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ABSTRACT

The MUssbauer technique has been used to study the huclear
hyperfine interactions and lifetimes in W182 (2* state) and W183
(3/2" and 5/2 states) with the following results:
g(5/27)/g(2") = 1.40 + 0.04; g(3/27) = -0.07 £ 0.07; Q(5/27)/Q(2") =
0.94 + 0.04; T1/2(3/2“) = 0.184 + 0,005 nsec; Ty /5(5/27) Z 0.7 nsec.
These quantities are discussed in terms of a rotation-particle inter-

163 due to Coriolis coupling. From the measured

action in W
quantities and additional information on y-ray transition intensities
magnetic single-particle matrix elements are derived. It is inferred
from these that the two effective g-factors, resulting from the
Nilsson-model calculation of the single-particle matrix elements

for the spin operators §Z and 'S\+, are not equal, consistent with a
proposal of Bochnacki and Ogaza.

The internal magnetic fields at the tungsten nucleus were
determined for substitutional solid solutions of tungsten in iron,
cobalt, and nickel. With g(2") = 0,24 the results are:

IHeff(W—Fe)]= 715 + 10 kG; ]Heff(W-Co)l = 360 + 10 kG; ]Heff(W-Ni)] =
90 + 25 kG. The electric field gradients at the tungsten nucleus were
determined for WS, and WO,,. With Q2" ) = -1.81b the results are:for
WS,, eq = -(1.86 + 0 05) 10 83V/cm ; for WO,, eq= (1.54 iO.()fl)lOIBV/(:m2
and n = 0.63 + 0,02,

The 5/2° state of p195 has also been studied with the
MUssbauer technique, and the g-factor of this state has been de~
termined to be -0.41 + 0.03. The following magnetic fields at the Pt
nucleus were found: in an Fe lattice, 1.19 + 0,04 MG; in a Co lattice,

0.86 + 0,03 MG; and in a Ni lattice, 0.36 + 0.04 MG, Isomeric shifts
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have been detected in a number of compounds and alloys and have
been interpreted to imply that the mean square radius of the Pt195

nucleus in the first-excited state is smaller than in the ground
state,
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From Jerre:

David does physics from morning till night--
From 8 in the evening till dawn's early light.
Energy spectra confuse and perplex--

No time for love and no time for sex.
Tungsten 182 and 183

Interest him more than music or me,.
Magnetic dipoles, hyperfine interaction

Act uponDave like magnetic attraction,

Typical people make love in the spring.
Typical robins and sparrows will sing,.
Typical daisies and roses will bloom,

But if you know David, you shouldn't assume
That he is aware that it's spring and it's May.
His thesis is due and he works night and day.

However, I'm sure when he's post-PhD,
He'll remember there's May and remember there's me,



PART

I.

II.

vii

TABLE OF CONTENTS

TITLE

INTRODUCTION

1)
2)

Origin of the Spectra
Interpretation of the Spectra

a) Line broadening

b) Centroid shift

c¢) Magnetic hyperfine interaction
d) Electric quadrupole interaction

EXPERIMENT

1)
2)
3)
4)

Sources and Detectors
Absorbers

Drive and Data Storage
Special Equipment

RESULTS

1)

2)

3)

Magnetic Hyperfine Interaction

a) (27 - 0") 100-keV transition in W
b) (5/2° - 1/27) 99-keV transition in W
c) (3/27 - 1/27) 99-keV transition in Pt
Isomeric Shift

a) wi82 o4 W183

b) Pt'%%, 99-kev

Electric Quadrupole Interaction

a) (2" - 0%) 100-keV transition in W
b) (5/27 - 1/27) 99-keV transition in W
c) Pt195, 99-keV

182
183
195

182
183

PAGE

W I T O N R

16
18

21

24
24

33
36

37
38
39
40
40
41
41
42
43
43



viii

PART TITLE PAGE

4) Line Widths 44
a) W2, 100-kev 44
b) Wi, 99-keV 44
¢) Pti%%, 99-kev 45
5) Special Case: 47-keV Transition in W183 45
IV, DISCUSSION il
1) Magnetic Fields 78
2) Nuclear Parameters for the 5/2  and 3/2
States in W183 81
3) Magnetic Moment of the 3/2 State in pl90 85

REFERENCES 95



FIGURE

I.1
I.2
I.1
II. 2
Iom. 3
Im.1
oI, 2
Imi. 3
1.4
oI, 5
I.6
o, 7
1. 8
oI.9
III. 10
0
v, 2

for W

LIST OF FIGURES

Level Schemes for W182, W183, and Pt195

Dipole and Quadrupole Radiation Patterns

182 183

Scintillation Spectra of Ta™ ", Ta™ ~, and Au195

Source Holder

Cryostat and Drive System

Velocity Spectra for Ta182 vs. W-Fe

Spectra for Talsz vs. W-Co, W-Ni, and W

Spectra for Ta183 vs. W-Fe

Spectra for Aul95 vs. Pt-Fe

Spectra for Au195 vs. Pt-Co, Pt-Ni, and Pt

Isomeric Shifts in Pt

Spectra for Ta182 vs., WS, and WO

2 3
Spectra for Ta182 vs. Commercial WSZ

Spectra for Ta183 vs. WS, and WO

2 3
Width-thickness Plot for 47-keV Transition of W8S
Internal Fields versus Host Magnetic Moment

Comparison of Electric Quadrupole Parameters
183

PAG

12
14
27
29
31
47
49
61
53
55
57
59
61
63
65
817

89



LIST OF TABLES

TABLE PAGE
31 | Parameters for Magnetic Hyperfine Interaction | 67
IoI. 2 Results for Magnetic Hyperfine Interaction in W 69
I. 3 Results for Magnetic Hyperfine Interaction in Pt 71
1. 4 Parameters for Electric Quadrupole Interaction 73
OoI. 5 Results for Electric Quadrupole Interaction in W 75
Iv.1 Magnetic Parameters for W183 91
Iv.2 Effective g-factors for W183, Yb“l, and Tm169 93



L INTRODUCTION



I, INTRODUCTION

This thesis describes experiments performed over the past
year and a half in which fundamental use has been made of a dis-
covery made in 1957 by R. L. MUssbauer, 1) In essence MUssbauer's
discovery demonstrated for the first time that certain y-rays
emitted from radioactive nuclei in solid matter have an
energy resolution very nearly equal to that corresponding by the un-
certainty principle to the lifetime of thé nuclear state from which the
y=-rays were emitted. This discovery meant an enormous improve-
ment in the sharpness of such y-rays, and several new avenues of
research were opened up.

The experiments described in this thesisz) utilized these
very narrow vy-rays in order to investigate nuclear hyperfine inter-
actions in a number of materials. Structure in the energy spectrum
of these yv-rays, slight broadening, and small energy shifts, all
previously obscured because of the poor resolution, could now be
readily observed, and valuable information was gained about the
nucleus and its interaction with its environment.

