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The angular distributions measured for 12 y rays in Os and Pt resulting from the de-
cay of cryogenically oriented ~ Ir have been used to determine the following E2/Ml mixing
ratios: 201 keV, 6 & 3.7; 296 keV, 5=-(6+ ) 308 keV, 6=-(7.1+0.6) 417 keV, 6=4 ~3,

485 keV, 6=5.8 +0.8; 604 keV, 5=1.5 +0.1, following the Rose-Brink sign convention. The
angular distribution of the 672-keV P group and the above y measurements limit the relative
contribution, IJ, of different operator tensor ranks, I, involved in each P transition. The
results for electron-capture transitions terminating at levels in osmium are: 694-keV level,
I& & 0.9; 584-keV level, Io & 0.6, I2 & 0.1. For p transitions feeding platinum states, we deter-
mine: 921-keV level, II & 0.8; 785-keV level, Il & 0.92, I2& 0.03. The Ir ground-state mag-
netic moment is determined to be positive.

1. INTRODUCTION

The decay of the 74-day ground state of "Ir
(Fig. 1)has intrigued many recent investigators. ' '
Measurements and theoretical calculations' of en-
ergies, moments, and transition probabilities for
the resultant osmium and platinum nuclei have
demonstrated the differing natures of states of the
same spin in the two daughters.

Our goals in the present study were threefold.
The y-ray E2/M1 mixing ratios had not been well
established at the time the present experiments
were initiated. A report' of an unusual 536-keV
P-y angular correlation suggested that a study of
the P distributions from oriented nuclei might
prove interesting. The determination of these dis-
tributions for a spectrum rich in conversion elec-
trons was considered an interesting test of tech-
niques for quantitative electron spectroscopy of
nuclei cryogenically oriented in ferromagnetic
foils.

The presentation of accurate y-ray distribution
results by an Oxford group" while our work was
in progress enabled us to bypass a determination
of the hyperfine interaction and deduce our orienta-
tion parameters directly from the measured dis-
tribution for the 468-keV y ray. We supplement
their measurement of the magnitude of the '"Ir
ground-state magnetic moment by establishing the
sign.

2. DESCRIPTION OF THE EXPERIMENT

A measured angular distribution of radiation can
be described by

W(8) = 1+Q A„Q„P„(cos8),
n=l

where the observed intensity is normalized to the

isotropic radiation observed with the nuclei unori-
ented. In our case the 6) appearing in the Legendre-
polynomial argument is measured between the re-
sultant magnetic field direction in a thin iron foil
and the detection direction. The Q„are known cor-
rections for the finite angular extent of the detec-
tors. Each A.„, which is then determined by sam-
pling the distribution at sufficient angles to sepa-
rate the contribution of different I'„ terms, can be
further decomposed into factors depending on the
orientation of the initial state, the reorientation
due to the angular momentum carried away by any
intervening transition, and a distribution parame-
ter characteristic of spins and operators involved
in the transition actually observed.

y-ray distributions. For these we adopt the for-
malism of Rose and Brink" where a decay 4, — = 4,
' - J~, with orientation of the initial state and ob-

servation of the y-ray transition from Z, to J„ is
described by

A„=B„(J)U„( J, J)R„( J2J).

The orientation parameter

B„(J)=+w(M)(-) (2J+1)'~'(JJM -M~n0)

gives the initial orientation in terms of the rela-
tive populations, zo(M), of the magnetic substates
of 4 and a coupling coefficient reflecting the mo-
ment being described. The repopulation coefficient,
U„(J,4,), is an intensity-weighted average of the
tabulated quantities U„(L»&y&2) describing the
change in the orientation after a transition via op-
erators of various tensor ranks, L». No inter-
ference terms between different tensor ranks (or
equivalently, different multipolarities) occur. Suc-
cessive unobserved transitions are represented by
a product of the repopulation coefficients corre-
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sponding to each transition; parallel feedings again
give a weighted average.

