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The nuclear magnetic moment of the 158-kev, §~ state has been measured by precessing, in a solid gold
environment, the $7(334 kev)§~(158 kev)$~ gamma ray-gamma ray angular correlation in an external
magnetic field of 26 000 gauss. The value obtained, ug=+1.032420.08 nm, includes a 5%, correction for quad-
rupole attenuation as determined by studying the angular correlation as a function of the delay of the inter-
mediate state. The value is compared to the recent prediction of de-Shalit assuming that the §— state
originates from the coupling of the §~ ground state (u,=+4-0.504 nm) with the 2+ excitation of the core.
The magnetic moment of the core excitation was obtained from the 1 gamma-ray mean life of the 50-kev
transition between the §~(208 kev) and §~(158 kev) core-particle doublet. That mean life, determined to be
74(50) = (4.46+1.0) X 10~® sec, leads to predicted magnetic moments of pcore= (4-0.33_0.25*1") mn and

ny= (+0.84_0_25+0'”) nm.

N this paper we report on the measurement of the

nuclear magnetic moment of the §~ first excited
state of Hg'® by the precession of a gamma ray-gamma,
ray angular correlation in an external magnetic field.
The value obtained is compared to and found to be in
accord with the prediction of de-Shalit! based on the
premise that the §~ state is the lower member of a
doublet formed by the coupling of the p; ground state
to the 2+ excitation of the core.

The relevant level structure of Hg'® is shown in the
insert of Fig. 1(a). It is based on internal conversion
measurements of Jung and Svedberg? corroborated by
gamma-ray spectroscopy.® Those results from the latter
work necessary to the prediction of the magnetic mo-
ment will be given here.

The sources of TI!* were prepared by 27-Mev alpha
bombardment of 0.1-mil gold foils. The sources were
used i situ; neither chemistry nor heat treatment was
performed on the foils. The sources, directly after pro-
duction, contained <1.09, Hg>® and were useful over
seven half-lives. The electronic and magnetic equipment
used for this study has been described elsewhere.*

The determination of the magnetic moment of an
excited state by the method used here requires the
knowledge of the lifetime of the state, the angular
correlation pattern through the state, and the perturba-
tion effects on that correlation.

The mean life of the 158-kev state was measured by
247-kev-158-kev gamma ray—gamma ray coincidences
using Nal crystals, one of which (detecting 158 kev)
was unactivated and kept at 77°K. The decay curve of
the 158-kev state observed with the time-to-pulse
height converter is shown in Fig. 1(a). The finite time
resolution of the circuit is illustrated by the prompt
247-kev-208-kev cascade. The result of these measure-
ments, plus those on the delayed 334-kev-158-kev
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cascade, yields a mean life
Tm=(3.352£0.12) X 10~ sec,

in agreement with the measurement of Bell, ef al.?

The (334 kev)5(158 kev)} gamma ray-gamma ray
cascade was used for the magnetic moment measure-
ment. Its unperturbed angular correlation after sub-
tracting backgrounds was found to be

W (6)=1— (0.424-0.02) P3(cosh)
=+ (0.0140.02) P4 (cosh).

The perturbation of this correlation by quadrupole
fields was determined by measuring the anisotropy
parameter A» as a function of delay time, Fig. 1(b).
The perturbation is =59, per mean life.

To measure the magnetic moment, the TI'* source,
placed in an external magnetic field of 26 000=£75 .
gauss, was viewed by two magnetically shielded NaI(T1)
counters placed at an angle of 135° to each other and
the 334-158-kev integral coincident counting rate
determined as a function of direction of the magnetic
field ; 27=35 nsec. For each of the fifteen separate runs
(two at a magnetic field of 13 000 gauss) the angular
correlation at zero field was also determined. The
weighted average of all runs yielded a difference

oG, ) =W (G, D]
W, +H)+W G, — H)

and an angular anisotropy, corrected only for chance
rate, of

§=[W ()= W (4m) /LW (r)+W (3r) ]=0.200-£0.005.