1) Origin of the Spectra

Previous to MUssbauer's work, the emission of y-rays
from nuclei Wé,s considered to be a process that could be understood
without reference to the properties of the solid in which the nucleus
was imbedded. That is, the energy spectrum of the y-rays was
supposed to depend only on the temperature of the material from
which they were emitted but not on the fact that the emitting nuclei
were bound together in a lattice. A free nucleus recoils after

emission of a y-ray and the energy of the y-ray is reduced by an
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amount, E 02/ 2Mc2, where E0 is the energy of the y-ray and M is
the mass of the recoiling nucleus. The energy spectrum emitted
from a collection of nuclei at temperature, T, is centered on this
value, and has a Gaussian shape with width, 20 = 2E / KT/Mc2 ,

If the nuclei are in a solid, the above conclusion holds only
if the recoiling nucleus has sufficient energy to be dislodged from
its lattice site. If not, lattice vibrations will be induced, and the
shape of the emission spectrum will depend on the shape of the
phonon spectrum of the host solid. If the free-atom recoil energy
is less than the mean phonon energy, the possibility arises that a
certain significant fraction, the recoil-free fraction f, of y-ray
emissions will not excite any phonon at all and will thus carry the
full energy difference between the two nuclear levels involved in the
transition, H both of these levels are degenerate, and the width of
the energy spectrum is due to the finite lifetime, T, of the upper
state, then the emission spectrum will be given by the Breit-Wigner
formula (Lorentzian line shape),

_ 1 '
ple) = (I.1)
[1+25 (- E)”]
T
where T =an/r= 0.693h/T1/2 5 (I.2)

and E 5 is the transition energy. If one or both of the levels is
shifted or is split into a number of sublevels by interaction of the
nucleus with its surroundings, the emission spectrum will take the
form of a sum over Lorentzian line shapes, with the relative contri-
bution of each Lorentzian depending on the relative emission proba-
bilities for the different energies of the y-rays connecting the sub-

levels., Namely,
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The parameters, E, h, and T, appearing in Formula I. 3 contain
valuable information about the nucleus and its environment, and the
great value and interest in the MUssbauer effect arises because
these quantities can be obtained from experiment. The energy
spectrum for absorption of y-rays by nuclei in a solid without
energy transfer to the lattice has exactly the same form as the
emission spectrum, Equation L. 1 or L 3, as appropriate.

The thing that makes the MUssbauer effect so beautiful and
so useful is that the emission (or absorption) spectrum may be
modulated in energy by the experimenter as he desires, He does
this by moving the source of y~-rays in a controlled and pre~
determined fashion; for example, if the source is moved in the
direction of emission of y-rays with velocity, v, then the emission
spectrum is shifted toward higher energies by an amount, VE O/ G
He then records the number of y-rays that pass thru the absorber
for various velocities of the source both toward (v > 0) and receding
from (v < 0) the absorber. The counting rate will fall when there is
large absorption (v ~ 0) and rise when there is no absorption
(v >> c¢T/E 0). In particular, if the absorption spectrum, pa(e), is
given by Equation L 3 and the emission spectrum, p S(e), by Equation
I.1, then the experimental, or transmission, spectrum will be

vEO
P(v) = _fde - pgle+ —)p, (e)
: h(j)
- " (1I.4)
? 14— (Y0 - @ () - E )12

(T + T,0))



By analyzing his data in an appropriate manner, the experimenter
will be able to obtain all the I‘a(j) and the Ea(j) to within an additive
constant and all the h(j). Of course, the resolution will be too bad
to obtain these quantities with any precision unless T gt Tas

[Ea(i) - Ea(j)] for all i and j. However, the resolution can be much
worse than this and one can still obtain accurate values for the peak
positions provided a way can be found to relate the various Ea(j)’
such as assuming magnetic dipole or electric quadrupole hyperfine
interaction.

There are two important restrictions on the transition that
may be studied by this method, and these limit the number to
extremely few cases, considering the total number of nuclear
transitions, First, since an absorber is involved, the lower level
must be reasonably long lived, In practice this means the ground
state of a stable nuclide. Also, the absolute maximum change in
counting rate is the recoil-free fraction of the source fs’ so that £
- must be at least a percent or two for an effect to be observable.
This limits the transitions to energies of around 150 keV or less.,
The cross section, g2 for absorption by the resonant isotope of
y=-rays having the proper energy is

hzc2

) ZIex +1 1 1
% 21

1
. Is
221gd+1 l1+a 1+8 (I.5)

E
o

In this formula, Iex

resp., a is the total electron conversion coeificient, and B includes

and Ig q are the excited- and ground-state spins,

all other processes available for de-excitation of the excited level,
such as cascade via an intermediate level, For the absorber the

mass absorption coefficient for zero-phonon processes is
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1 o

T—faOO"A—- a. (1.6)
m

Here, A is the molecular weight of each molecule of the absorber, |

a is the fraction, by weight, of resonant isotopes, and No is

Avogadro's number,

2) Interpretation of the Spectra

For the experiments reported on in this thesis we have
chosen 5 transitions in 3 nuclei; the nuclear level schemes are
shown in Figure L 1. In order to obtain information about the nucleus
and its environment, we have studied the shape of transmission
spectra taken with various sources and absorbers,  Four mechanisms
that affect the shape of the observed velocity spectra have been
important for the present work. These are:

a) Line broadening. Each component line of the

spectrum is expected to have a minimum width of 2T'c/E o This
is never realized in practice. First of all, the generally non-
negligible thickness, t, of the absorber results in a broadening
according to Visscher's formula by an amount

_ 2Tc t
Av=0.135 TE—O— Tc—n; " (I.7)

However, for t = 5tm, the distortion from Lorentzian line shape
is not significant. Unresolved hyperfine splitting is also generally
present and contributes to line broadening but the shape is
frequently unaffected for practical purposes. Instabilities in the
drive or the mechanical mounting of the source and the absorber



can sometimes also cause line broadening. A special
effect, which we have had to consider in the experiment on

the 47-keV level in W183 , is a broadening that occurs when the

—1- tm' Morg

absorber is a powder and the size of the grains is = 5

will be said about this in Section III, 5.

b) Centroid shift. This may be caused in several

ways, such as by second-order Doppler shift or by gravitational
effects, Only the isomeric, or chemical, shﬁt is important for
us here. From the formula

LS. 2” Ze? [ |4 (0)1 - 14,0 | ][R (1.8)

P-Rygl,
we see that for an isomeric shift to result, two conditions must be
met: 1) the mean-square nuclear radii R in the excited and ground
states must be different; and 2) the electronic charge density

| 4 (0) |2 at the site of the nucleus must be different in the source and
the absorber. With this type of interaction, every component line
.of the spectrum is shifted by exactly the same amount as given by
Equation I. 8..

c¢) Magnetic hyperfine interaction. This is the inter-

action between the nuclear magnetic moment, i, and the effective
magnetic field, fi, at the nucleus, which may arise from the
electrons in the solid or be externally applied by the experimenter.
It has the Hamiltonian,

J"-M.=_U'H=—gHI'H; (109)



and the eigenvalues,

E = -gu Hm , (I.10)
where g is the nuclear g-factor, My the nuclear magneton, and
m=1 I-1, ..., -1, is the magnetic quantum number, The inter-
action results in a splitting of the nuclear levels if I # 0 and
resolved lines in the observed velocity spectrum if 2T - gunH.
Resolved lines result because the energy difference between the
excited state and the ground state is no longer unique, but has the
discrete set of values,

I g'unHm-'_+ gy Hm , : (I.11)
where the primes refer to the excited state and m and m' run over
all possible values.

Each of the (2I+ 1) x (2I' + 1) lines in the magnetic hyper-
fine spectrum has a corresponding relative intensity that may be
determined from the theory of radiative transitions, If the two
states with spins I and I' are connected by radiation of multipolarity,
L, then a photon has the probability,

2 ‘ .
I I' L Ts !

mm'(e) { m -m' Am} Z ym (e, (I.12)

of being emitted or absorbed at any angle, 8, relative to the

quantization axis (direction of H) in the transition between the

substates, (I, m) and (I', m'). In the formula, { } is ngner s

3j symbol, and Z has the following dependence on §:



Zé (8) = 1- cosze - (I.13a)
Zil (8) =-;—+-% cosze | (I.13Db)
Zg (8) = 2cos 29 - 2c:os4e (I.13c)
Z_Zl (8) =% - cosze +-§ cos4e (I.13q)
Zzz (8) =% - % C,OS49 . (I.13e)

These are the radiation patterns appropriate for dipole and quadrupole
radiation, and have been drawn in Figure I, 2 for convenience,

By using a ferromagnetic source or absorber and an
external field of suffucient strength to polarize them, the experi—
menter can control the direction of the photon relative to the
quantization axis. For example, application of a strong longitudinal
field fixes 6 = 00, while a field applied transverse to the photon
direction requires that § = 900. Single crystal sources or
absorbers also restrict the value of §. I an unpolarized powder
or bolycrystallme source or absorber is used in which the grains
are randomly oriented, then all values of 9 are possible, and
Formula (I, 12) reduces to