The distribution parameters, R„(J,J~), depend
directly on the ratio of the reduced matrix-ele-
ment amplitudes for the two possible operators
contributing to the observed y transition. Explic-
itly, here

R„(LLJ,J,)+ 2OR„(LLJ,J,)+ O'R„(LLJ,J,)

The R„(LL'J,J,) are tabulated combinations of vec-
tor coupling coefficients for multipolarities L and

L, where L is the smaller. The mixing ratio

2 L(J.ll T.'" ll J,) (2L+l) "'
(J',

ll Ty,
'"'

llJ ) (2I.+1)

is so defined as to be independent of the experi-
ment in which it is determined. The label (w) only
indicates that the operator is known to be electric
or magnetic in nature; the y distribution does not
show explicitly whether the parity changes in the
transition. Since 6' is the ratio of intensities due
to the two operators, it is also (when normalized)
the weighting factor used in calculating the repopu-
lation coefficients appearing in the distribution for
a subsequent y ray.

Experimentally, two y-ray detectors suffice for
a simultaneous determination of the full distribu-
tion, for only A, and A4 should be nonzero in the

present case. The counting rate at each temper-
ature for detectors at 8 =0 and 9 = m/2 is normal-

ized to the corresponding rate seen at a sample
temperature sufficiently high to destroy any orien-
tation.

P-~ay distributions. Here we will use the early
formulation of Morita and Morita" adapted to the

present terminology. As before, Q„and P„are
given quantities and 4„ is to be determined. In

this case A„=B„(J)R„(J,J), since the transitions
proceed directly from the initial oriented state.
The orientation parameters are defined as before,
but the distribution parameters are much more
complex. A number of operators are possible,
grouped into three different tensor ranks, for the

present first-forbidden P decay. Moreover, each
bilinear product is multiplied by a product of en-
ergy-dependent electron wave functions. These
combinations are collected in the particle parame-
ters, bLL, , of Ref. 13. Retaining the matrix-ele-
ment definition (up to a factor i ) of that reference,
we can then write the distribution parameters as

)l.+L+nW(J' J LL/ ~)b(FI)
L&L

QW(J,J,LL;OJ,)bl:
L
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FIG. 1. The pertinent features of the decay scheme of ' Ir, as taken from Tables of Isotopes. by C. M. Lederer,
J. M. Hollander, and I. Perlman ~John bailey@ Sons, Inc. , New York, 1967).
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We shall see that for our data a simple analysis
based on a crude approximation will suffice. This
is given in Appendix 2 of Ref. 13 and is based on
using only the leading terms in a Coulomb wave-
function expansion for the outgoing electron and on
the assumption that the tensor rank-two matrix ele-
ment might play a relatively important role. It
uses a grouping of the reduced matrix elements of
the (in general) six operators according to tensor
rank to form three new parameters: li. = VC„M(iver r)
—C„M(y,) for tensor rank zero; p = VC„M(ir)
—C„M(o.)+ VC„M(rrxr) for rank one: and =C„M(iB;,)
for tensor rank two. V is the Coulomb factor a&/
2p, and the matrix elements are real. The parti-
cle parameters are then simple combinations of ~,
p, , and v with analytic energy-dependent factors.
For example, the denominator of R„(J,J,) dis-
played above becomes 2[ii. + g'+ ~(If +p')ve],
where K and P are the momenta of the neutrino
and electron, respectively. This denominator is
also the "shape factor" showing the deviation of a
spectrum from that for an allowed decay, while
the integral of each term over energy represents
the relative transition probability for each tensor
rank. The latter quantities (X', p', and approxi-
mately 0.18v') are the weight factors to be used
for determining the repopulation factors applicable
to the distribution of subsequent radiation.

