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" MAGNETIC MDMENT OF THE 12 ISOMER OF 196 +

F. Bacon, G. Kaindl, H.-E. Mennke' ', and D. A. Shirley
‘Lawrence Berkeley Laboratory
University of California -
Berkeley, California 94720

! _l-' . :  ‘September 1971

~ The maQﬁetic’hyperfine interaction of the 127 state of l96Au in Fe and

Ni has been determined by low-temperature nuclear orientation. A value of
u(127) = #5.35%0.20 n.m. was derived using the hyperfine fields of 97> 198Au(§g)~

and cqrrecting for hyperfine anomalies.

- . =

fj,A»measurement of the magnetic moment of the 12  isomer of‘196Au
' i+ + 8 h -
(Tl/ = 9. 7 h) is desirable for teqting s interpre tation es e n “11/2 .
v 113/2+] 12" shell model configuration [1.]. We have used thermal equilibrium

196m u in Fe and Ni to study the magnetic hyperfine

nuclear orientation [2] ef
interaction of this high spin state. Both the large induced hyperfine field

. of Au(Fe) [3] and the expected large magnetlc moment of the 12 state make it
a favorableucandidate for this technique. Since high saturation of the nuclear
polarization is reached, the magnefic hyerfine interaption can be determined
from tne temnerature.dependence of the y-ray anisonropy alone, independent cf
uncertainties"in factors influencing'the absolute magnitdde of the anisotropy.

l96m 196

The Au activity was produced by the Pt(d,2n)~reaction, with

18 MeV deuterons on a 46% enriched metallic Pt target. The carrier free Au

TWork'performed nnder the auspices of the U. S, Atomic Energy Commission

fTOn leave from the Hahn-Meitner Institut, Berlin.
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act1v1ty, separated from Pt by the standard ethyl acetate procedure [h], was
electroplated on foils of Fe or Ni, already‘containlng16OCo act1v1ty for
thermometry. Thehsamples were wrapped'in,additional Fe 'or Ni foils, melted in
a H2.atmosphere, rolled,lannealed,:and finally attaohed uith Bi/Cd~-solder to
the copper fin of.an adiabatic demagnetiZation,apparatusr> Using-CMN as
cooling salt temperatures down to 8 mK. were obtalned The Samples were .
magnetized in a magnetic field of L kOe produced by 8 superconducting Helmholtz
pair. | ' A |
During the warmingeup of the samples over a typical period of 10 hours,
Y-ray spectra were taken with high~resolution Ge(Li)-detectors parallel and
perpendlcular to the direction of the external polarizing field After back-
ground correction, anisotropies vere obtained for the lh8-keV and 188-keV Y

196 60

transitions‘of Au and for the ~Co y lines, the lattervheing used for

thermometry

Figure 1 shows the temperature dependence of - the functlon 1- W(O) for

196m 96

the 1L48-keV vy rays, both for (Fe) (circles) and Au(Ni) (squares).

The solid curve is the result of a least-squares fit'of :

W) =1+ Z BkUkaQkPk(cose) ‘-
k=2,L4
196m

to the u(Fe) data, with the magnetic hyperfine 1nteraction uH and an‘

amplitude factor as free parameters. The saturation'value of W(O) obtained

from the fit agrees within error limits with the theoretical one calculated

196m 196m ’

from the “Au decay scheme [2]. The u(Ni) data, due to the small degree

of nuclear polarization reached in this host, were fitted with only one free

g
L

-
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lgémAu(F ) data.

————

parameter (uH), faking the amplitude factor from the fit-of the
The impbrtanée_of reaching high satﬁration of the nuclear polarizaﬁion is thus -
© clearly demonstrated.

' The résulté obtained for the magnetic hyperfine splitﬁing HH from two

L 196mAu(Eg) samples and one lgGmAu(Ei) sample are summarized in table 1. Their
I _ _ ' . : ! ‘
ratio agrees within error with the ratio of the hyperfine fields of l97Au in

Fe and Ni [31. -
; S, s g 196m, .
From the weighted average for UH determined for ™ Au(gg) a value for

- the magnetid mément of the 12—'s£ate can be derived, taking into account the
rather>larée'hypeffine anomalies of the Au isotopes [5-7]. Using Bohr-Weisskopf

theory [8], extended to odd~odd nuclei, the calculated anomalies agree within

196,197,198

20% With the measured ones for Au. This comparisdn was made by

calculating the proton.and neutron fractions of the spin and orbital parts of
the nuclear moments, using the coupling rule, and adjusting the:spin g—factors
of proton and neutron to reproduce the measured moments., Table 2 summarizes

the procedure.used to dgrivé-a value for (12" ). From the measured hyperfine

fields of lQTAu and l98Au in Fe given in column 2, together with references,

the values for u(127), presented in column 3, are obtained. The theoretical

l96mAgW,.calculated as described, are given in column L. -

The corrected values for u(lQ—), listed in column 5, agree rather well with

hyperfine anomalies

each other, leading to a weighted average of ﬂ = £5.35%0.20 n.m. for_fhe

magnetic moment of the 12~ state.

¥ | ' Alrm hll/2" v 113/2+] 12 shell model assignment is suggested for

1968y, by the low-lying 11/2" and 13/2" states in 29%°29Tay ana 195-197p¢,

. : : ‘ : +
195’197Hg, respectively. The known magnetic moment of the 13/2 state of
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l95Hé’[9] provides(a valﬁe.for‘the neﬁtron contribution and for the 11/2°
proton we take a value of u(ll/2 ) =6, 7 n. m., calculated with the spin

polarlzatlon procedure of Arima and Horie [10] The coupling of these moments

leads to u(12” )t = 5.67 n. m., in good agreement w1th our- experlmental value,
. i '
assuming the;positive 51gn. The experimental value for the magnetlc moment

),."'\

of the lé— state therefore provides-strong evidence for_the correctness of the
assumed shell‘model configuration;

We wish to thank Mre._Winifred Heppler fof pfepefing the carrier free
Au actiVityl"G;<Kaindl gratefully ecknowledges a posfdoctorialvfellowehip by
the Miller Insﬁitute for Basic Research in Seience, anle.AEa Mahnke greatly

appreciates the support of & NATOffellowship.
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Table 1. Summary of experimental results for two- dlfferent samples of 96m (Fe)

(a and b) and one sample of 196MAu(Ni), obtained from the temperature dependence
of the anisotropy of the 148 keV y rays.

| ]

Host lsattice : 6\ average
| | \
[10—18 erg] L [lO_la,erg] ‘
- _ - — (
Fe | 0° (a) 31.8£1.6 “
Fe S 900 (a) | 27.3:3.1 . 30.6£1.2
R () sk |
NI LR o 6.0%0.h4 o
o 6.4+0.4
Ni . 90° o | 7.420.7 ’
s
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196

Table 2. .Derivatio"n of the magnetic nioment of the 12-' state of Au.
| | , - 196m, A -
‘Au isotope Hint lU(lQ )’ . ABW IU(}Q )Icorr
4 [k0e] ~[n.m.] 2] . [n.m.]
g 197 ~ ~1280 [3] 4.73 ~12.2 - 5.39
198

~1169 [6] 5.9 -2.3 5.30
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Figure Captlon
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