I T

m -m' Am ' (I.14)

d) Electric quadrupole interaction, This is the inter-

actmn between the nuclear electric quadrupole moment, Q and
the gradient of the electric field, ¥ E=- VVV, at the s1te of the
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nucleus, which is due to a nonspherical distribution of electric
charge surrounding the nucleus. It has the Hamiltonian,

H o=-35Y Q; (V4E)) (I. 15)

ij

nuc’

The electric field gradient is a second rank tensor, but can always
be brought to diagonal form by choosing the proper set of three
mutually perpendicular axes, fixed relative to the crystalline axes,
to correspond to the ij of (I, 15); furthermore, because of Laplace's
equation, E Vii = 0, only two of the Vii are independent. It is
customary to define

eq = sz’ the magnitude of the electric field gradient,

V. -V
and n = __?_va_ﬂ , the asymmetry parameter,
ZZ :
where the axes have been chosen.so that ]szl > lVyyi 2 | Vgl s
in which case, 0 < n < 1. With these definitions and the conventional
definition of the nuclear electric quadrupole moment eQ, the

Hamiltonian takes the form,

32QQ e n 42 A2
‘7"Q=:ﬁ(§r-‘iy{[31§'1(1+1>1 +Lg @L+101}  @.16)

A A A
where I =1 +1iI .
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If n =0 the eigenvalues and eigenstates ére obtained by
inspection from Equation I.16, Each substate (except the one with
m = 0) is doubly degenerate and is specified by + m., However, when
n # 0, J-LQ does not commute with FL_ . the magnetic quantum
~numbers are no longer valid quantum numbers for the substates, and
one must solve the secular equation for ;H-Q separately for each
different value of I. In the present experiments, only the
2+ level of W182 and the 5/2-level of W183 showed measurable
electric quadrupole interaction. The solutions for the secular
equations for these two values of spin are presented in Table III, 4.
The relative intensities of the transitions that result in these two
cases are also presented in the table,
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Figure I.1

Partial nuclear level schemes for W182, W183, and

Ptl%. Vertical arrows indicate the MUssbauer transitions,
For W83 the symbols K = 1/2 and K = 3/2 refer to the two

lowest bands.
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Figure I.2

(8).

Dipole and quadrupole radiation patterns Z Alrh
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II., EXPERIMENT

This chapter will describe the equipment and the materials
used in the performance of the MUssbauer experiment. There are
certain general aspects that practically all MUssbauer experiments
have in common, These are:

1) A source of y-radiation, generally produced by bom-
bardment of stable nuclei with energetic particles, such as neutrons,
protons, electrons, etc. The source may be used in the reactor

during or just after production, or at a later date.

2) A detector, sensitive to the y-rays of interest and
equipped with a discriminator for selecting pulses due to those
Y-rays.

3) An absorber or a scatterer, placed in the path of the
y-rays. When MUssbauer absorption takes place, the counting rate
decreases in the detector discriminator if an absorber is used since
the absorbed photons are removed from the beam and increases with
a scatterer, because the detector is excited by photons emitted from
the absorbing nuclei in the scz%tterer. |

4) A drive, which moves the source or the absorber in a
controlled and predictable fashion.

5) Recording equipment, which keéps a record of the
number of pulses (y-rays) appearing in the detector discriminator
when the source or absorber is moving at a certain velocity. This
record is the velocity spectrum (Figures III. 1-5, 7-9) and is
analyzed numerically to obtain the information sought from the
experiment,
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All of these features are present in the experiments
described in this thesis. However, in our experiments, only
absorbers have been used, and the drive motion has been imparted
to the source. Other equipment used in our experiments include a
specially constructed cryostat for cooling the source and the
absorber and magnets for polarizing the absorbers.

1) Sources and Detectors

As mentioned in the introduction (cf. Figure I. 1),

we are concerned here with five transitions in the three nuclei

W182, W183, and Ptlgs. Extensive experiments were performed

in only four of these, however, since the velocity spectrum for the

fifth, the 130-keV of Pt195, could barely be distinguished from the

background after 40 hours of counting,

Sources for the W182 and WlB3 measurements were

made by irradiating tantalum metal in a neutron flux of 3.3 - 1014

n/ cm2 sec at the Materials Testing Reactor in Arco, Idaho, Since

irradiation of natural Ta produces both Ta182 and Ta183, and since

the 100-keV line from the decay of Ta.182 and the 99-keV line from

the Ta183 decay cannot be separated by scintillation spectrometers

(cf. Figure II. 1), precautions had to be taken to avoid a simultane-

ous measurement of recoiless absorption in W182 and W183. For

the W182 experiments a 10-mil wire of Ta was used as source

since this was available from previous experiments on Ta.182 with

the bent-crystal monochrometer at Caltech and since the Ta183
(5.0 days) had had sufficient time to decay completely. The

absorbers were made with unenriched tungsten.
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For the W183 experiments the sources were 4-mil Ta foils
especially irradiated for the present experiments. After arrival
from the reactor they were checked with a lithium- drifted germanium
detector to determine the relative intensities of the 99 and 100-keV
v radiation (from Tals3 and Ta,lsz, resp.). Since some of the
higher energy peaks of Ta183 were easily resolvable from those
of Talaz, and since the intensity ratios of these peaks to the 99 and
100-keV peaks, resp., have been previously determined, 3) the
relative intensities of the 99 and the 100-keV peaks could be calcu-
lated. It was found that only about 0.015 y-ray of 100-keV energy
(Ta182) was emitted for every 99-keV y-ray (’I‘a183) at the time the
source was removed from the reactor. However, the absorption
coefficient (cf. Equation L 6) for resonant absorption by unenriched

3a)

tungsten absorbers is 7.3 times as great for the 100-keV y-ray

as for the 99-keV y-ray, and enrichment of the absorbers in W183

was necessary to reduce the W182 contribution to the velocity
spectra to a negligible amount. Because of the short lifetime of
T9.183 the time during which the source could be used was limited
to about two weeks after removal from the reactor, since at the end
of this time the W182 contribution had grown to nearly 2% of the
effect. |

The source for the Ptlg5 experiments was commercially

prepared and was 2 mCi of Aul95 activity diffused into a 1-mil Pt

foil.

A sodium iodide scintillation detector (1-1/2'" x 1") and a
double-delay-line amplifier were used to detect the y-rays at a
high counting rate. Since the detector was mounted close to the
source and a superconducting solenoid (see Section II. 4) was used

for longitudinal polarization of the absorbers, it was necessary to
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compensate for the strong stray field (~ 0.5 kG) produced by the
solenoid in order to avoid the use of a light guide which would have
decreased the resolution of the scintillation detector. This was
accomplished simply by surrounding the photomultiplier witha u-
metal mantle and a compensating coil. Adequate compensation
could be provided, and almost the same resolutidn was obtained
as in the absence of the stray field. The window of the single-
channel analyzer, set for the relevant photopeak, contained about
50% background from other lines for the 100-keV transition in W182
and about 80%, 85%, and 35% for the 99-keV (W123), 46.5-keV
(W183), and 99-keV (Pt195) transitions, respectively (see Figure
II.1). The 47-keV line was enhanced by the use of a critical
absorber of 180 mg/cm2 Tb407. The precise position of the 47-
keV photopeak was determined by recording the difference between
pulse-height spectra obtained with and without recoiless absorption,
i. e., with the source stationary and with the source oscillating with
high velocity.

All source material was mounted in a holder like the one
shown in Figure II. 2. The tubular end of the holder fits firmly
. onto a rod that extends from the drive (as in Figure II. 3). Working
with solid or powdered source material is made much easier with
this design, since the material can be placed into the cap and the_body
screwed down tightly, When sufficient precautions are taken, the
outside of the holder does not become contaminated and the material
is completely and rigidly held in place.
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2) Absorbers

For the Wla2 and W183 experiments the absorber

3 WSz, and

alloys of W with Fe, Co, and Ni. As pointed out in the previous

material used included W metal, the compounds WO

section it proved necessary to use enriched materials for all the

experiments performed with the 99-keV radiation of W183. The
enriched tungsten was obtained as W18303,(82. 5% W183, 6.4% W182),
183

and thus all the absorbers for the W experiments had to be
produced with the oxide as starting material, Since the nuclear
moments of the 99-keV state were obtained as ratios to the
moments of the 100-keV state, the absorbers for the W1o2
experiments had to be made in the same way, but with unenriched
WO3 as starting material.

