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T."ABSTRACT
Promethium-143 has been oriented in a crystal of neodymium ethyl-
sulfate. The angular distribution of the 740-kev y ray was found to be

W(6)=1-(0.060% 0.006)P2(c039) at 0.02°K. Values for the mixing ratio, 8,

of the 740-kev y ray of Nd143 were obtained as a function of the magnetic

moment of the ground state of Pm143. The spin of the excited state of Nd143
was assigned as 9/2-... An absolute lower limit of ‘p‘ >1.0 was set on the

, ' 4
magnetic: moment of Pm143. The mixing ratio of the y- ‘ray of Nd1 3 was

found to lie in the range -0.23<§ (E2/M1)< 0.35..
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INTRODUCTION

Several authors have desc;’ibed the decay of Pm143. The most de-
tailed work was done by Ofer. ! This investigation included y-ray spectra,
y-ray--x-ray coincidence spectra, and internal-conversion coefficients.
Ofer observed only one y ray, which had an energy of 740 kev, and he deter-
mined that 45% of electron capture went to the excited level and 55%directly
to the spin -7/2--ground state of Nd143

Recent experiments have shown that promethium nuclei can be‘orientea
in the ethylsulfate lattice, 2 and we have carried out low temperature nuclear

. . . 143
orientation experiments to study the decay of Pm .

EXPERIMENTAL

Praseodymium oxide, Pr203, was bombarded with 35-Mev helium
ions to produce an (a, 2n) reaction. This enefgy was chosen to minimize
the amouﬁt of Prn14 produced. The Prn-}-3 was separated from the Pr+3 on
a cation-exchange column by the method described by Thompson, Harvey,
Choppin, and Seaborg. 3 The PmCl3 solution was evaporated to dryness and
taken up in a neodymium ethylsulfate solution. A crystal of Nd(CZHBSO4)3' 9H,0
weighing about 5 g was grown, incorporating Pm+3 into the Nd-F3 ‘l‘attice sites.

the crystal was mounted in a demagnetization cryostat with the c axis
horizontal, The counter was mounted on a table which rolled along tracks in

the floor, After demagnetization, the counter was moved into position and the

table locked in place. Counting was done at demagnetization temperatures
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and then, for normalization, at the helium~bath temperature. A 3-by-3-in.
cylindrical NaI(T1l) crystal and a 100-channel pulse-height analyzer were used.
The magnetic temperature of the neodymium ethylsulfate crystal was measured

with coils and an ac mutual-inductance bridge.
RESULTS

The angular distribution of the 740-kev y ray was found to obey the
equation W(6) =1-(0.060% 0.006)P, (cos6) at 0.02°K (Fig. 1), where 6 is the
angle between the direction of propégation and the crystalline c¢ axis. The
ratio of cold to warm counting rate at =0 deg as a function of reciprocal
temperature is shown in Fig. 2 and Table I. The absolute temperature was
calculated from the magnetic temperature by using the data of Meyer4 with

an appropriate correction for the demagnetization factor of the crystal.
DISCUSSION

The interpretation of nuclear-orientation experiments is greatly
facilitated by paramagnetic -resonance data on atomic energy levels and hyper-
fine structure. In the absence of such work for proﬁqethium, we have resorted
to interpolation of crystal-field parameters from neighboring rare earth
elements.

. . 143 . .
The energy levels of the tripositive Pm in neodymium ethylsulfate

may be calculated by using the Hamiltonian:

2 1

V\»_[__ - ]
/%—g“;ﬁHZSZ+A-SZIZ+ AXSX+AYsy+P[IZ 5 [(I+1)] +CS_(S; _+5, ).

The last term represents dipole-dipole interactions with the two nea.rest—
neighbor Nd+3 ions, > and the other terms have their usual significance. The
term in P can be shown to be negligible in this case for purposes of nuclear
alignment. 6 A value of 0.0039 cm—1 was used for c, and a value of 0.014 cm

was used for A, where AZ =AXZ+AY2.
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Tripositive promethium is a non-Kramers ion with the configuration

4f4. By Hund's rule, the ground term of the free ion is 514, and calculations

indicate that in the ethylsulfate lattice the lowest level is a doublet composed .

of admixtures of the states | Jz =+£4>and Jz =& 2>, 6 The magnetic hyper-

fine-structure constant, A, was calculated to be (0.019+£0.002) (p./I) cm_1

by use of crystal-field theory. 6

Experimentally, Ofer found the 740-kev y ray to be predominantly Ml, !

but the experimental uncertainty precludes an accurate determination of how

much E2 admixture may be present. The K conversion coefficient reported

is (6.5£1) X 10—3. The theoretical value interpolated from the tables of Sliv

and Band7 is 5.5><10_3 for an M1 transition and 3.4)(1'0_3 for an E2 transition.
Thus the spin and parity of the excited state of Nd143 may be 5/2-, 7/2- or

9/2-.