In general P„P„and P, terms appear in the P
distribution, but space considerations in our appa-
ratus permit only one P detector. Even so, the P,
contribution can be separated from the odd terms,
since it remains the same when the polarizing field
is reversed at constant temperature. The antici-
pated relative size of the P, term suggests that it
can be neglected unless A, is large. Thus the P-
distribution parameters R, and R, can be obtained
at each energy directly from the normalized count-
ing rates for two field directions and the orienta-
tion parameters determined from a known y dis-
tribution monitored simultaneously. These dis-
tribution parameters are then to be compared with
those computed as functions of ratios of A. , p. , and
v. These ratios must also yield the values of the
repopulation coefficients observed in y-ray transi-
tions following the P decay.

3. DESCRIPTION OF THE APPARATUS
AND TECHNIQUE

The foil samples were cooled by adiabatic demag-
netization in a cryostat shown schematically in
Fig. 2. The sample space shown was surrounded
by a tailed Dewar system to allow a close approach
of the y detectors. The heat of magnetization of
the chromium potassium alum cooling pill was car-
ried off to the pumped 'He bath by raising the sam-

He 0.4 K

I2 No. 20
Copper Wires

l MAs I

MAS
I

KCr
~ Alum ~

4300 No. 43
2 57Ir and Co

in Fe Foil

.;~Bakelite Baffle~ r~
I

I

Silicon B Detector

FIG. 2. Experimental apparatus. Shown surrounding
the sample space are the 20-kOe superconducting sole-
noid, the susceptibility coil pair, and the 3-kOe (max)
polarizing coils.

pie assembly to contact the copper heat conductor.
Susceptibility coils monitored the salt temperature
and most significantly were used to insure that a
temperature greater than 2 K was achieved for the
warm normalizing counts. Further details of the
apparatus will be reserved for a later paper. Some
particular aspects of sample preparation and prob-
lems of adequate spectroscopy will be discussed
here.

Sample preparation. Early experiments showed
that iridium atoms present in dilute concentrations
in an annealed bulk-iron sample experience a large
effective magnetic field at the nucleus. ""For
successful electron spectroscopy our sources had
to be thin; ideally a minimum number of mass-192
nuclei would have been implanted with an isotope
separator. This was not possible at the time, so we
attempted to produce such sources by controlled
diffusion of moderately high specific activity '"Ir
(2 pCi/g Ir) into 1-mil iron foils. Preliminary
runs with weak (1 p. Ci) sources plated onto a 2-
mm-diam region of the foils and heated for 10 min
at 1100 C in an argon atmosphere showed large an-
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FIG. 3. The higher-energy half of the electron spectrum of Ir, showing regions selected for analysis. This is a
64-min isotropic sampling taken during an orientation experiment. The polarizing field was 1 kOe.

isotropies. For a polar counter the counting rate
doubled for the 604-keV y ray when the tempera-
ture was reduced to 13 mK The conversion-elec-
tron peaks were almost identical with those taken
with a thin source when viewed with our system
[resolution of 5 keV full width at half maximum
(FWHM) at 290 keV].

However, sources intense enough (15 pCi) to
permit reasonable counting rates for the weaker y
rays produced much smaller anisotropies at a giv-
en temperature (determined from the angular dis-
tribution of the 136-keV y ray from 30 IU. Ci of "Co
previously diffused into the same foil and counted
simultaneously). They also showed a much slower
saturation of the anisotropy with increasing exter-
nal polarizing field (600 to 2500 Oe). The strong
field dependence persisted even when source diam-
eters of 1 cm were used and the diffusion time was
increased to 30 min. This diffusion produced a
broadening of the conversion-electron peaks con-
sidered the maximum compatible with good spec-
troscopy at the energies under consideration (200-
700 keV).

P detectors. The P detector was either a commer-
cial silicon surface-barrier detector on a 1-mm-
thick wafer or a National Bureau of Standards—
prepared surface barrier on a P-type silicon disk
3 mm thick. Both types deplete fully at 1.5 K and
are capable of operating with sufficient stability
and resolution. They did not always do so on con-
secutive runs, however, and this resulted in re-
jection of some of the electron data. The P pre-

amplifier head was also operated at 1.5 K. A spec-
trum taken during an orientation run is shown in
Fig. 3.