Absorbers of tungsten metal powder used tungsten
produced by the reduction of WO3 in a hydrogen atmosphere at
85OOC. Tungsten sulfide, WSZ’ was made by fusing a stoichio-
metric mixture of tungsten (produced as above) and sulphur in a
pure nitrogen atmosphere in a sealed quartz tube at 900°C.
Experiments on W182 were also done with commercially obtained
W and WSZ‘ The velocity spectra obtained for the two types of
tungsten showed no significant difference, but the spectra for the
two types of WS2 were in total disagreement, in spite of the fact
that their x-ray diffraction patterns were identical. (Compare
Figures II.7 and 8 and see Section II. 3a for further discussion. )

The alloy absorbers for both W182 and W183 contained
1.8 at.% tungsten dissolved in ultrapure iron, cobalt, and nickel,
except for the tungsten-iron absorbers used for the measurements

on the 46.5 -keV transition, which contained 3.6 at.% tungsten.
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182 ot the effective

fields were the same for the two concentrations of tungsten.) The

(It was verified by Mbssbauer experiments in W

alloys were prepared by pressing tungsten powder (enriched for

182) into a small

experiments on the 99-keV level, natural for W
cavity in a pellet of the host material. By the use of the high-
frequency field of a 5-kW " induction furnace the pellet was levitated
on a water-cooled silver boat and melted in an argon atmosphere.
Then the melt was kept for around 5 minutes at a few hundred degrees
above the melting point to homogenize it. The alloy was shaped by
repeated rolling and tempering in hydrogen to obtain disc-shaped
absorbers, which were used mainly for measurements with trans-
verse applied fields. For measurements without applied

field and with longitudinal field the absorbers were usually prepared
by grinding the tempered alloy on a fine india stone and dispersing
the powder (average grain size: 3.5u) in molten wax. However, this
was not possible for the absorbers used with the 99-keV radiation of
W183, since one of the disadvantages of making absorber material
starting from enriched material is that it is prohibitively expenéive
to obtain large amounts of the materia;. It was thus difficult to

erind the WHoo

and it was therefore necessary to use the disc-shaped absorber for

-Fe alloy with the small amount of material available,

the experiment with no applied field. Only partial polarization was
achieved however, as is evident from the velocity spectrum (Figure
III. 3). Several experiments were also done with tungsten-iron alloy
produced by another technique. It was prepared by arc-melting in an
argon atmosphere and carefully annealing in hydrogen and resulted in
a slightly smaller effective field than the material produced with the

induction furnace (see Table III. 2).
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The Pt195 experiments used absorbers of Pt metal, the
commercially obtained compounds Pt O, Pt 02, PE Clz, Pt Cl4,
and alloys of Pt with Al, Au, Fe, Co, and Ni. Most of the alloy
absorbers were prepared similarly to the W-alloy absorbers by
high-frequency melting, rolling, and tempering. A Pt-Fe alloy
was prepared by arc~melting and carefully annealing for several
days, but no change in the velocity spectra was observed for the
two absorber preparations. '

All of the alloys for both the W and the Pt experiments
were carefully checked by x-ray analysis, and it was verified that
they were all solid solutions except for the Pt-Al alloy. In this
case the x-ray analysis indicated intermetallic-compound forma‘cion,
which is to be expected since a solid solution at room temperature

5)

can be acquired only by extremely rapid quenching, _
The absorbers were generally in one of three forms: solid
plates or discs, powder dispersed in wax and shaped in a pill press
to form a pellet, or powder held fixed in a plastic container,
Tungsten and all the compounds were powdered absorbers, while
Pt and the alloys were generally plates. Various reasons dictated
the choice of the form of the absorber. For example, Pt is supplied
as a foil; flat plates were used for the alloys with Fe, Co, and Ni
to facilitate transverse polarization; on the other hand, for measure-
ments without applied field powdered absorbers were used since this
ensures that the orientation of domains is random. For convenience
all powdered absorbers were in the form of wax pellets except those
for the 99-keV experiments on W183. The WIS?’O3 and the-W183
powders were held rigid in disc-shaped plastic containers rather
than being mixed with wax for economic reasons., After the experi-
ments were performed the powders were recovered for use in making

WS2 or W-alloy,
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3) Drive and Data Storage

The motion of the source was provided by synchronizing
the motion of a transducer with a multichannel analyzer operating in
the multiscalar mode, as has been described in detail elsewhere?’)
The transducer provided a velocity of triangular waveform to within
0.3%, as determined from the error signal. The electromechanical
drive was calibrated by measuring the velocity speétrum of a single-
line 0057 source versus an absorber of Fe5'7 in Armco iron. An
additional confirmation of the linearity of the velocity waveiorm was
provided by taking calibration spectra at several different settings
of the peak-to-peak velocity., Calibration spectra were measured
with the source at 300, 77, and 4,2°K and the absorber at room
temperature. The relative positions of the lines were those of
Preston et al., 7_) which were used as the standard, to better than
0.4%. The data stored in the analyzer were punched onto paper tape,

which was then converted into IBM cards for use with the computer
- program that analyzed the data. ' ‘

4) Special Equipment

Because of the high energies of the transitions investi-
gated, cooling of both the source and absorber is required to obtain
a measureable resonant absorption except for the 47-keV experi-
ments, Most of the experiments were therefore performed at liquid-
helium temperature in a cryostat as shown in Figure II. 3. The
cryostat consists basically of two coa.xi’?al cylilgdrical containers

- 10

container is made from an aluminum ftube and the inner one from

separated by an evacuated volume (10~ torr). The outer

thin (7-mil) stainless-steel sheet. The inner one is wrapped with

about forty layers of "super-insulation', a submicron glass paper
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alternating with layers of 1/2-mil aluminum foil. Each layer of
aluminum foil is separately connected to the inner container above
the helium level so that the outer foils are connected to the upper
warmer part of the container. With this arrangement the heat
content of the outgoing gas is efficiently used. At the top of the
cryostat is placed a set of thin stainless-steel plates, which serve
the double purpose of radiation shields and separators for a number
of gas layers, thereby reducing the convection. These reflector
plates and the filling tubes are mounted to the plate covering the
top of the cryostat. A center hole in this assembly allows the
extended part of the drive system, containing the source and the
absorber, to be easily inserted into the cryostat. The transducer
itself rests on the top plate ouiside the cryostat. The construction
of the cryostat is simple and inexpensive, and a helium consumption
of about 0.13 ¢ /h is generally achieved.

The transducer, the source, and the absorber are
enclosed in a container that is easily removed from the cryostat.
The lower extended part, the source tube, is made of thin-walled
(10-mil) stainless steel. It is surrounded by the liquid helium, but
is closed on the lower end by a thin beryllium disc which serves as
a window for the y-rays and allows the container to be evacuated
and filled with an exchange gas for heat transfer. The drive motion
is transmitted to the source by an extension rod (1/4" dia., 6-mil
wall stainless-steel tube) which is centered by a spiral-shaped
phosphor-bronze spring in the absorber holder, which is held firmly
in place in the source tube by a stiff spring. By lifting off the cover
to the drive container and pushing the exposed center tube of the
drive (containing the drive coils) downward, the absorber holder is
brought into the position where the centering spring is unextended.
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A small carbon resistor mounted on the extension rod is used to
monitor the temperature of the source and the absorber, The ease
with which the source and absorber may be removed from the
cryostat, changed and re-inserted allows the use of strong sources.
For the magnetization of the absorber in a direction
transverse to the y-ray beam, a C-shaped permanent magnet is
used and is mounted to the outside of the source tube. It provides
a field of about 2.5 kG in the plane of a disc-shaped absorber.
Longitudinal magnetic fields of up to 50 kG at the absorber are
supplied by a superconducting solenoid. Current leads to the coil
and the heater for the superconducting switch are passed through
a long thin-walled stainless-steel tube and end in four annular
contact surfaces that mate with the solenoid contacts. It is
important to avoid contamination of the contacts with films of
solid air or ice since the increased contact resistance causes
unnecessary heating which results in excessive helium loss during
the charging of the coil. Current to the coil up to 30 amperes is
supplied by a simple transistor circuit powered by storage batteries.
The velocity spectra for the experiments with the 100-
keV radiation of W182 (Figure II. 1) demonstrate that the polari-
zation of the absorber was just as expected: longitudinal, trans-
verse, or random, as appropriate. We were thus assured that
complete polarization or randomness was obtained in the absorbers
used for the 99-keV experiments in W183 and Pt195 even though we
were not able to verify this fact directly because of the poor

resolution of the velocity spectra in these cases.
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Figure II. 1

NalI(T1) scintillation spectra for the Ta182, Ta183, and

Aulg’5 sources, The solid lines represent the full scintillation
spectra, and the dashed lines the discriminated peaks. The
hatched areas indicate the background included in the peaks.

