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The recoilless absorption spectra of the 103-keV y rays from Eu" in Eu'" situated in europium oxide and
in europium iron garnet were measured at 20'K. The source used was Sm'" in the form of an oxide at 20'K.
Kith the Eus03 absorber an unsplit absorption line with (2.1&0.4) mrn/sec width at half-maximum was ob-
tained. From the hyperfine Zeeman splittings obtained with the europium iron garnet absorber, a value of
(+2.01+0.09) nm. was found for the magnetic moment of the 103-keV level of the Eu'". This value is in
very good agreement with the predictions of the unified model.

INTRODUCTION (2.4&0.2) b.' The spin and parity of the 103-keV level
are —,'+. The 103-keV transition is predominantly 3I1.s
Eu'" is a strongly deformed nucleus (8 0.31 for its
ground state'). The value obtained in the present work
for the magnetic moment of the 103-keV level is in
very good agreement with the predictions of the unified
model. '

'HE recoilless absorption spectra of the 103-keV
'y rays from Eu'"" L7'= (5.1~0.5)X 10 ' sec)' in

Eu' ' situated in europium oxide and in europium iron
garnet (EuIG) were measured at 20'K. The magnitude
of the effective magnetic fields (H,rr) acting on the Eu
nucleus in EuIG as a function of temperature has
already been previously determined from recoilless ab-
sorption measurements of the 21.7-keV y rays of
Eu'".'' These measurements strongly supported the
hypothesis that the admixture of the excited 'Ii1 state
of the Eu'+ ion in EuIG into the 7F0 ground state pro-
duced by the exchange interaction, accounts essentially
for the behavior of II,ff acting on the Eu nucleus in
EuIG below its Curie temperature (about 550'C).'

The main purpose of the present work was to derive
the value of the magnetic moment of the 103-keV level
of Eu'" from the hyperhne Zeeman splittings of the
recoilless absorption spectrum of the 103-keV y rays of
Eu'" in EuIG. The value of II,ff in EuIG at low tem-
peratures ( 600&&10' Oe) is higher than in any other
known ferrimagnetic compound of europium (in Eu
metal, EuO, and EuS, the values of H, ff lie between
260 to 330 kOe). ' The chances of getting resolved ab-
sorption lines were therefore much better for an EuIG
absorber than for any other absorber and therefore the
present measurements were carried out with an EuIG
absorber. The present experimental results indeed indi-
cate that there is very little chance of obtaining resolved
lines in the absorption spectrum of any other known
ferrimagnetic compound of europium.

The spin and parity of the ground state of Eu'"
are ss+.s The value of its magnetic moment is

(1.507&0.003) nm' and of its quadrupole moment is

EXPERIMENTAL DETAILS

The source used was Sm'" in the form of Sm~03. It
was produced by neutron irradiation of natural Sm&03.
97-keV p rays are also emitted in the decay of Sm'",
but their intensity relative to the 103-keV y rays is
only 2%s and their effect on the absorption spectra
was assumed to be negligible. The absorbers used. were
0.15-g/cm' EusOs and 1.9-g/cm' EuIG. The 103-keV
radiation was detected by a NaI (Tl) scintillation
counter. The absorption as a function of relative
velocity between source and absorber was recorded
automatically on a 400-channel pulse-height analyzer.
A block diagram of the electronic system is shown in

Fig. 1. The system was similar to those described in
previous works, ' except that the modulation signal
was taken from a pickup coil mounted on the loud-
speaker and not from the driving signal after an
appropriate phase change. A scale of velocities was
established by using as a calibration the absorption
spectrum of o.-Fe203, which has been previously in-
vestigated. " For some of the measurements velocities
extending to few cm/sec were needed. On the other
hand, the n-FesOs spectrum extends to about 1 cm/sec.
.In order that the calibration should cover the required
range, the following procedure was used: The ac voltage
applied to the loudspeaker was increased and the frac-
tion of the pickup signal used for modulation was de-
creased. The ratio of the fractions of the pickup signals
that were used for modulation in the calibration with
e-Fe203 and in the actual measurement was measured
accurately using a helipot potentiometer. The velocity
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Fxo. 1.Block diagram of the electronics used for the automatic
measurement of the recoilless absorption as a function of relative
velocity between source and absorber.
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selection rules for a pure M1 transition between levels
with spins —,

' and 2 permit '12 transitions between the
sublevels. The fact that only four resolved lines are
obtained shows that the gyromagnetic ratios of the
ground state and the 103-keV state are such that many
of the possible absorption lines overlap. A preliminary
analysis of the spectrum showed that the absorption
spectrum is consistent only with the assumption that
the ratio of the g factors of the excited state and the
ground state, respectively, is about 2. Following this
interpretation the transitions between the sublevels are
classified in Table I, according to their position in the
absorption spectrum. The calculated relative transition
probabilities are also given in this table. The absorption
lines corresponding to transitions —,

' ~ —', and ——,
' ~ —-',

were not detected because of their low relative
intensities.

In the 6nal analysis of the results a possible axially

scales were inversely proportional to the fractions used
which were measured by the helipot readings.

