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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The magnetic hyPerfine interaction of'ZOhBi in iron and nickel
has been studied by thermal equilibrium nuclear orientation technique.
For temperatures < 0.1 K the following magnetic hyperfine fields were

derived: th(Fe) = 1180 * 130 kOe and th(Ni) = 325 % 35 kOe.

Magnetic hyperfine fields on impurities in ferromagnetic host metals
have been studied in the past for a large number of elements, but so far only
very few experimental data are available for the heavy eiements with 2 > 80.
Recently the discrepancy in the measured fields for lead in Fe (Co and Ni) has
been clarified by means of the time-differential perturbed angular correlation
technique (DPAC) [1] and by channelling experiments [2]. 1In this context the
fields at bismuth became of increased interest. We report here on measurements

of the magnetic fields at bismuth in Fe and Ni by thermal equilibrium nueleaf

orientation of 2OhBi.
k e 2%Bi activity (T, ), = 11.3 h) was produced by the 2068y (p,3n)° "1
;} reaction with 30 MeV protons on a 99f8% enriched 2OéPbSOh-target. The carrier

L. .o .
free 20 Bi activity, obtained by anion exchange separation, was precipitated
with 50 mg Fe(OH)3 carrier, heated to form the mixed oxides, and reduced in
hydrogen at 800°C. The samples were quickly melted in a hydrogen stream without

excessive loss of activity and quenched to room temperature in less than 10 seconds.
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é'2OhBi(Ei) sample was preparéd in a similar way.

60

Th

Co(Fe) thermometer the Bi samples were attached with

Togéfhef with a
Bi~Cd solder to the copper fin of an.adiabatic demagnetization apparatus. Using
CMN as & coolihg salt, the lowest temperatures:feached were 0.005 K;' A supercon-~
ducting‘Helmholtz pair, opefated invpersistent mode, was employéd tovmagnetize
the séﬁplés in a field of 4 kOe. Gamma ray spee£ra parallel and perbendicular to
the‘polarizing field were tékeh during the warm-up of’t%e samples over a typical
period of 8-houfs with high resolution Gé(Li) detectors. After'bagkgrouhd and
decay cofrectiohs, the anisotropies were obtained forvthe 899 keV, 912.keV, and

98L keV y lines of 2Oth as well as for the 60Co Y'linés, ‘Fig. 1 shows the
S 20k

temperature dependence of the anisotropy of the 984 kéVvY transition in "~ Pb

. |
measured With'the 2OhBi(F ) sample. .The data were least-squares fitted for a _

nuclear spin I = 6, using the hyperfine interaction |UH|.and an amplitude factor

as free parameters. All the measured samples were also investigated at room

204

temperature by DPAC of the 127k keV state of Pb (Tl/ = 290 ns), using the

2

912 - 375 keV Y cascade, in order to check the samples. In all cases the éame-
g . . : vecs op 20Mmn Lo : .
fields as previously observed for sources of b in Fe and Ni were obtained.

The insert in fig. 1 shows as an example the spin rotation of the 1274 keV

state as observed with one of our 2OhBi(Eg)vsamples. The modulation frequency
obtained from a least-squares fit corresponds to an internal field at the Pb
‘nucleus of +262 * 5 kOe, in very good agreement with the result quoted in

ref. 1 and 3.

20k
Po (T,

anisotropieé of‘the:899 kerand 912 keV Y lines'do not'neCessarily have to show

Due to the intermediate 9~ state in N = 66.9_min.)_the

the same temperature dependence as the dne of the 98h kéV Y transition. This

transition is not fed by the 9 state of EOth, while about 60% of the 912 keV

-~
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Y transition and less than 15% of the 899 keV vy transition occur via the 9"
state. However, the effects of'a reorientation of the 9— state on the temperature

dependence of the y-ray anisotropies can be neglected, because of the much

smaller hyperfine interaction expected for this state as compared to the 2OhBi

groundstate. Within statistical accuracy the least-squares fits of the aniso-

tropy'curves for the three Y lines yield the same values for the magnetic

EOhBi(F ) and 2OhBi(E1) are

splitting. As a final result the mean values for
given in table 1.

The resﬁlts of recent channelling experiments on T1l, Pb and Bi impurities
in an iron lattice [2] provide evidence, that the‘hyperfine field of 262 kOe
measured for Pb(Fe) is associated with the substitutional site for lead. We

EOth(Eg), measured on the

20k

therefore may conclude from our DPAC results for

same sample as used for our orientation work, that our field value for Bi(Fe)

is also asscociated with_the substitutional site. The same argument applies for

Bi(g;);

2OhBi(Ni)vcan be compared with the

Our value for the hyperfine field for Ni
' 227

211

result of a previous IPAC measurement on Bi(Ni), using an Ac(Ni) source:

th = +160 * 30 kOe [5]. This value is by a factor of two smaller thanh our

~result. The ratio of the hyperfine fields found in the present experiment for

Fe end Ni hosts agrees very well with the ratio of the magnetic moments per atom
of the ferromagnetic host lattices. If we assume‘the positive sign for our
field values, they agree also rather Well with the predictions of the phenemeno-
logical theory of Balabano# and Delyagin [6], namely +935 kOe for Bi(Fe) and

+255 kOe for Bi(Ni), respectively.
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TABLE 1. Magnetic hyperfine fields on Bi in iron and

nickel at temperatures T < 0.1 K.

JuH] c o Hps * .
. 3
‘Host o [10f18erg] _ | ‘ [kx0e] ' B
Fe 25.4 £ 2.9 1180 + 130
N S 7.0%0.8 325 % 35

'FIGURE CAPTION .

Fig. 1. Temperature dependence of W(0) - 1 for the 98% keV y-rays, emitted
from the_polarized 2OhBi(Eg) source.  The insert shows the spin rotation
of the 127h keV state of 2Oth, measured with the same sample at room

temperature. The solid curves are the results of least~squares fits.
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