The number on the ordinate is a typical rate in the discriminated

peak with the absorber in place.
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Figure II. 2

Source holder. The source material is placed in the
cap and the body is screwed down with wrenches fitted to the
flats. The body is bored out to be fitted onto the drive extension
rod, and the sides are slit to provide tension.
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Figure II, 2
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Figure II. 3

Schematic diagram of the cryostat and the drive system

used in the experiment.

/
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III. RESULTS

Shown in Figures III. 1-5, 7-9 are examples of velocity
spectra illustrating the various experimental situations encountered.
Partially resolved magnetic hyperfine spectra have been obtained
for the 100-keV transition in W182, the 99-keV in W183, and the 99-
keV in Pt195 (Figures III. 1-5), and have been used to obtain Heff
for W and Pt in Fe, Co, and Ni. The magnetic moments of the 99~
keV levels in WIB3 and Ptlg5 have also been derived, Spectra with
structure originating in electric quadrupole hyperfine interactions
(Figures II. 7-9) have been used to obtain the ratio of electric
quadrupole moments Q(2+)/Q(5/2-) for W182 and W183 and also the
gradient of the electric field eq for W82 and eq and the asymmetry
parameter n for WO,. An isomeric shift has been identified for
the first time in Ptlgg (cf., Figures III. 4-6) and has yielded infor-
mation about the first-excited and ground-state radii., An estimate
has been made for the lifetime of the 99-keV state of W183, but
because unresolved broadening is present in the corresponding
spectra, the error is quite large. The 47-keV transition of W183
is so broad that structure cannot be resolved. We have treated this
case specially (cf. Figure III. 10) in order to obtain a value for the
magnetic moment and the lifetime of the 47-keV state.

The spectra have been analyzed on the Caltech IBM 7094
computer by fitting them with the least-squares method to a sum of
Lorentzian-shaped lines (Equa:tion I.4). The interpretation of the
spectra is based on Section 2 of the Introduction, and the application
to each particular case will be made as we discuss the analysis of
each spectrum. A number of variable parameters determine the

positions, intensities, and widths of the lines. These parameters
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are: background B; slope of the background S; total dip of the
spectrum (% effect) H; peak width w; center shift (Pi:l'95 only) c;
parameters used in specifying the peak positions e(j) when magnetic
dipole or eiectric quadrupole interactions are present; and additional
parameters used when it is desired to vary the relative intensities
h(j) of the component peaks in the fitting procedure. The formula
we used in fitting the spectra was based on Equation L 4, and has

the form

N .

S H h(j)

Ko ot (I 1)
10° 102:;1 1+%[v—c—e(j)]2}

W

~where v is the instantaneous velocity of the source, R is the counting
rate in the detector, and N is the number of component peaks. The
formula represents the sum of a slanted baseline and a number of
Lorentzian peaks. The slanted baselines are thought to be caused by
phase shifts in the pulse electronics. A spectrum was taken with a
nonresonant absorber to verify that the baseline was linear. The h(j)
are normalized by requiring & h(j) = 1.

Sometimes, and particularly for the Pt-Fe spectra of Pt195,
a considerably improved determination of essential parameters can
be achieved by a combined fitting procedure in which several different
spectra are analyzed together 'in one single least-squares procedure.
A parameter in the function assigﬁed to fit any one of the spectra
might also be used in the functions for other spectra. An example
of this is the line width corrected for absorber thickness. Therefore
spectra measured under different but complementary conditions
(e. g., applied magnetic fields) and fitted together usually determine
a common parameter more precisely than the same spectra fitted
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individually. If a combined fit of several spectra is possible,
syStematic errors might be revealed if present in one spectrum

bui not in the others.

1) Magnetic Hyperfine Interaction

For three transitions partially resolved magnetic
hyperfine interaction was observed: the (2+-O+) 100-keV of W182,
the (5/27-1/27) 99-keV of WIS, and the (3/27-1/27) 99-keV of Pt1%°,
These spectra are shown in Figures III. 1-5, In each case the heavy
solid line that runs through the experimental points is the fitted
spectrum, and the lighter, smaller curves are the Lorentzian peaks
that contribute to fhe resultant spectrum. The positions of the
component peaks and their relative intensities are determined in
accordance with the rules described in Section I. 2c.

Formula (I.11) gives the general relation used in

fitting the peak positions; it is used in the following form:

E =E +gu Hlm- (g8/g)m']. (I 2)

In this formula E0 represents the experimental centroid shift of the
spectrum, gu  H is the splitting of the sublevels of the ground state,
and g'/g is the ratio of the g-factor of the excited state to that of the
ground state. Thus if I# 0 (as in W183 and Ptlgs),
parameters to be varied in the fit are gH, H and g'/g. However

if 1= 0 (as in W'2), then -

the magnetic

- ‘e it 1
E o = E,-gu Hm', (1. 3)
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and the variable magnetic parameter is g'p.n H only.

The relative intensities of the component peaks depend on
the spins of the ground and the excited state, I and I', respectively,
on the multipolarity of the radiation, L, and on the polarization of
the absorber., For "No Hext” (as used to designate the spectrum in
the figures) formula (I. 14) holds. For "|| H_ " or "l H
formula (I.12) must be evaluated. Table III. 1 gives the relative
peak intensities obtained in this manner. Since the polarization of
the absorber was known, the peak intensities were not allowed to

vary from the values listed in the table.

a) (2+ - 0+) 100-keV transition in W182. The best resolved
of the spectra obtained in this work are those of Figure III.1. These

are spectra measured with a Tal82 source and tungsten-iron absorbers

in various field configurations. The quality of the fit in each case
demonstrates that for "|| H, ' and ”_[_I-Ie «  complete alignment was
@f:hieved and for ""No He xt” the alignment was completely random. |
These spectira were also subjected to a combined fit (Results in
Table III. 2) by restricting the magnetic parameter g'un H as well
as the widths of the individual Lorentzians to the same values for all
spectra. Small corrections for the effect of the external fields on the
splittings (for || H, xt) and for the differences in the effective absorber
thicknesses due to different spectrum shapes were taken into account.
The combined fit gave results and errors not significantly different
from the individual fits and thus served as further confirmation that
the absorber polarization was as intended.