The spins of Prnl43 and of the excited state may be inferred from the

following evidence: James and Bingham have found M4 isomerism in 81-

1 . 1
neutron Sm 43,8 which strongly suggests that the ground state of Sm 43 is d3/2

141 139 137 135 133
e , Ba , Xe

like its isotones, Nd , C B X , and Te ~~. The log ft~5

for positron decay of Sm143 to Pm143 appears to indicate allowed decay and
precludes a spin change of greater than one. Ofer gives an estimate of

log ft = 8.8 for the decay of Pm143_to the 7/2- ground state of Nd143, and
log ft = 8.5 for decay to the excited state, indicating first.-forbidden decay.

No nuclear y rays have been observed in the decay of Pr143, and
Starfelt and Cederlund set an upper limit of 10_3% on y rays in the inner
bremsstrahlung spectrum (E'\(< 600 kev. ).‘9 . A similar limit may be set on the
740-kev y ray in this decay, 1_0 and a lower limit of log ft > 10.5 may thus
be obtained for beta branching to the 740-kev state of ‘Nd143. This beta decay

thus probably involves a spin change of at least 2. The most likely ground
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state 'assignment of the odd proton in Pr143 is 5/2+. Then only spin and

4
parity 9/2- seem admissable for the excited state of Nd1 3, involving the odd

neutron in an h9/2 orbit. -
Way et al have suggested that there is a low-lying 5/2+ level in ™ -
Prn143 -11 This would account very well for the fast beta decay from Sm143,

with subsequent y-ray de-excitation to a 7/2+ ground state. These two states
are close in energy in other odd promethium isotopes. 1 The only level
scheme that is compafible with all the data is shown in Fig. 3, and the analysis
of our results will be baséd on this scheme « We feel some degree of reserva-
tion in this interpretation, since the theoretical work of Kisslinger and Sorensen
predicts that the ground state of Pm 14¢3 is 5/2+, with the 7/2+ level an excited
state.

On shell-model grounds it seems unlikely thatthe 740-kev state in
83-neutron Nd143 would be other than 9/2-, corresponding to the h9/2
orbital. We cannot be quite so confident of our beta-decay ft-~value arguments

that the ground state of Pm143 is 7/2+ and not 5/2+. The log ft of 8.5 for

43 to the excited state is high enough that AI =2, yes character

decay of Prn1
is not precluded,

The analysis to follow is based on the assumption that the Pn’l143 spin
is 7/2+. 1If the spin were to be measured as 5/2, the necessary reinterpreta-
tion of our data would still give a relationship between & and p similar to that
of Fig. 4.

The anisotropy of the radiation as a function of temperature was fitted
to the theoretical function W(6) =1 +B2(T)UZF2P2(cos 6), where FZ is the
usual function of gamma multipolarities and initial and finél spins for the
gamma transition. The term U, depends on the unobserved preceding beta

radiationand isameasure of the degree of realignment caused by the beta radia-

tion . This notation is explained in the review article by Blin-Stoyle and Grace.
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At this point the interpretation of this work becomes somewhat tenta-
tive, because the anisotropy of the 740-kev y ray depends on the mixing ratio,
§(E2/M1), and on the magnetic moment of the ground state of Pm143. In
Fig. 4 is shown the functional relationship between 6§ and |p |as derived from
the anisotropy data. Clearly, lower limits of §>0.23 and [p | > 1.0 may be |
set from this work alone . According to the conversion—cvoefficient data, this
transition is essentially pure Ml, with the limits of error just including this
multipolarityv. .The results presented herenecéssitate an E2 admixture of
at least 5% Indeed a pure MI transition would require the anisotropy to have
a sign opposite to that observed. Assumiﬁg that the magnetic moment of

143 |

Pm lies between the Schmidt and Dirac limits of 1.72 and 3.11, respectively,

we find - 0.23< 6 (E2/M1)<-0.35. Thus the transition is 8 £ 3% quadrupole.
\
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Table I. Temperature dependence of the anisotropy.

11" 1/T | 10degT)
I(0deg, 1°K)
11.2 11.4 | 0.008
11.4 11.9 o 0.004
11.7 12.3 | 0.003
17.3 19.4 0.017
21.9 24.7 0.019
23.1 27.0 | 0.028
25.6 29.6 0.026
26.7 31.8 | | 0.042
29.5 34.4 | 0.031
30.5 35.6 0.040
31.5 38.6 0.049
33.5 42.6 0.051
33.1 44 .8 ' 0.055
33.8 47.6 0.061
34.4 50.0 0.068
34.6 . 51.0 0.072

35.7 54.4 | 0.071
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FIGURE LEGENDS

Fig‘. 1. Dependence of 1-[I(0.020°K) / I(1.2°K)] for the 740-kev y ray of
Pn’ll‘]‘3 on the angle 6 between the detector and the crystalline axis.
The curve is 0.06 PZ(cos 6).

Fig. 2. Observed variation with 1/T of 1-[I(0 deg., T) /I (0 deg., 1°K)]
for the 740-kev y ray of Pml43. -

Fig. 3. Proposed level for several nuclei with A=143. Numbers on arrows
denote log-ft values. Only indirect evidence is available for the excited
staté of Prn143 (see text and reference 11).

. Fig. 4. Functional relationship between the magnetic moment of Pml43 and

the E2/M1 mixing ratio of the 740-kev y ray of Nd143, as determined by

this experiment. Width of line includes experimental error.
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MU-22708

Fig. 3.
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MU-22709

Fig. 4.



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