The high fields necessary to produce maximum
orientation led to an uncertainty in the electron
counting. The apparatus shown in Fig. 2 utilized
a magnetic field parallel to a line connecting the
source and detector centers, if the distortion due
to the foil is neglected. This arrangement should
not have changed the average observation angle,
but the spiralling of the electrons did produce an
energy-dependent solid angle. At 485 keV a 2-kOe
field produced a 22/0 increase in counting rate for
the dimensions used. Since the normalizing iso-
tropic count was taken under the same conditions,
this led to only a small correction. However, the
influence on very low-energy electrons was much
stronger; the possibility of summing with coinci-
dent conversion electrons was large and could be
gauged by the reduction in the area of the K con-
version peaks of the 316-keV transition relative to
the P spectrum at its base. A 0.55-mg/cm' plastic
film placed over the detector to protect its surface
from contaminants rejected tightly spiralling very
low-energy electrons with little effect on those of
interest.

Electron scattering from the stainless-steel ex-
perimental chamber walls, while adding less than
1% to high-energy conversion-electron-peak
counts, would have added twice the total peak
count distributed over lower energies. A plastic
liner (tolerable in our cryostat where exchange
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gas is not used to carry away the heat of magne-
tization) reduced this by half and shifted the dis-
tribution to lower ener gies; antiscattering baffles
almost eliminated the remainder.

Electron scattering from the foil could not be so
simply reduced. With a 16' angle subtended by the
detector radius at the source, a foil angle, P, of
20' produced five times the number of scattered
electrons that a 40' angle did. The observed spec-
tral distribution for scattering of 975-keV ' 'Bi
conversion electrons rose from near zero at low
energies to a maximum not far below the original
energy. Again a higher-energy conversion-peak
area is not detectably affected by the scattering.

For most of the experimental runs the detector
was collimated to a 9' half angle and a foil angle
between 35 and 40' was used. Under these condi-
tions the total scattered contribution was mini-
mized, while P, (cos9) was 0.4. The apparent (zero
field) Q, and Q, were always greater than 0.98.

y detectors. The two Ge(Li) detectors used for
the y data reported here were approximately the
same in their response at 1.33 MeV: resolution
better than 2. 5 keV FWHM and greater than 3%

peak efficiency relative to a 3-in. && 3-in. NaI detec-
tor at 25 cm. The 0 and m/2 detector distances
(source center to Ge sensitive face} were, respec-
tively, 14.3 and 8.5 cm, corresponding to Q, = 0.988,
Q~ =o.962 and Q, =0.979, Q4=0. 942. Coincident
summing of the more intense lower y rays was
calculated to contribute less than 0.3% to their cor-
responding crossover transitions.

The relatively good y-ray resolution was impor-
tant not only for the clear separation of close-
spaced z rays (Fig. 4) but also to allow rejection
of the (anisotropic) scattered radiation. The cryo-
stat was designed to minimize scattering, but the
polar detector still displays a flat region below a
279-keV peak about twice as high for a" Hg
source in the experimental position as for the
same source in free space.

Gain stability for the y detectors over 'the 5- or
6-h counting period after each demagnetization
was usually satisfactory for an integrated-peak
evaluation, although a channel-by-channel compari-
son of the counts for the nuclei oriented and unori-
ented often revealed fractional channel shifts for
each detector.

No unusual features were utilized in the remain-
der of the spectroscopic equipment. The output of

each of the three detectors was recorded in a sep-
arate 400- or 512-channel analyzer. The limited
number of channels and the small separation of the

y energies did not permit us to examine the re-
gions above 625 keV in the y spectra. Analyzer
dead times were less than 15% for the y systems
and usually less than 20%p for the P, where base-

line restoration made a significant improvement in
resolution.

