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1. INTRODUCTION 

The 153Tb nucleus is situated at the onset of deformation 
in the transition regicn from the well deformed nuclei with 
mass numbers A ~1 55 to nuclei near A., 146 which are considered 
to be essentially of spherical shape at low-energy excitations. 
Recently it has been suggested 1 1· 4 that among the odd-mass ter
bium nuclei the shape transition occurs just for the 153Tb 
nucleus. Therefore , the 153Tb nucleus provides a good possibi
lity to test the validity of nuclear models proposed to desc
ribe transitional nuclei. In this connection the studies of 
various aspects of the structure of 153Tb nucleus are of great 
importance. One of these studies is the experimental investi
gation of electromagnetic multipole matrix elements. Some ex
perimental data concerning the multipole mixing of electr o 
magnetic transitions in 153Tb have been obtained from pre
vious gamma-ray and internal conversion electron studies of 
t53oy decay (see Refs. l t-:!1 and the references cited herein). 

Several multipole mixing ratios for the transitions in 153 Tb 
have been determined 1 31 also using the gamma-gamma angular cor
relation technique. Up to now, however , no e xperimental in
formation was available about the 153 Tb ground state magnetic 
dipole moment. Theoretical inv~stigations / 5/ of the odd-mass 
terbium isotopes, made in the framework of non-adiabatic model 
with Coriolis coupling , have recently appeared, which predict 
the 153 Tb ground state magnetic moment to be /L: 3.34Jt N. 

The aim of the present study was to measure the magnetic 
dipole hyperfine splitting in l53Tb(Gd) using low-temperature 
nuclear orientation technique and to provide experimental data 
on the magnetic dipole moment of the 153Tb ground state. 
The temperature dependence of angular distribution of the 
212 . 0 keV gamma-ray following the electron capture decay of 
2 .4 d 153Tb has been measured at temperatures between 16 and 
70 mK. This study is a continuation o f our investigation of the 
decay of oriented 155Tb(Gd) reported recently 16 1• in which 
some aspects of the method of present experiment and analysis 
of data have already been described in more detail. 
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2 . EXPERIMENTAL PROCEDURE 

2.1. Sample Preparatio~ 

The l63Tb isotope was produced using the spallation reac
tion on tantalum induced by 660 MeV protons at JINR synchro
cyclotron. The 163Tb was separated by mass-separator and 
implanted into a gadolinium foil. Afterwards, the thermal and 
mechanical t reatment of the l63T~Gd) sample described in 
Ref. 161 has been performed. Concentration of 163Tb atoms in 
the gadolinium host was estimated not to exceed 10-6 At %. 

2.2. Experimental Apparatus 

The orientation of 163Tb nuclei was achieved by means of 
the SPIN-facility / 7/ which can use the hyperfine field in fer
romagnetic hosts and the ultra-low temperatures to polarize 
ensembles of radioactive nuclei . A 57 Co(Fe)nuclear orientation 
thermometer was used to determine the temperature of the 
163T~Gd) sample. Magnetic domains of gadolinium and iron hosts 
were polarized by applying an external magnetic field of 0 . 85 T. 

The low-energy gamma-rays below 300 keV were detected . For 
this purpose a planar X -ray Ce(Li) detector of 5 mm thick
ness and 50 mm2 area which gave 0 . 55 keV resolution (FWHM) at 
122 keV energy was used. The detector was positioned at angle 
8 =" related to external magnetic field direction . The sample
to-detector distance was 8 em. 

2.3 . Measurements and Results 

The measurement of gamma-ray angular distribution function 
W (0, T) was carried out for the set of 15 temperatures 1' se

lected in the interval from 16 to 70 mK. Because of poor tempe
rature sensitivity of the 57 Co(Fe) nuclear orientation thermo
meter measurements at temperatures T above 70 mK were not rea
sonable. To normalize the gamma- ray intensities, several spect
ra were collected at temperature To"' lK for which the gamma
ray angular distribution became isotropic . Typical running 
time at an adjusted temperature was 8000 s. The photopeak 
areas AT (O) a nd their mean square deviations were evaluated 
by computer code SIMP {Ref . / 8/ ). In Fig . l, the experimental 
normalized intensities 
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Fig. I. The plot of normalized intensity W of the 
212.0 keV gamma-ray transition in 163 Gd versus the 
normalized intensity 0 of the 136.5 keV gamma-ray 
transition of 67Co(Fe) nuclear orientation thermo
meter. Temperature scale is also shown. Circles 
with crosses stand for measured quantities and their 
mean-square deviations. Full lines mean the calcu
lated curves for zero limit value of P-parameter 
for 163 Tb(Gd) and for the optimal value of K2 = 
=-0.212 provided by our experiment . Curves a and b 
were obtained for the optimal value of the magnetic 
dipole hyperfine splitting parameter for 1 63 Tb(G~ 
a 0 = 1.4xi0-5 eV and the lower limit a 0 = 1.2xlo-6 eV 
provided by present experimental data , respectively. 

