b 
147Nd 147Pm NES 91 0.011 ~ 

- 4f3 2.5 0.S9(11) 
this 
work 

147Nd 147Pm CMN 91 0.002 ~ 4? 2.5 0.42(12) 
this 
work 

141Ce 141pr 142 0.007 - 4fl 1.0S(S) CMN ~ 1.9 19 
\ 

aDilute Nickel Fluorosilicate. 

b ~ 
Only ratios of G2(CMN)/G2(NES) obtained. 
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Table IV. ~gnetic moments in the "wrong Schmidt group". 

Nucleus E(keV) 

55Mn 

79Se 

103Ag 

109Ag 

147Nd 

147Sm 

149Sm 

o 

320 

o 

o 

o 

o 

88 

o 

122 

22 

Config. 

5/2-

5/2 -

5/2-

5/2-

7/2+ 

7/2+ 

7/2+ 

5/2 -

5/2 -

5/2- . 

+0.8 nm 

+1. 5 nm. 

+1.5 nm 

+1. 5 nm 

+0.8 'nm 

+2.7 run 

+2.7 nm 

+0.8 nm 

+0.8 nm 

+0.8 nm 

-0.79 run 

+3.78 nm 

+3.60 nm 

+3.60 nm 

-0.79 run 

+3.8(8) nm 

+3.58 nm 

+3.44 nm 

-1.02 nm 

+4,37 nm (+)4.45 nm 

+4.37 run (+)4.31 nm 

-0.76 nm -0.62 run 

-0.76 nm -0.65(43)nm 

-0.76 nm 0.58 nm 

a 
Estimat~d moment expected for a single-quasiparticle state of character In, 

based on empirical moments in neighboring nuclei. 

bEstimated moment for a three-quasiparticle state of character In, based on 

g-factors of neighboring one-quasiparticle states (either experimental or 

from ref. 29). 

cTaken from "Table of Nuclear Moments", by V. S. Shirley, Appendix C of 

"Hyperfine InteraCtions and Nuclear Radiations" (ed. by E. Matthias and 

D. A. Shirley, North-Holland, 1968). The Agl09 moment is from G. M. 

Stinson and R. G.Sununers-Gill, Physics in Canada 22, 43 (1966). 
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FIGURE CAPrIONS 

Fig. 1. Temperature dependence of the function W(0)-W(90) for the 531-keV 

147 
~ ray following the decay of Nd oriented in cerium magnesium 

nitrate, and theoretical curve based on U2F2 = 0.300. Solid angle 

correction has not been made. To make it, both data and curve should 

be divided by 0.930. 

Fig. 2. Temperature dependence of W(90)-W(0) for the 531-keV ~ ray 

from neodynium ethylsulfate. The statistical tensor B2 (right ordinate 

scale) is derived from the data using U2F2 = 0.300 and the solid 

angle correction of g2 = 0.933. Calculated curve based on the new 

temperature scale is shown. 

Fig. 3. 147 Portion of the photJn spectrum of Pm source, taken with a Ge(Li) 

detector. Lower curve is residue after subtracting bremsstrahlung 

spectrum 

Fig 4. Portion of the 147 Pm147 relevant to this work. decay Nd ~ 

Fig. 5· Decay of Pm147 to Sm147. 

Fig. 6. Decay of Pr143 and Pm143 to Nd143 . 

Fig. 7· Observed 3/2-, 5/2-, and 7/2- neutron levels for N = 83, 85, 87. 

Levels of same.spin.and N are connected. 
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