4. DATA AND ANALYSIS

The early runs with weak sources suffer from
poor statistics, the use of only one y detector, or
poor temperature determinations. The y-ray data
actually used in this analysis covered a range of
2. 4 in the orientation parameter B„but did not in-
clude the lower-temperature region which would

give large B4 values and accentuate the I'4 terms.
These terms are significant for firmly establish-
ing the hyperfine interaction and deciding the ten-
sor rank of the operators responsible for interven-
ing transitions. Since the first point is already be-
clouded by the peculiarities of our sc rce, we do
not attempt to make a determination of the hyper-
fine interaction. However, the limitation on the
accuracy for the &4's does increase our error lim-
its for the transitions in which no direct observa-
tions are possible.

Twelve y rays resulting from the '"Ir decay
were analyzed, as were the two y rays of "Co
used to confirm the detector angles and establish
the foil temperature. The peaks that were well
separated from the others were treated by summa-
tion of counts over all channels generously span-
ning the apparent peak, after subtraction of a back-
ground determined by graphical (nonlinear) extrap-
ol3tion from slightly higher channels.

The 296-, 308-, and 316-keV peaks were ana-
lyzed by fitting monoenergetic response functions
determined under the same experimental condi-
tions in order to adjust for the contribution of low-

energy portions of higher-energy peaks. This con-
tribution was quite large (over 20%of the true peak
in some cases) due to the accentuated scattering
from the cryostat materials. A similar treatment
was applied to the 589-, 604-, and 612-keV com-
plex, but the diminishing intensity with increasing
energy made such an approach unnecessary for
the 468-, 485-, and 489-keV group.

Average values of 4, and A, were determined for
each peak for each of 10 different temperature in-
tervals. The orientation parameters B~ and B4
were then derived for each temperature from the
&, measured for the 468-keV y ray, using the re-
lations B~=A, / —0.881 and pH =1.08X10 J, as
reported in Ref. 11.

The average U, R, and U~R4 for each y ray were
then calculated from these values, using the B~
and B4 for each period as weighting factors. The
resultant values for the U, R, 's are displayed in
Fig. 5, where the error bars represent the stan-
dard error of the mean for the 10 samplings. This
error includes not only counting statistics, but al-
so contributions due to possible inapplicability of



2346 A. T. HIRS HF E LD AND D. D. HOP P E S

10

10

316

296 308

4
IO

V)
C

Z
0

206

2+Dl

10

10
20

i

30 ~ 80 "140 150 160 170 i200 210 230 248 270 280 290 ' 350 360 370 380
CHANNEL

F&G. 4. The y-ray spectrum of ~2lr plus ~~Co recorded
along the orientation axis. This is an isotropic sampling
of 64-min duration. The spectrum collected by a detec-
tor placed perpendicular to the orientation axis had less
scattered radiation and three times the counting rate.

the hyperfine value used and any time- or temper-
ature-dependent fluctuations. Seven of the y rays
are pure E2; for these the influence of the preced-
ing radiations is exhibited by also plotting the un-
attenuated E2-distribution coefficient. Values re-
ported in Ref. 11 for the stronger transitions are
also shown; the agreement is excellent for all ex-
cept the 612 keV and the 296 keV, where the differ-
ent treatment of the background may contribute to
the discrepancy.

The procedure for determining the individual re-
population coefficients and distribution parame-
ters is as follows: The y-ray distribution for the
transitions from the top level in each daughter is
considered first. For pure &2 transitions, where

R, and R, are knomn, the U, and U4 due to the pre-
ceding P decay are directly evaluated and applied
(along with U's due to the E2 transition) to the
analysis of subsequent transitions. If the initial y-
ray mixture is not known, an approximate mixing
evaluation fitting both the U2R, and U4R4 terms is
used for approximate repopulation coefficients to
be applied to a subsequent E2 y ray. The distribu-
tion of the &'2 y is then used to correct or affirm
the initial determination of the repopulation coef-
ficients due to the P transition and so on down to
the lowest excited state. In the case of the 489-
keV transition in '"Os the y distribution is used to
evaluate the mixing in the preceding 201-keV y
transition, which was too weak relative to its back-
ground to measure directly.