All measurements were carried out with both source
and absorber at 20'K. The liquid-hydrogen cryostat
used is shown in Fig. 2.

EXPERIMENTAL RESULTS

The spectrum obtained with the Eu203 absorber is
shown in Fig. 3. The width of the absorption line at
half-maximum is 2.1&0.4 mm jsec. If we assume that
the emission and the absorption lines have the same
widths, our results show that the widths at 20'K are
about 2.5 times the natural widths, as obtained from
the lifetime of the 103-keV level. Assuming that the
probability for recoil-free emission f is the same as the
probability for recoil-free absorption, it is possible to
calculate f at 20'K from the size and shape of the
absorption spectrum obtained. The value derived for

f at 20'K is (5&1.0) /~. From this value, we obtain a
Debye temperature of about 225'K, using the Debye-
Waller relation. "This value is very c1ose to those ob-
tained for other rare-earth oxides. ""

In Fig. 4(A) the absorption spectrum of EuIG is
shown. Four resolved absorption lines are seen. The

"The 3IIossbaler Egect edited by H. Frauenfelder (W. A. Ben-
jamin Inc. , New York, 1962), p. 30.

'3 S.Ofer, P. Avivi, R. Bauminger, A. Marinov, and S. G. Cohen,
Phys. Rev. 120, 406 (1960).

'4D. A. Shirley, M. Kaplan, R. W. Grant, and D. A, Keller,
Phys. Rev. 127, 2097 (1962).
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FIG. 2. Experimental arrangement for carrying out recoil-free
absorption measurements with source and absorber at liquig-
hydrogen temperature.
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in very good agreement with the present experimental
results. The magnetic m.oment of the ground state of
Tb'", which is also probably a L411, —',+]Nilsson state,
was measured by Baker and Bleaney and found to be
(1.90+0.05) nm" (if Lindgren's values" of (1/r') are
used) which is very close to the present experimental
value of the magnetic moment of the 103-keV level.

silat and Nowik calculated the effective electric
field gradient at the Eu nucleus in EuIG, associated
with the orientation of the orbital wave functions

'6 J. M. Baker and B. Bleaney, Proc. Roy. Soc. (London)
A245, 156 (1958)."I.Lindgren, Nucl. Phys. 32, 161 (1962).

produced by the exchange interaction through the
spin-orbit coupling. Their calculated value was —55
Mc/sec per barn at 20'K. For the ground state Q= 2.4 b
and therefore a value of about —130 Mc/sec is expected
for eiJQii, neglecting other possible contributions to the
electric field gradient. 4 The present experimental upper
limit of 200 Mc/sec for the absolute value of eqQs is
therefore not in contradiction with the theoretical
prediction.
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Shapes of Allowed and Unique First-Forbidden Ii-Ray Spectra:
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The i1-ray spectra of Inii, I,Rbl, Sr 0, and Y90 (ground-state transitions) have been measured with the
Heidelberg double-lens spectrometer. The allowed spectrum of In'" was found to have a purely statistical
shape; the coefficient fi of a possible fi/W term turned out to be b (0.5%=2.2)X10 'rac'. The unique first-
forbidden spectra of K ', Rb 6, Sr', and Y"were found to show very small but definite deviations from the
simple unique shape.

I. INTRODUCTION

CCORDING- to the accepted theory of weak inter-
action, the shape of allowed spectra must be

"allowed" or statistical, unless second-order terms
contribute significantly. These second-order terms are
(1) "regula, r" twice-forbidden contributions and (2)
weak-magnetism terms. ' Both kinds of terms have been
observed. The largest deviation from the statistical
shape was found' ' in the decay of P" and can fully be
explained"" by the high ft value of this decay.

In the case of unique first-forbidden spectra, one
expects a "unique" shape unless there are considerable
(1) "regular" third-forbidden contributions and (2)

M. Gell-Mann, Phys. Rev. 111,362 (1958).
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107, 135 (1957).' H. Daniel, Nucl. Phys. 8, 191 (1958).
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Phys. 36, 1084 (1958).
~ O. E. Johnson, R. G. Johnson, and L. M. Langer, Phys. Rev.

112, 2004 {1958).
6D. Fehrentz and H. Daniel, Nucl. Instr. Methods 10, 185

(1961).
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122, 172 (1961).
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(1961).
Ch'ing Ch'eng-Jui and L. S. Novikov, Zh. Eksperim. i Teor.

Fiz. 42, 364 (1962) L'English transl. : Soviet Phys. —JETP 15, 252
(1962)j.

weak magnetism terms. The situation is, however, more
complex. "

Previous work at laboratories in Heidelberg has
verified the statistical shape for a number of allowed
P-ray spectra. '" " Similar results were obtained by
other groups. '»'" " These results are incompatible
with the work of Langer and co-workers' ""who have
been reporting b/W type deviations from the statistical
shape, with b values centered around +0.3. Such large

"G. B. Henton and B. C. Carlson, ISC-1006 (1957) (un-
published)."I.Iben, Phys. Rev. 109, 2059 (1958)."W. Biihring (private communication).
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