(Only the 4. term was needed, since 4sK4,.) The
gyromagnetic ratio of the 158-kev state is then

no ok (-
ZuNHTm\ A
where uy=35.05X10"2* erg gauss™. Thus wpg=-+1.03
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=0.118-£0.005,

= >= +0.4134-0.032,
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Fic. 1. (a) Decay curves of the 158-kev and 208-kev states in
Hg', the latter illustrating the time resolution for ‘“prompt”
coincidences. The insert shows the relevant level structure of
Hg. (b) The dependence on delay time of the anisotropy,
Ao=[W(x)— W(r/Z)]/[W(w/Z)-{—lW(vr)], valid for 44220, of
the 334 kev—158 kev gamma-gamma correlation corrected for
chance rate and solid angle. The dashed line, showing 5% attenua-
tion per mean life, is a least-squares fit to the data.

#+0.08 nm, including the diamagnetic correction of
0.969%,.

de-Shalit recently proposed that the 158-kev and
208-kev states may be an example of a doublet arising
from the coupling of the 3~ ground state to the 2+
excitation of the core. Though the center of gravity of
this doublet is ~200 kev lower than that of the first 2+
excitations of the neighboring even-even nuclei, the
electromagnetic transition probabilities satisfy the cri-
teria for particle-core coupling. The reduced Z£2 transi-
tion probabilities of the 158-kev and 208-kev transitions
are approximately the same and equal to that of the
neighboring 2+— 0* transition; i.e., 20 times faster
than single-proton speeds. The M1 transition proba-
bility of the 208-kev transition is 70 times slower than
the single-proton estimate, while the 50-kev stopover
transition, which contains® <0.19, £2, is only 20 times
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slower. Such speeds are difficult to reconcile with a
simple shell-model interpretation of these levels, which
cannot account for the enhanced £2 speeds and predicts
that the M1 speed of the 50-kev transition should be
I-forbidden, hence slower than the 208-kev M1 speed
which should be allowed.

One of the consequences of a particle-core interpreta-
tion is that the magnetic moment of the §— state should
be the sum of the magnetic moments of the 2+t core exci-
tation u, and the ground state u,. The latter value has
been measured’ as p,=-+0.504 nm. A further conse-
quence is that the former value may be deduced from
the M1 gamma-ray transition probability of the 50-kev
“spin-flip” cascade, T',(50), plus the knowledge of u,,
the relationship being?

T (50)

=a:(2/;4+1)j(5+1)(25+1)

x[”’l }( ()
]jj 8c—8n

where £ is the energy of the transition in Mev; g
stands for gyromagnetic ratio; J; Jy, J., and j are
the angular momenta of the initial, final, core, and
single-particle states, respectively; and a;=4.2X10%2
sec™! Mev—3.

The measurement of 7', (50 kev) proceeded as follows.
The 208 kev-50 kev total branching rate was deter-
mined by gamma-gamma coincidences with the 248-
kev transition as 3.244-0.15. The total internal conver-
sion of the 50-kev transition was determined by 158-
50-kev gamma-gamma coincidences using a Au'¥
source; the result being aso=18_s*'. These values, com-
bined with resonance fluorescence data® of Knapp on
the 208-kev state, lead to 7,(208)= (1.43+0.2)X 1010
sec and 7,(50)=1/T,(50)= (4.46+1.0)X 10~ sec. The
predicted value of the 2% core is then, from Eq. (1),

pe=(4+0.33_¢.25"")nm,
and hence
Mus= (+0 84_ 0. 25+0 17)].’11’1‘1

The agreement of this value with the direct measure-
ment, while supporting the core-particle coupling inter-
pretation of these states, must be qualified by the re-
marks that the experimental errors, especially on the
value of 7', (50 kev), are large, and the agreement does
not exclude substantial mixing of the wave functions
of the states.
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