Our y-mixing results a.re displayed in Table I,

U4--
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FIG. 5. A display of the product of the repopulation co-
efficient and the distribution parameter measured for 12

y rays resulting from the decay of ' Ir. Our values are
shown as solid dots with vertical flags giving the stan-
dard error of the mean for 10 measurements at different
temperatures. The horizontal dashes show the values
reported in Ref. 11. The open circles show the unattenu-
ated distribution parameter for seven E2 transitions.

along with values from other sources. Previous
arguments and measurements' ' have been used to
eliminate alternate choices that were sometimes
possible. The errors are those propagated from
the standard error of the mean shown in Fig. 5; in
some cases the uncertainty in the repopulation co-
efficients has considerably increased the error for
5. Also, doubling the error on R„would in some
cases permit other regions of 5 to be admissible,
as is illustrated in Ref. 4.

The use of the repopulation coefficients deter-
mined in the above analysis to limit the P-decay
matrix elements in the 4 -4' transitions does not
always produce clear-cut results if the possibility
of a tensor rank-two operator, B;, , is admitted.
For example, the U, and U4 due to the 672-keV P

group fit quite mell pure tensor rank-one operator,
and this fact was used in Ref. 11 to limit the tensor
rank-zero contribution, while neglecting the B;,.
contribution. If all contributions are included,

A.'+0.850/, +0.103v
A.'+ p. '+ p. 18v2
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TABLE I. y-ray mixing ratios, 6.

Method and reference

201 keV
g+ ~ 2+I

Os

296 keV
2+'- 2+

Pt

808 keV
P+~ 2+P

Pt

417 keV
4+/ ~ 4+

Pt

485 keV
P+~ 2+

Os

604 keV
8+- 2+

Pt

yy(0) Hamilton and
Davies

~~(6)) Khan et al. b

yy(0) Grabowski ~

yy(6') Beraud et al. d

pp(6)) Kenyon, et al.
y(O, T) Reid et al.
y(e, i') present exp
Calculated Kumar g

6 &8.7
6 =80

-(10+1)

4
-(9 ~ 1"i.7»

~ ~ ~

(1 +
50)

(6+3)

-14.8

7.s'-o.'8)

-(8+ 2)
-(9.9+ 1.0)

(6 p+0.8)

—(9.4 + 1.5)
—(7.8+ 0.2)
—(7.1 + 0.6)
-9.2

&-8 or &8

&-11 or &ll
&-1
4+ 7

10+10

7 6+7 ~ 6

~5
5.8+ 0.8

4.8

2 1+0.3-0.2

2.0 + 0.2
2.5 + 0.2

8+1
1.5+ 0.1
1.5+ 0.1
2.2

~See Ref. 8.
~ See Ref. 8.

See Ref. 4.
f See Ref. 11.

See Ref. 5.
g See Ref. 9.

~ See Ref. 7.

By balancing A.'/Iu and v'/p', U, can be made equal
to 0.850 even for large admixtures. At A'/p. ' =0.8

(with v'/p. ' =0.89), U, is changed only by 8%. More-
over, the reported spectral shape" and P-y corre-
lation measurements are not seriously violated if
the signs of A/p and v/p, are suitably chosen. The
present electron measurements will be seen to
tighten this restriction.

The electron data were taken under widely vary-
ing circumstances, with variations in the results
for different runs clearly beyond the apparent pre-
cision limits for each run. In some cases the mag-
netic saturation was clearly incomplete for the po-
larizing fields used; in others summing due to high
fields distorted the spectra and produced a surplus
of counts above the distinct 672-keV endpoint.

In all cases we consider energy bins centered at
416, 550, and 640 keV. These regions contained
no major conversion-electron peaks. The numer-
ous, identifiable peaks present elsewhere provided
convenient energy markers; small gain changes
were compensated for by choosing the same ener-
gy intervals for each counting period. The orienta-
tion parameters were again derived from the A,
measured for the 468-keV y ray.