The internal field at the tungsten nucleus was determined
by adopting the value g(2+) = 0,24 for the g-factor of the ot state, an
average of several recent measurements, 8) and consistent with the
value 0.25 calculated by Nilsson and Prior. 9



38

In Figure III. 2 are shown spectra taken with absorbers of
tungsten dilutely dissolved in cobalt and nickel. Since systematic
errors affecting the polarization of the absorbers were found not to
be present for the experiments on W dissolved in Fe, the measure-
ments were performed only with transverse applied field. The peak
heights were taken in the {it to be those appropriate tQ the transverse
polarization. To obtain He o @ value was adopted for g(2+) , as above,

A check on the reliability of the fitted spectra when they are
composed of a number of Lorentzian peaks is provided by comparing
the width of each component peak with the width of an absorber with-
out hyperfine interaction, in this case tungsten. By referring to
Table III. 2, we see that the width of the component peaks in the
magnetic hyperfine spectra agree well with that measured for a pure

tungsten absorber, after correction for absorber thickness.

b) (/27 - 1/27) 99-keV transition in W183. The observed

183

magnetic hyperfine patterns, shown in Figure III, 3 for a Ta
source and enriched tungsten-iron absorbers in the various field
configurations were subjected to a combined fit similar to that for

the Ta182 spectra. However, since a disc-shaped solid absorber

was used for the measurement without any applied field and an experi-
ment with Ta182 and a solid absorber of similar shape indicated a
partial magnetic alignment, a combined fit was also performed
excluding this Ta183 measurement. (The results of these fits are
included in Table II.2.) For both types of combined fit, a determi-.
nation of both the internal field and the g-factor of the 5/2 state was
attempted, but due to the strong correlation between the two
parameters the fits were very little aifected by a change in the value

of either of them, and both parameters could not be accurately
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determined from the Ta183 measurements alone, Therefore, the

internal field was fixed at the value determined from the Ta,182
measurements, and as a consequence the value obtained for g(5/27)
depends on the adopted g-factor of the o* state in W182. Our results
have been computed on the basis of the combined fit that excluded the
no-field measurement, because the partial magnetic _alignment of the
absorber in the absence of an applied field resulted in a poorer fit
when this measurement was included. The ratio g(5/2 )/ g(2+) = 1.40
+ 0.04 is constant to well within the error for g(2") within 0.2 < g(2%)
< 0.3 and can be used to evaluate g(5/2 ) when g(2+) has been
consistently .determined.

It is possible to fit the present measurements also with
a negative g-factor for the excited state, as well as the positive value
we have been considering so far. The fit is, however, not so good as
with the positive value, and the width of the fitted Lorentzians agrees
not so well with the width determined for a tungsteh absorber (refer
to Table III, 2). A negative g-factor can therefore be ruled out.

c) (3/27 - 1/27) 99-keV transition in Pt195. The
magnetic hyperfine patterns obtained for different field configurations

and alloys of Pt with Fe, Co, and Ni are shown in Figures III. 4 and 5.
The spectra show little structure, and the individual peaks are not
resolved. But an isomeric shift is clearly observed for the alloys
and will be discussed in the next section. The relative intensities of
the peaks in the fits were taken to be those appropriate for a pure Ml
transition. 10), 11) Fits to the individual specira revealed a strong |
correlation among four parameters, namely excited-state g-factor
83 /92 effective field Heff’ width w, and effect, i.e., dip of the
absorption spectrum. A unique determination of these parameters
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was therefore not possible., However, the situation was found to
improve markedly when a simultaneous fit was performed to the
spectra for all three field configurations. The parameters g3 /27
H_ge, isomeric shift (I. 8.), and width corrected for the difference
in the absorber thickness were constrained to be the same for the
six sets of data we had to fit. As a consequence the strong
correlations among the four parameters, i.e., the corresponding
off-diagonal elements of the error correlation matrix, were reduced
up to 50%, and unique and rather precise values can be quoted for
these parameters. The results are presented in Table III. 3. The
result for gS/Z is based on the value gl/z = 1,21204. 12)
As a check on the internal consistency among the
individual measurements, drastically changed weights were assigned
to them, and the simultaneous fits were repeated. The spread of the
parameter values that resulted was compatible with the standard
deviations. In fitting individual spectra minima for Qz could some-
times be obtained for different sets of parameters. With this in
mind we repeated the simultaneous fit searching for other minima,
but none was found, L
Figure III. 5 shows spectra from measurements with
transverse applied field on Pt-Co and Pt-Ni absorbers. By
constraining g3 /2 to the value obtained from the fit to the Pi-Fe
data, Heff could be determined for the other alloys. The results

for the fits are presented in Table III. 3.

2) Isomeric Shifts

82 183

a) W1 and W™"", No evidence for an isomeric shift
has been found in the measurements reported here (upper limit:

0.05 mm/sec in W182).
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b) Ptlgs, 99-keV, Isomeric shifts are clearly
observed for Pt in Fe, Co, and Ni (see Figures III. 4 and 5). In
addition to these alloys, shifts were measured also for 20 at. % Pt
in Au and 0.7 at.% Pt in Al. The shifts are plotted in Figure III. 6
versus the electronegativity of the host metal. Isomeric shifts have

also been observed in some compounds of Pt; namely, PtO (-0.34
+ 0.11 mm/s), PtOZ(—O.4O + 0.08 mm/s), PtClz(-O.l + 0.2 mm/s),
and PiC1,(-0.3 + 0.3 mm/s).

From Figure III. 6 it is seen that the isomeric shift

4(_

for the alloys decreases linearly with decreasing electronegativity13) ,

of the host element. (Pt-Al should be disregarded since it was not a
solid solution. Refer to Section II.2). This trend is opposite to that
observed for Aulg'7 by Barret et 3_1.133)1‘5 we adopt the line of reasoning
that decreased electronegativity of the host material results in an
increased electron density at the impurity nucleus, it follows that

the mean square radius of the Pt195 nucleus in the first-excited state

is smaller than that in the ground state.

3) Electric Quadrupole Interaction

Only the (2* - 07) 100-keV transition of W12 and the

(5/2° - 1/27) 99-keV transition of W183 yielded measurable electric
quadrupole interaction. The observed spectra are shown in Figures
II1.7-9. The positions of the component peaks in these spectra are
given generally by Equation I. 16, since the ground states are unsplit
by the quadrupole interaction. For I= 2 and I=5/2 Table III. 4 gives
the energy levels E resulting from the electric quadrupole intei'action,
the substates {§, and the relative transition intensities T from the
ground state expected for a polycrystalline absorber with randomly

oriented crystallites. In the table equ is the electric quadrupole
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splitting factor, and it was varied in the fitting of the spectra, For
fitting WO3 spectra, m was also variable, In several cases the
relative peak heights given in the table did not provide a good fit,
and were therefore allowed to vary. |

a) (2+ - O+) 100-keV transition in W182. The observed

electric quadrupole patterns for the 100-keV transition in W182 are

shown in Figures II.7 and 8. The analysis (results in Table II. 5)

of the tungsten disulfide spectra was performed with n = 0 since
WSZ is axially symmetric. ¥ It was found that fixing the relative
peak intensities at 2:2:1 (cf. Table III. 4) did not give a good fit.
They were therefore allowed to vary, and the fit improved. The
analysis of the velocity spectrum for the interaction energy equ
was found however, to be insensitive to the relative intensities.
Spectra were taken with absorbers 6f commercially
9° The peak
heights fit to the spectrum for the commercially obtained WS

obtained and laboratory prepared (see Section II.2) WS
2
deviated more strongly from the expected 2:2:1 ratio than the home
prepared material, and the deviations of the peak heights for the two
preparations were of opposite sign. X-ray and spectroscopic
analysis showed no difference between the two materials. In view

of the exceptionally high magnetic susceptibility of tungsten disulfide,
the measurements on the commercial material were repeated at
1.50K with the absorber in a magnetic field of 50 kG to check on a
possible magnetic interaction. No change in the anomalous spectrum
was observed, At 7 70K a quadrupole pattern with peak intensities in
the expected ratio of 2:2:1 was obtained (Figure III. 8), which
contradicts an explanation in terms of an anisotropic Debye-Waller

factor. 15) So far, no explanation for this effect is available,
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In view of the difficulties encountered in the study of
the-quadrupole interactions in tungsten disulfide, a similar study
of tungstic oxide was performed to obtain an independent determi-
nation of the ratio of the quadrupole moments for W182 and W183.
The symmetry at the site of the tungsten nucleus in tungstic oxide
is known to be low and implies a non-axially symmetric electric
field gradient, i. e. n # 0, at the tungsten nucleus. As is demon-
strated in Table II. 5 and Figure L. 7, a .reasonable fit to the
measured velocity spectrum for the transition in W182 requires

a large asymmetry parameter, contradicting previous results. 16)

b) (5/2 - 1/27) 99-keV transition inW183. The

velocity spectrum obtained for a Tala3 source and an absorber of

enriched tungsten disulfide shows very little structure, as seen
from Figure III. 9. Therefore, the analysis of this spectrum is
not very sensitive to the relative intensities of the peaks. Since
the compound was prepared by the same technique as that for the
W182 measurement, the relative intensities of the lines were
inferred from that measurement and were kept fixed in the least-~

squares fitting procedure. The parameters equ for W182 and

W183 in WS2 could therefore be directly compared and the ratio
Q(2+)/ Q(5/2") obtained. In fitting the velocity spectrum obtained
with the WO3 absorber,lgg was fixed and set equal to the value
determined from the W experiment. The resulting ratio of the
quadrupole moments is in good agreement with that determined
from the tungsten disulfide experiments,

