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NUCLEAR MOMENT OF Ce137m BY NUCLEAR ALIGNMENT* 

J. N. Haag, C. E. Johnson/D. A. S!liLrley, and D. H. Templeton 

1Lawrence-Radiation Laboratory and Department of Chemistry 

University of California, Berkeley, ·California 

July, 1960 

ABSTRACT 

Nuclei of Cel37 and Cel37m have been aligned at low temperatures in 

a single crystal of neodymium ethylsulfate nonahydrate by means of the magnetic 

hfs coupling with the electrons of the Ce+3 ions. The anisotropy of their 

gamma radiation has been observed. The magnetic moment of Ce137m is 1~N1 ,= 

0.96 ± 0.09 nm. ·The spin of Cel37m is established as 11/2~ 

* Work performed under the auspices of the U. S. Atomic Energy Commission. 

t Present address: Atomic Energy Research Establishment, Harwell, England. 
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Nuclear Moment of Ce137m ny Nuclear Alignment 

J. N. Haag, C. E. Johnson, D. A. Shirley, and David H. Templeton 

Lawrence Radiation Laboratory and Department of Chemistry 

University of California, Berkeley, California 

l. INTRODUCTION 

Cerium-137 is one of a large group of nuclides which has an h11; 2 

isomeric state that decays by emission of M4 radiation to a d
3

/ 2 ground state. 

Brosi and Ketell~1 have studied this isomeric transition and the electron­

capture decay of the ground state to Lal37 by gamma-ray, coincidence, and 

conversion-electron-spectroscopic techniques. ·Their results lead to the 

energy-level scheme shown .. in Fig. 1. A ~ / 2 orbital was assigned to the 

ground state of La137 from its observed second-forbidden beta decay to Ba137 

(spin 3/2), and a d
5

/ 2 state to the f~rst excited state from the Ml character 

of the 10-kev gamma ray. The shell model is in good agreement with these 

assignments, and further ?redicts that the 455-kev level is either in a s1; 2 

or a d
3

/ 2 state. 

We have measured the magnetic moment of Cel37m by aligning ce137m 

nuclei and measuring the anisotropic distribution of the gamma radiation . 

. Further information was obtained about the decay scheme of Cel37, which was 

.also aligned. 

. 2 . EXPERIMENTAL PROCEDURE 

Cerium-137m was prepared by a (p ,3n) reaction of 211-Mev protons on 

natural lanthanum (99.911% Lal39) in the ORNL 86-inch cyclotron. Cerium was 

separated from the target material by oxidation to the +4 state, followed by 

solvent extraction, 2 which yd.elded about 1012 atoms of Oel37m. The cerium 

was then reduced to the +3 state and grown into a single crystal of neodymium 
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ethylsulfate nonahydrate so that it replaced some of the Nd+3 ions. The crystal 

was mounted .in a demagnetization cryostat. Previous experiments3 ' 4 on Cel39 

and Ce
141 

had shown that nuclear alignment of the cerium isotopes was pro-

duced by cooling such a crystal to very low temperatures. 

The crystal was cooled by adiabatic demagnetization from l.l°K and 

fields of up to 18000 gauss. The intensity of the gamma radiation was measured 

at several temperatures between .0.02- and Ll°K for a series of angles ~ 

defined by the direction of propa~tion of the gamma r~diation with respect 

to the trigonal axis of the crystal. The ~mma rays were counted using 

3- x 3-in. Nai(Tl) crystals and 100-channel pulse-height analyzers. The 

spectrum obtained is' shown in Fig. 2 .. The peaks due -to the 255-kev isomeric 

transition of Cel37m, the 4~~-kev gamma ray of Lal37, and the 165-kev ~mma 

ray of Lal39 (from the decay of ce139, which was present as an impurity) are 

clearly resolved. -The decay of these gamma rays was followed over 10 half­

lives of the Ce137m, and no other peaks were observed. 

