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The magnetic moment of the 9.3-keV first excited state in ~Kr has been measured by use of the Mossbauer
effect. Source and absorber were solid krypton at 4.2'K with the absorber in a longitudinal magnetic field
of 77.8 kOe from a superconducting solenoid. The ratio R of the g factor of the $+ excited state to that
of the $+ ground state is found to be +1.249&0.002, from which y($+) = —(0.939&0.002)p~ without dia-
magnetic correction. If the ground state could be considered a pure configuration of three goj~ neutron
holes coupling to J=$ and the excited state a recoupling within the same configuration, then R= 1.Further-
more, the M1 transition matrix element would vanish. The transition is indeed retarded. It appears from
the work of Noya, Arima, and Horie that a modest a~rriixture into each state of the configuration obtained
by promoting one geI& neutron to g&p& can in the main account for both the observed transition rate and
the excess in R.

INTRODUCTION

t 1HZ ground state of ~Kr has J =)+. Its 6rst ex-..cited state at 9.3 keV has J =q+. The simplest
shell model con6guration involved is three goi2 neutron
holes coupling to $+ for the ground state and to ~~+ for
the excited state. ' Nearby nuclei with %=43, 45, and
47 show the low-lying y+ state, while for %=49 one
sees only the $+ state, in agreement with the idea that
the ~+ state arises principally from recoupling in the
ground-state con6guration. Two consequences follow
from a pure recoupling description. The first is that
the M1 transition between the two states is forbidden,
and the second is that the g values are identical for
the two states. The transition is indeed slow, being
retarded by a factor of ~60 with respect to the Weiss-
kopf single-particle estimate. The second point is the
subject of the present investigation. We have meas-
ured the g factor of the excited state by means of the
Mossbauer eGect. The technique is similar to that
employed in earlier work in this and other labora-
tories, namely, to apply as large a 6eld as one can
conveniently obtain from a superconducting magnet
and to depend on curve 6tting to decode the resulting
broadened velocity spectrum.

The properties of ~Kr appropriate for work with the
Mossbauer eGect are given in Table I. The radioactive
parent is 1.9-h ~ Kr produced by neutron capture in
the 11.56% isotope ~Kr. The absorber is natural Kr
in which ~Kr has a relative abundance of 11.55%. The
magnetic moment of the ground state is seen to be
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about half of the Schmidt value, which is that of a
single neutron (—1.91'&). The transition is nearly
pure Mi, as may be ascertained by the ratio of the
estimated E2 single-particle width to the radiative part
of the observed width. The quantity 0, is the internal-
conversion coefBcient and 0'p the Breit-Wigner cross
section at resonance. The mean life of 212&6 nsec
corresponds to the natural linewidth I'0=0.10 mm/sec.
Twice this value is the smallest that can in principle
be observed. The column labeled E„is the recoil energy
expressed in 'K. With a Debye temperature of 63'K
for solid krypton, ' this value of E, leads to a recoil-free
fraction f=0.86 at 4.2'K, where all of our experiments
took place.

EXPERIMENTAL METHOD

Most of the experiments were performed with ab-
sorbers of solid krypton contained in small nylon cylin-
ders with thin walls top and bottom. The sources were
also solid krypton. The absorber was mounted at the
position of maximum 6eld in a superconducting sole-
noid. Above the magnet was a pair of spaced soft iron
shields which served to reduce the stray 6eld at the
source position to 2.5 kG under the condition of maxi-
mum current. The fields in diGerent runs ranged from
73.7 to 77.8 kOe in the persistent-current mode. The
constancy of the 6eld with time was verified by moni-
toring with an external magnetometer. The source, in
the same liquid helium as that which bathed the magnet
and the absorber, was moved by means of the mechan-
ical velocity spectrometer described in earlier work.
The y radiation was detected in a beryllium-window
proportional counter with an argon-methane filling.

~ J. de Boer, in Progress ie Lour TemperaAcre Physks, edited.
by C. J. Gorter (North-Holland Publishing Co., Amsterdam,
1957},Vol. 2, p. 10.
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TAILK I. Pro ertiesp 'es of the transition in 1.9-h ssKr

Rel.
abund.

(%)
Energy
(keV) J„,~J e, E2/Mi (cm')

Mean life
(nsec)

r. E,
(mm/sec) ('K)

11.55 9.3 —0.96707 (4) Small 11~2b 1.89X10 e 212+6 0.100 6.49

I H. Korsching, Z. P'
g, Z. Physik 109, 349 (1938)' E.

elv Phv. hys. Acta 2'F, 173A (19S4). (Without

0

iamagnetic correction. )
b S.L. Ru.Ruby, Y. Hazoni, and M. Pasternakasternak, Phys. Rev. 129, 826 (1963)
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Tmr. z III. Summary of results.

Absorber

Clathrate

Solid Kr

Solid Kr

Thickness
(mg/cm' of

'sKr)

0.7

0.6
1.2

H
(kQe)

73.4

77.7

77.8

(77.2a0.9)~

r
{mm/sec)

0.76

0.27+0.03b

0.47+0.04b

0 38~0 03o

0.37~0.02o

R ( =gvls/ga/s)

1.26+0.01

1.245+0.003

1.248&0.002

1.251~0.002

1.251&0.002

Best value R=+1.249+0.002

p($+) =+(0.939+0.002)p~ without diamagnetic correction

~ This width was constrained to be invariant during the fitting process. Here F is the width of the narrowest line.
b Fitted without thickness corrections to intensities and widths. Here the field was permitted to be a free parameter to be determined

Fitted with corrected relative intensities and widths from Table II. by the fit.