& Pt195

an electric quadrupole hyperfine interaction with this transition,

, 99-keV. An attempt was made to observe
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Absorbers of PtClz, PtC14, PtO, and P*tO2 were used but no

statistically significant quadrupole interaction was seen.

4) Line Widths

Each spectrum fitted is assumed to be one Lorentzian
dip or a composition of several, all of the same width. For each
transition studied the widths of component peaks of the composite
specira were not significantly different from the width obtained for
the unsplit absorber when the broadening effects due to absorber
thickness were taken into account, Because these widths matched
the width of the unsplit absorber, our confidence in the correctness
of the fits was increased. Factors contributing to the widths of the
peaks are discussed in Section I, 2a.

a) W182, 100-keV. The widths obtained from the

various experiments on the (2+ - 0+) transition in W182 are in good

agreement with the width observed using a tungsten metal absorber.
The mean of the experiments, corrected for absorber thickness is
2.30 + 0.06 mm/sec. A smaller value for this width, 2.0 + 0,2
mm/sec, has been quoted elsewhere. 17) The discrepancy might be
due to source brdadening and to some extent to noise produced by
the boiling liquid.

83 182

b) wl , 99-keV. As for W™ 7, there is good agreement
183

among the widths determined for the (5/2° - 1/27) transition in W~ "7,

These widths do not, however, correspond to the natural width,
because of source broadening. After the decay of Ta183 the source
was checked in a W182 experiment, and the width observed with an

absorber of 20 mgW/ c:m2 was 3.5 mm/sec. In spite of this broadening
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the spectrum shape was practically Lorentzian; hence the analysis
of the w183
justified. One can estimate the lifetime of the 5/2  state if one

(99-keV) spectra in terms of Lorentzian components is

corrects for the source broadening 'by assuming it to be caused by
distributed electric field gradients. Then the width is 3.9 + 0.4
mm/sec, which corresponds to the half-life T1/2(5/2_) =078 % 0.07
nsec.

c) Pt195, 99-keV. The width, corrected for thickness
broadening, taking an average over several of the experiments is

18.0 + 0.3 mm/sec, which implies an lower limit for the lifetime of

this state of T1 /2 > 0.154 nsec. This agrees with the electronically
18)

measured lifetime of T1/2 < 0.16 nsec.

5) Special Case: 47-keV transition in W183

A determination of the lifetime and the magnetic
moment of the 3/2 state in W183 was attempted. The dependence
of the absorption spectrum on the thickness of tungsten metal and
tungsten-iron alloy absorbers was studied. For absorbers of uniform
thickness, the half width of the nearly Lorentzian velocity spectrum
is expected to depend li_nearly on the thickness of the absorberlg), and
the width corresponding to zero thickness can be determined by linear
extrapolation, as demonstrated in Figure III. 10. Fine powder
(average grain size ~ 0.5 and ~ 0.02 recoilless resonant absorption
lengths for W and W-Fe, respectively) dispersed in wax was, however,
used for the absorbers. It was found for the tungsten measurements
that the widths measured are aﬁeci:g;:l by the absorber granularity to

the extent that Visscher's formula cannot be used to determine the
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natural line width. The effects of absorber granularity have been
treated in detail elsewhere. 20) The correction to the extrapolated
width is approximately proportional to the grain size measured in _
units of the recoilless resonant absorption length (tm of Equation I. 6).
In Figure III. 10 estimations of this correction to the tungsten
measurements are indicated, from which it is inferred that the
corresponding correction to the tungsten-iron measurements is
negligible due to the much smaller grain size.

To avoid granularity effects, and since sufficiently thin
tungsten metal foils could not be obtained, solid absorbers of
tungsten-nickel alloy were used for the determination of the natural
line width of the 46.5-keV transition, Line broadening due to
magnetic interaction is negligible. From a combined least-squares
fit to the observed velocity spectra for six absorber thicknesses,
restricting the fitted widths to be proportional to the thickness of
the absorber, the width for zero absorber thickness was determined
to be 32.0 + 0.8 mm/sec, which corresponds to the half-life
T1/2(3/2-) = 0.184 + 0.005 nsec. Similarly, the velocity spectra
obtained for tungsten-iron absorbers were fitted in one least-squares
procedure., The value 32.0 + 0.8 mm/sec was taken for the width
corresponding to zero absorber thickness, and the ground-state
splitting was fixed to a value in accordance with the measured
mtérnal field, The magnetic moment of the 3/2  state was then
determined by the fit: g(3/27) = -0.07 + 0.07 or g(3/27) = 0.2 + 0.2.
Only negative values for g(3/2 ) are, however, consistent with other
experimental quantities (cf. Section IV, 2) . A fit to the W-Fe data
with variable width for zero absorber thickness was also possible
and gave values in agreement with the above, but with somewhat larger

errors,
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Figure III. 1

Recoilless resonant absorption spectra for the 0+- ot
transition (100 keV) in Wm2 for tungsten dilutely dissolved in
iron, The specira correspond to various magnetic alignments
of the absorber relative to the y-ray beam. The slightly slanted

baselines are thought to be caused by phase shifts in the pulse
electronics.
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Figure III. 2

Recoilless resonant absorption specira for the 0" -2"
transition in W182 for absorbers of tungsten dilutely dissolved
in cobalt and nickel and of tungsten metal powder., The
ferromagnetic absorbers were magnetized in a direction
transverse to the y-ray beam. The slightly asymmetric
velocity pattern for W-Co may indicate presence of quadrupole
interaction. A somewhat better fit to the spectrum was
obtained assuming combined magnetic and quadrupole inter-
action. The quadrupole interaction may be appreciable, but
it turns out that the value determined for the internal magnetic
field is practically not affected.
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Figure III. 3

Recoilless resonant absorption spectra for the 1/2° -
5/2" transition (99 keV) in W183. A disk-shaped absorber of
enriched tungsten dilutely dissolved in iron was used. The
solid curves are the fitted functions for the three spectra
simultaneous fitted by the least-squares method. The dashed
curves correspond to the fit to the two spectra measured with

applied fields.
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Figure III. 4

Velocity spectra for the Au195 source versus Pt-Fe
absorbers for the different field configurations.
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Figure HI. 5

Velocity spectra for the Au195 source versus

absorbers of Pt-Co, Pt-Ni, and Pt.
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Figure III. 6

Plot of the isomeric shift of platinum alloys versus the
electronegativity of the host element. The deviation for Pt-Al
from the general trend might be because the platinum is not in
a solid solution. In the.insert isomeric shifts for some platinum
compounds are shown related to the valency of platinum,
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Figure II. 7

Electric quadrupole patterns observed for the g u
transition in W182 for absorbers of laboratory prepared tung-
sten disulfide and tungstic oxide, For WSz, the solid curves
correspond to the fit obtained with peak intensities fixed to the
ratio 2:2:1, and the dashed curves are obtained with inde-
pendently variable peak intensities. For WO3, the solid curves
correspond to the fit with variable symmetry parameter n; the

dashed curves are obtained with n = 0.
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Figure II1. 8