The magnetic temperature of the crystal after demagnetization was 

determined by measuring the mutual .inductance of a pair of coils surrounding 

the crystal, using a 20-cycle/sec ac mutual-inductance bridge. The coils.were 

calibrated in the liquid helium range of 4.2- to 1.1°K a~inst a helium vapor­

pressure thermometer. From the data of Meyer,5 the absolute temperatures T 

reached after an adiabatic demagnetization from an initial temperature-T.= 1.1°K, 
1. 

and various fields of H. were known. A correlation between T and T* was 
1. 

determined by extrapolating our value of the magnetic temperature, T*<to~the 

time of demagnetization. 
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Fig. 2. Gamma~ray pulse-height spectrum at l.l~ (solid line) and at 0.02 K J 

(dashed line) . ./ 
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The time taken for the ~emperature to rise from the lowest temperatures 

reached to that of the helium bath (1.1°K) was over an hour, but in order to 

avoid errors due to inhomogeneous heating of the crystal, the gamma-ray count-

ing and the susceptibility measurements were continued for only one minute 

after the demagnetization. 0 The crystal was then warmed.to 1.1 K by the intra-

duotiQn Gf helium exchange gas. A further one-minute gamma-ray count at 1.1 °K 

was then taken for normalization. Tfy.f! gamma radiation was isotropic within 

experimental error at this temperature. The gamma-ray counth1g va.tes were 

corrected for background and finite counter size effects,
6 

and the anisotropies 

e: = 1-'I(O deg)/1(90 deg), were evaluated as a function of temperature. 

3. REPULTS 

The anisotropy of the 255-kev gamma ray of Ce137m Plotted versus 1/T 

is shown in Fig. 3. 

The intensity of the 255-kev gamma ray at O.Ol8°K is shown as a 

function of·& in Fig. 4. This angular distribution, express7din Legendre 

polynomials, was found to be 

I(&) = 1 - (0.70 ± 0.06) P2(cos &) + (0.05 ± 0.01) ':1;'
4 

(cos &) . (1) 

At the same temperature, the intensity angular distribution of the 445-kev 

gamma ray was 

I(&)= 1- (0~~1.0 ± 0.02) ;pt2Q(cos &), 

and the 165-kev gamma ray of Cel39 showed an anisotropy of approximately 
. ' 3 

- 0.13 ± 0.03. The latter result agrees with the data of Grace, et al. 
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Fig. 4. Angular distribution of the 255-kev y-ray at C.Ol8°K. The line 
corresponds to I (&) = l - 0.70 P2 (cos&)+ 0.05. P4 (cos~). e lst quadrant, II 2nd quadrant, ! 4~h quadrant. 
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4. . DISCUSSION 

Determination of the Magnetic Moment of Cel37m. 

The angu.lar distribution of garriril.a radiation from aligned nuclei is 

given7 by 

I(&) (2) 

The Bk's are a measure of the ~egree·of orientation of the parent nucleus. 

The Uk j s describe the amount oof nuclear re-orientatio~ that takes. place 

during any unobserved beta or gamma transitions preceding the observed gamma· 

ray. The Fk's are constants determined by the multipolarity and the initial 

and final spins of the observed gamma transition. 

'l'he crystal field-theory of Ce + 3 in the ethylsulfa te lattice has been 

worked out in detail by Elliott and Stevens,8 and onlya.brief account will 

be given here. 

The free ion Ce+3 has the configu.ration 4f1 and the ground term is 

2 
F

5
; 2 · In a trigonal crystalline field this term is split into doublets which 

may be characterized in the first approximation by I± {). ·In the ethylsulfate 

lattic.eJ however, the lowest Kramers' doublet which is made mostly of the state 

I ± 5/2), contains in addition, admixtures of other state~.1 from the 
2
F

5
/ 2 

. 2 ground term as well as from the next term F
712 

.. It is, of course, essential 

that these admixtures be taken into.account in calculating the nuclear mag-

netic-moment from hyperfine-structure constants. 