1.0 

of the 212.0 keV gamma-ray transition in 153 Gd are plotted 
versus corresponding normalized intensities ne xp of the 
136 . 5 keV gamma-ray of the 67 Co (Fe) nuclear orientation ther
mometer . 

3. ANALYSIS AND RESULTS 

As can be seen from ~. the anisotropies for the 
212.0 keV gamma-ray measured at the low-temperature part of 
the curve are close to the value (1- W(O) ) =0.27 observed in 
recent decay study 191 of 163Tb(Gd) oriented at temperature 
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T=l5 mK. Note that the sample preparation procedure used 
in Ref. 19 1 was essentially the same as that used in the pre
sent work. Our experimental anisotropies appeared to be nearly 
constant below 40 mK and changed only slightly when tempera 
ture approached 70 mK. This considerably restricts the amount 
of information about the magnetic dipole hyperfine splitting 
parameter for 153Tb(Gd) which could be obtained from analysis 
of measured temperature dependence and indicates that the hy
perfine splitting energy for 153Th(Gd) should be rather large. 

The gamma-ray transition at 212.0 keV is known 9, 10 to be 
pure El-transition which proceeds from a 3/2+ -level to the 
ground state of 153 Gd. The 15~h ground state spin was mea
sured 1111 as l o=5/ 2. Hence the theoretical angular distribution 
function W(O, T) for this transition involves the zeroth and 
second order terms only and can be written 161 as 

W(8 = rr, T{{1)) = 1 + K 2·B2(Io= 5/2, a
0

, P . T(n)). (1) 

Normalized gamma-ray intensity 0 of the nuclear orientation 
thermometer line at 136.5 keV was introduced as an independent 
variable in eq . ( 1) . The dependence of 'II ( e , T(n)) on the sample 
temperature T and the magnetic dipole and electric quadrupole 
hyperfine splitting parameters 161 of 153Tb(Gd),ao=I.L Herr/ I 0 and 
P <= 3eVzzQ 10 / (41 0 (210 - 1) ) . respectively, come through nuc
lear orientation coefficient B2 only. 

The x 2 -functional defined as 

15 
X 2 a I 

I = I 

(W(8 = rr, T(O i )) -W ~xp )2 

(72 
l 

(2) 

was examined, in which W ~xp and cr f were the above-speci-
fied experimental normalized gamma-ray intensities and their 
mean square deviations, respectively. The parameters K2 , a 0 
and P were varied . The minimum value of X 2 and the optimal 
value of K2 =-0.212( 5) found in our analysis appeared to be 
independent of P in the wide range of P -values considered, 
while the optimal value of a 0-parameter increased linearly 
from 1. 4xl0 -5 to 2. 2x1o-5 eV when P was risen from zero to 
2 . 0x1o-6 ev . 

Independent knowledge on the electric quadrupole hyperfine 
splitting for 153Th(Gd) is necessary if one wants to deduce 
information on the magnetic dipole hyperfine splitting para
meter from our experimental data . The systematics of data 
about the hyperfine interactions in the rare earth metals 1121 

have suggested the electric field gradient V z z for Tb(Gd) to 
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£i.s..:.l· The pl ot of A 2 -value 
(divided by the number of 
degrees of freedom) versus 
parameter a 0 of magnetic 
dipole hyperfine splitting 
fo r 153Tb(Gd) .Both the 
cu rves were obtained for the 
optimal value of K2 =-0. 212. 
The curves a and b corres
pond to limit P-values for 
!53 Tb(Gd) zero and 

Sxi0-7 eV , r espect ively , 
as discussed in text. The 
estimated 95% conf idence 
level c is also inserted. 

be positive. The 153Th nuc
leus has been indicated by 
experimental results l t-3 ' 

to have a small prolate g round 
state deformation, which did 
not exceed that of 1591b 
nucleus . Then the P-parame
ter for t53Th(Gd) should 
be expected to lie between 
P = O and 5x10-7 eV . The 
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P !59 last value was calculated from the -value for Tb(Gd) mea-
sured 1 131 as P =1.45 (1) x 1o-6 ev and from known ' 14 1 quadrupo l e 
moment of the 159 Th ground state Q10 =1. 34(11)xlo-28m2 . 

Under these conditions the lower limit of ia 0 1 ~ 1.2xlo-5 eV 
has been estimated for 153Tb(Gd) from our experimental data 
considering the confidence level higher than 95%. This is il
lustrated by Fig.2 . The confidence region was found following 
the procedure-recommended in Ref.1151. The magnetic h~erfine 
field for Tb(Gd) is known from NMR-measurements 131 to be 
H hr = 303(3)T. Hence, the limit on the value of magnetic di
pole moment 11 of 153Th ground state can be set as IPI ~ 
~1.6x1o-26J/T (i. e., 3.1 flN ) . As can be seen from Fig.2, no 
reasonable upper limit of parameters la0 I and I.L could be de
duced from our experimental data, 

The value of p = 3.3411 N predicted for 153Tb ground state 
by the calculations/5I mentioned above is in accordance with 
the experimental limit provided by the pr0.sent work. 
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