RESULTS

Figure 2 shows a velocity spectrum at zero Geld.
The source and absorber each contained 3.5 mg/cms
of krypton having the ordinary isotopic abundance.
Each had a thickness t= boa f=4.7, with n the number
of ~Kr nuclei/em'. For this, one calculates an expected
linewidth I'„~.-—0.45&0.08 mm/sec, while the observed
linewidth 1',b, =0.50&0.02 mm/sec agrees within error.
Thus there is no discernible quadrupole coupling.

Figure 3 shows a velocity spectrum and least-squares
fit with the absorber in a Geld of 77.8 kOe. This ab-
sorber contained 10.2 mg/cm' of ordinary krypton,
which in the case of zero Geld would correspond to a
thickness t=15.3; but t is, of course, greatly reduced
by the splitting. The source was identical with that of
Fig. 2. A summary of results is found in Table III.
The ratio R of the excited ~+g factor to that of the
ground $+ is seen to be 1.251+0.002 when 6tted with
corrected intensities and widths, while use of uncor-
rected parameters gives the same answer within sta-
tistical error. A thinner sample is seen from Table III
to give the value R= 1.245~0.003.

An experiment was also done with the hydroquinone
clathrate of krypton as absorber. Here, as also observed
by others, 4 the line is broadened by quadrupolar effects
and the deduction of detail from the unresolved spec-
trum is less trustworthy. In order to obtain a useful
result, the quadrupolar e6ects were assumed merely
to cause a broadening of the components of a pure
nuclear Zeeman pattern. The lack of structure in the
spectrum also made it necessary to specify an invariant
width for each line. Kith the width deduced from the
results of a zero-Geld experiment, we obtained R=
1.26~0.01, in agreement with the measurements on
the solid Kr samples.

To obtain the results discussed thus far, the strength
of the applied Geld was inserted as a constraint between
line positions by use of the known magnetic moment
of the ground state. On the other hand, if the spectrum
were well enough resolved, this would not be necessary
and the Geld could be deduced from the observed line
positions. It turns out that, appearances to the con-
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' Y. Hazoni, P. Hillmann, M. Pasternak, and S. Ruby, Phys.
Letters 2, 337 (1962).
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trary, the data of Fig. 3 are good enough to obtain a
value for the magnetic Geld. In this way we obtained
&=77.2+0.9 kOe, which is to be compared with the
actual value 77.8 kOe. The resulting value for R re-
mained unchanged.

Other tests performed upon the Gtting process were
as follows. An incorrect value of Bwhich differed from
the actual field by 3% was used in the fitting process.
The resulting value of R differed by less than 0.1%.
In another test the spectrometer constant relating
channel number to velocity was altered by 1%.R was
observed to change by only 0.02%. From ail this it
is apparent that the determination of the dimension-
less quantity R is virtually independent of moderate
errors in the experimental parameters. Hence the small
indicated error, although determined by statistics alone,
appears to be realistic.

The weighted average of results from the two sam-
ples of solid krypton gives the final value R=+1.249&
0.002 quoted in Table III. The sign of R is immediately
determined by the clustering of the strength toward
the center of the spectrum; the negative sign would
put the high-intensity lines toward the periphery.
The magnetic moment of the ~+ state then becomes
(—0.939&0.002)p/r without diamagnetic correction.
With the ground-state moment y, =—0.967, also un-
corrected for diamagnetic effect, it appears that the
two magnetic moments rather than the two g values
are nearly equal.

DISCUSSION

If the ground state and excited state of ~Kr can be
represented by the pure j-j coupled wave functions
(g9/&)'J~/Q and (g9/z)r J f/Q the 'two moments should be—1.91 and —1.49@~ in contrast to observed values of—0.967 and —0.939@~. Now Blin-Stoyle and Perks'

have shown that small admixtures of the other compo-
nent of the spin-orbit doublet can lead to drastic reduc-
tions in the magnetic moment, the reduction being
linear in the admixed amplitude. Noya, Arima, and
Horie' have extended their work and have shown that
for the & state, configuration mixing due to residual
interactions between particles can reduce the moment
to the observed value. Several admixed configurations
of neutrons and protons contribute to this reduction,
but it can be shown that the major contribution comes
from the [(g9/a)'(gv/2)']q~/s component whose ampli-
tude is about 23%. Although their paper does not
enable similar calculations to be carried out for the
~7+ state, it seems probable that a comparable reduction
will arise and that the important admixed component
comes from the g7/2 state.

In the absence of these admixtures, the M1 transi-
tion probability between these states is zero. With
admixtures, the transitions will proceed but with a
probability proportional to the square of the admixed
amplitude and therefore slower than the single-particle
value by a factor of about 10.

We conclude, therefore, that admixture of the g7/Q

neutron configuration in the ground state and Grst ex-
cited state is probably responsible for the large devi-
ations between the observed moments and the simple
prediction and that these admixtures are also responsi-
ble for the rate of the M1 transition.
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