The effective spin-Hamiltonian for the ·lowest Kramers' doublet of 

Ce1 37m in the ethylsulfate is 

ASI z z 
2 l 

+ B(S I + S I)+ P[Iz - -
3 

I (I+ 1)]. 
X X y Y 

L 

L.•· 

\ 
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The last term can be shown to have a negligible effect on nuclear a~ignment 

in this cas~ by using the theory of Elliott and Stevens9 to calculate P and 

by using Q = 0.3 barns for an (h11; 2 )9 neutron configuration.
10 

The terms 

in B alter the energy levels of the hyperfine-structure multiplet slightly, 

and this has been taken into account. The energy levels . Of ithi·s I)lirult.4>.J.et 

then given approximately by twelve doublets I± I ), separated-by A/2. In 
z 

o 137m -going from 1.1 to 0 .02 K the percentage of the Ce nuclei occupying the -

lowest doublet changes from 8.3% to 37%. 

For the 255-kev isomeric transition in Cel37m there are no unobserved 

preceding transitions, and u2 = u4 = 1 .. Thus, equation (2) becomes 

I(&) = 1 - 0 .f3890 B2:~2 (cos &) + 0.44 34 B~-P4 ~(c:os &) , 

M4 for the spin sequence 11/2 ----> 3/2 or 

for the spin sequence 9/2 M4 > 3/2. The functions B2 ~d B4 depend on the 

single parameter ~ = 2~T' and by varying A it is possible to fit the tempera­

ture dependence of the ani.sotropy for either spin sequence. Using the values 

of A which best fit the temperature dependence, we have calculated the angular 

distribution of the 255-kev y-ray at O.Ol8°K from each of the above expressions. 

The results are: 

I(&) 1 - 0.65 P2 (cos&) + 0.04 P4 (cos&), for I 11/2, 

I(&) = 1 - 0.60 P2 {cos&) + 0.02 Pd (cos &), for I = 9/2. 
I 
/ 

(3) 

( 4) 

Comparison with equation (1) shows that (4) is in disagreement with it. Thus 

tpe spin possibility .of 9/2 is elimin~ted for Cel37m. -We are not aware of any 
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direct measurementsLof the spinofll/2 for the h11; 2 - d
3
/ 2 isomers, 

therefore this measurement offers the .most direct evidence available for this 

spin assignment. 

-1 
The value.for A obtained in (3) above is IAI = 0.0129 em By use -of 

the theory of Elliott and Stevens for the ground doublet, together with_the 

value of (r-3) obtained.by.Judd and Lindgren,
11

_we calculate 

. ; -1 . I -1 A= 0.074 ll1f I em , B = 0.002 llN' I .em . 

Comparison with our value for A_yields 

The limits.of error were obtained from the.scatter of the experimental points. 

~ecause this.is.the.first nucleus with I 11/2 for which the magnetic 

moment has been measured, we have included (Fig. 5) the Schmidt diagram for 

even-odd nuclei. The moments for nuclei. with j < 11/2 were taken from the 

-Table of Isotopes~ 12 We note that Cel37m follows the trend in that the 

magnetic moment is about halfway between the Schmidt limit and the Dirac limit. 

The Nuclear Alignment of Cel37 

.Since the half-li;fe of Ce137,(9 hours) is long.compared with the 

nuclear spin-lattice relax:ation time, the anisotropy of its gamma radiation 

does not depend on_ the preceding isomeric transition of Cel37m. 

Our observation of an anisotropy. in the 445-kev gamma ray immediately 

shows that the-455-kev state of ta137 cannot have ·a spin of 1/2, because this 

would show an isotropic gamma-raydistribution •. Thus_the spins 3/2 or 5/2 

are consistent with our data. This spin assignment and a determination of the 

magnetic moment of Cel37. could be made from a measurement of the plane polari-

zation of the 445-kev gamma ray in addition to its .anisotropy .. From the 

L 
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Schmidt diagram for nuclei with an unpaired neutron. 
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present data it is concluded that if the 455-kev level has a spin of 3/2, then 

the gamma ray must be a mixed Ml-E2 radiation with o(E2/Ml) < 0. 
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