The A., for the 672-keV P is measured positive;
we will later deduce that 8, is negative, but make
use of that sign at this point in order to display R,.
In Table II the range of values that we measure for
this quantity for the three energy intervals is
shown. No average values or statistical error lim-
its are given because the variations are not ran-
dom but due to as yet incompletely explained dif-
ferences in the experimental conditions.

This variation also conceals any true nonzero
value for A., ; any limit that we could place would
be less significant than that available from other
experiments.

However, even the total range of R, for the 672-

keV P and a limit of ~0.01~ for the P-y correlation
coefficient magnitude" together produce a marked
restriction on possible admixtures. In our ap-
proximation, for an electron energy of 560 keV,

1.57k.p. —0.18p,
' —1.22 vp —0.05v'

R~= ~2+ p2+ 0.285v'

If the transition is via pure tensor rank-one oper-
ators (X = v=0), the coefficient is clearly —0.18,
agreeing with the observed magnitude of 0.11 to
0.28. The large interference terms, however, can
easily dominate and even reverse the sign of the
coefficient.

The previous discussion of the U, and U4 restric-
tions showed that v/y. would have to be appreciably
larger than A. /p. . If we also invoke the p-y aniso-
tropy limitation, we find that for a simultaneous
fit allowing large values of A/p and v/p each must
be positive. This insures that R, is indeed nega-
tive and leads to the limits shown in Table III for
the transition to the 4' level in platinum. The neg-
ative sign of &„ taken with the known negative ef-
fective field for iridium in iron, yields a positive
magnetic moment for the '"Ir ground state.

In order to cheek for possible peculiarities in
the 536-keV, 4 —O'P distribution as suggested, ' '"
we attempted to reproduce the R, coefficient mea-
sured in the 416-keV energy bin from calculated
contributions from the 536- and 672-keV P groups.
For pure tensor rank-one operators for each, the
coefficients were, respectively, -0.835 and -0.177.
Weighted with their respective spectral contribu-
tions at this energy, these yielded an average co-
efficient of -0.37, to be compared with the mea-
sured -0.212 to -0.307. However, this difference
was not considered significant in view of the dif-
ficult experimental conditions. The measurement
does not impose any further limitation on possible



2348 A. T. HIRSHFELD AND D. D. HOPPES

B;, contributions to the 536-keV transition.
The description of other transitions shown in

Table III is determined from U, and U, results
alone. The U, due to electron capture to the 580-
keV level of '"Os was characteristic of pure ten-
sor rank-zero decay', the statistical limits for the
weak 375-keV E2 y ray would permit the indicated
amount of impurities. Likewise the electron cap-
ture U4 measured for the 485-keV y ray indicated
that little B;, contribution could be possible for
any 5. For the 240-keV P 4 -4+ transition our re-
sults would correspond to about 20/p tensor rank-
zero contribution to a dominant tensor rank-one
transition for no B;, contribution. Additional
amounts of both tensor rank zero and two cannot
be ruled out.

We also analyzed the distribution of the K con-
version electrons for the 468-keV transition; this
R, also demonstrated variations greater than the
2 or 3/p which counting statistics would have pre-
dicted for each run. Moreover, the R, displayed
a most unlikely over-all dependence on the direc-
tion of the polarizing field. This effect did not de-
pend strongly on the way peak areas and back-
grounds were determined. The experimental par-
ticle parameter, A, (conversion electron)/A, (y),
averaged 1.39 for P, positive and 2. 19 for P, nega-
tive, while the theoretical value" is 1.33. This
may be due to modulation by P summing, but is
not quantitatively understood.

5. DISCUSSION

Hyperfine Interaction and Magnetic Moment

The supposition of constancy of an effective field
for different states or isotopes of a given element
can introduce considerable error. This has been
explicitly shown to be true for two levels in '"Ir,
where the effective field for iridium in iron was
found to differ by 7'fo. " For our determination of
the orientation parameters we use the hyperfine
interaction as directly measured. Moreover, B,
is taken directly from the experimental data and

should be applicable to all radiations independent
of the hyperfine interaction. For B, and B4, how-

ever, an error will occur if an interaction not ap-
propriate to the circumstances is used.

TABLE II. Range of experimental P-distribution
coefficients R&.

For low external polarizing fields the hyperfine
interaction we would have inferred from the mea-
sured foil temperature and the A2 and A~ for the
468-keV y distribution was clearly too low. Con-
versely, for an II&,&

of 2 kOe, a value of pH =1.3
x10 ' J fitted best. This is slightly larger than
the reported value. "

The differences in response to external field
were not studied in detail, but a possible cause
would be a dependence on the iridium concentra-
tion. The conversion-electron peak-shape distor-
tion would correspond to a penetration of greater
than 0.1 mg/cm' of iron. This would indicate a
concentration of less than 2 at. % if the iridium was
uniformly distributed, in the case of the large-
area sources. Hi.gh local concentrations and the
limited heat treatment used may have contributed
to the field sensitivity.

In Ref. 11, their measurement of the magnitude
of the magnetic moment is compared with values
predicted for certain spherical and slightly de-
formed ground-state configurations for '"Ir. For
a d3i2 pr oton, f»,—neutron basic conf igur ation both
give a positive magnetic moment, in agreement
with the sign determined in the present experi-
ment.

E2/M1 Mixing Ratios

The agreement in y mixing ratios shown in Ta-
ble I in general is quite good, both among the var-
ious experimental values and their average com-
pared with the theoretical, based on the compre-
hensive calculations of Kumar and Baranger' us-
ing a pairing-plus-quadrupole microscopic model.

The small difference between the nuclear orienta-
tion and y-y correlation results for the accurately
measured 604-keV tran. sition might be attributed
to error in accounting for the orientation or re-
population factors in the former, but there is no
consistent discrepancy for the 308-keV transition
arising from the same 921-keV level. Likewise,
any unlikely attenuation from perturbations in the
50-psec 316-keV level which could reduce this y-
y anisotropy should affect the 296-keV result. Al-
so, measurements of the 468 —316-keV 4' —2' —0'
cascade showed no attenuation. ' The value of 1.5

TABLE III. Relative contributions of operators of
tensor rank 0, 1, and 2 in each of four transitions from
the ground state of 8 Ir.

Energy region
0 eV) Ri range

Transition 0

Electron capture Electron emission
to "'Os to 192

1 2 0 1 2

406 -426
541 —578
614 —672

-0.212 to -0.807
-0.109 to -0.284
-0.145 to -0.808

-1 &0.4 &0.1 &0.08 -1
~ ~ ~ -1 &0.1

&0.0B
&0.2
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for the 6 of the 604 transition would lead to a K
conversion coefficient of 2.02&&10 ', in good agree-
ment with the experimental value of (2.01+ 0.07)
F10, using the same input information that Gra-
bowski' used to predict a value of (1.75';,",)&& 10 '
for a D of 2.0+0.2.

The weaker y rays do not permit comparisons of
very great accuracy, but in no case is a large Ml
contribution calculated or found. The 417-keV y
originates from a second 4+ state not included in
the calculations used for comparison.

For the P transitions no theoretical calculations
yet exist, but it is clear that both the logft values
and the relative contribution of different operators
differ for the electron capture and P decays to
states of the same spin. The P transition to the
lower 4' state is essentially all by tensor rank-
one operators; the corresponding electron-capture
transition is compatible with all tensor rank zero.
The transition to the upper 4' platinum state also
contains definite tensor rank-zero contributions.

In no case is any positive evidence for a tensor
rank-two component found.

At this point no evidence remains for any cancel-
lations in the P decay. The recent evidence against
any P-y anisotropy" suggests that any more de-
tailed study of the P distributions directed toward
an identification of the individual matrix elements
would probably not be justified. In fact, the only
experimental evidence that the decays are not al-
lowed is the somewhat large ft values.

Our present experience indicates that good-reso-
lution electron spectroscopy with oriented nuclei is
possible, but that further investigation is neces-
sary before the full inherent accuracy can be uti-
lized.
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