Electric quadrupole patterns observed for the o*. 5"
transition in W182 for absorbers of commercially obtained
WS2 taken at nitrogen and helium temperatures. The solid

curves correspond to the fits obtained with peak intensities
fixed to the ratio 2:2:1, and the dashed curves are obtained

with independently variable peak intensities.
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Figure III. 9

Electric quadrupole patterns observed for the 1/2™ - 5/2"
fransition in W18'3 for absorbers of enriched tungsten disulfide
and tungstic oxide. Solid and dashed curves co_rrespond'to those
in Figure 5. The lower spectrum is obtained with an absorber

of enriched tungsten metal powder.
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Figure III. 10

The dependence of the measured width on the absorber
thickness for the (3/2" - 1/27) 47-keV transition in W1°S and
absorbers of W, W-Ni, and W-Fe. Note the shifted scales for
the widths. An experimental point indicates the width of the
Lorentzian fitted to the measured velocity spectrum, and the
error-bars correspond to standard deviations. One measure-
ment for W-Ni corresponding to the point (15.3; 55.9 + 2.4) is
not shown in the diagram; the point falls exactly on the extension
of the solid line. A solid line corresponds to the thickness
dependence of the width of one single Lorentzian, determined
by the combined fitting of all the measured velocity spectra for
the particular absorber material. The error bars on the
vertical axis give the standard deviation of the extrapolated
width determined from the combined fit. For W the dashed
lines give the width dependence expected for solid tungsten
absorbers. They were obtained by correcting the fitted solid
line for granularity effects. The average grain size (~ 3.5 M)
was measured and the following values were assumed for the
Debye temperature (eD) and for the total internal conversion
coetficient (a;) : @) 0 = 360°K, o (=76, b) oy = 320°K,
oy = 8.4, c) 6p = 280°9K, g = 9.2, TFor W-Fe the dashed line
gives the width of the composite spectrum at half maximum
determined by the fit.
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Table IOI. 1

Transitions between magnetic substates and relative
transition intensities. The transition intensities are based
on Equation I.12 of Section I.20, where the symbols are

explained, and are given for each field configuration used.
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Table III. 2

Results from the study of the magnetic hyperiine
interactions. Numbers within parentheses are standard
deviations. The errors given are standard deviations
increased to include the spread of the values and to take
account of the uncertainties in the corrections as well as
the precision of the velocity calibration. H._ , corresponds

int
to H of the text.
eff



Table 101, 2

h)

h, )

souece | Asocber [utckness | Feced wiaen | Spreeted |Betisd Suwce | 1T Ul | e ® |
mgwlcm2 mm/sec mm/sec mm/sec kG kG/megneton
W-Fe | 44 2.40 (0.04) 2.28 | 1.596 (0.008) | 715 % 10 320 CF 0,1, [l | 1.08 (0.05)
H-Fh:z) 32 2,45 (0.04) 2,36 | 1.519 (0.009) | 680 # 10 CF Oyl uk- 0.95 (0.04)
1y 0% w-co| 33 2.43 (0.11)|  2.34 | 0.806 (0.015) | 360 £ 10 190 SF 1 1.19 (0.14)
W-Ni |- 24 2.30 (0.11) 2.24 | 0.200 (0.043) | 90 * 25 150 SF 1 1.43 (0.14)
] 20 2.52 (0.06) 2.23 SLF 0.95 (0.14)
2.30:0.33
Ground State 3(5/2-f”k)
Splitting
W -Fe| 48 4.90% (0.20) 4.55 |0.89 (0.48) [400 (2200 0.53 (0.26) |cF 0,1, % | 1.19 (0.05)
-Fe| 48 5.08d)(0 12) 4,73 1.57 g) 0;327 (0.002) | CF 0,1, |- | 1.19 (0.05)
AL worel 48 s.02D0a2y | a7 | 157 g 0.338 (0.002) | cF 1, | 6.92 (0.07)
W -Fe| 48 A.szd)(o.ls) 4,30 1.57 g) -0.237 (0.003) | CF 0,1,'}}1) 1.47 (0.05)
v 22 5.35 (0.18) 4.67 . SLF 0.94 (0.14)
4,7 £ 0.2 0.3 + 0.01%

a) CF - Combined fit; SF - fit to a single velocity spectrum; SLF - fit to a single Lorentzian-shaped curve;
0 - No applied field; | - transverse applied field; | - longitudinal applied field.
b) Alloy prepared by arc melting.

The quoted value

The value is an average of the appropriate separate determinations.
corresponds to the spectra for the transverse field configuration.

e) Attempted determination of both the internal field and the g-factor.
f) Attempted determination of a negative value for the g-factor.
g) Determined from the results for W182,

h) 1The given values correspond to adopting g(z ) = 0.24, see text.

1) mugg taken from Ref,

k) £(5/27) is independent of the value of the width of the component Lorentziens.

by as much as 30¢ does not affect g(5/2-).
*) Cnriched tungsten was used for the absorber

Fixing this

width to values differing

oL
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Table III. 3
Results from the study of the 99-keV level in Ptlgs.
The errors given are standard deviations. Hint corresponds
to H_ g, of the text. The widths (W) are extrapolated to zero
absorber thickness using eD(Pt) = 230°K and the relation

8p = GD(host). / M(host)/M(impurity) .
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Table L3

Pt-Fe Pt-Co Pt-Ni Pt
(rfl‘;‘;,ﬁ“/ij:z) 30-60 50 50 50 -

-0.41 -0.41% i, 41"
g3/2 +0,03

H,_, (MG) 1.19 0. 86 0.36
0, 04 %0, 03 0, 04

W (mm/sec) i .4 Maas | Pl
LS. (mm/sec) ‘1;3?11 -li:.bw -15::.503 oig?n
(i‘gt/n:’:;éi - oig?oz 0;81.602 05:5.806

* value adopted from

the Pt-Fe results,
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Table III. 4

Eleciric quadrupole hyperfine interaction for the
(2" - 0%) transition in w152 20 the (5/2" - 1/27) transition
in W183. Equation (I.16) has been solved for the energy E
and the form of the substates | resulting from the splitting
of states with I =2 and I = 5/2. The relative transition
intensities T between these substates and the unsplit ground
state are given as derived from Equation (I.14). The quantity

equ is the electric quadrupole splitting factor.
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Table III, 4

n =0 (as for WSz)‘
=2 I=5/2
E " T E y T
-(1/9e%@ oy 1 -1/5)e%e |+ 1/2) 1
-(1/8)e%q@  [+1) 2 -(1/20)e%qQ |+ 3/2) 1
+(1/9)e29Q |22y 2 +(1/4=)e2qQ |+ 5/2) 1
n#0 (as for‘WOS)
I=2
E " T
~/9e2qa + 22 2y 4 |-2) 1
~8/mI1+ (1+n2/3)/21 | 0)
~(1/8)e%qQ(1 + n) ks = =13 1
~(1/8)e24Q(1 - 1) |+1) + |-1) i
+(1/4)e2qQ [+2) + |-2) 1
(1792 + nZ/3) /% a2y + |-2) 1

-6/m)1- (1+n2/3)Y27 0y

I=5/2

Ej = (1/ 4G)e2qQ - (jth solution of the equation:

x> - 28%(3 + 1) - 160(1 - n2) = 0)

l!fj =a3-[j;5/2) + bjl:tl/2> + c].[:c 3/2 )

T;=1, =1, 3
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Table III. 5

Results from the study of quadrupole interactions.

Numbers within parentheses are standard deviations.



Table HOL5

Electric Field|
2 . i - Relative Peak 2
Source Absorbera) Fitted Widthb) Le 99 Gradiewt & G52, Intensities or X
E +
‘ Y eq Q(2) Asymmetry N -n
mm/sec mm/sec 1018 V/cm2 Parameter
2,49 (0.04) 10.04 (0.06) 2:2:1 d) .58
WSZ
2,50 (0.04) 10.07 (0.06) -1.86 %= 0.05 2.12:1.96:0.93 1.01
182 [ ’
Ta’ 2,84 (0.08 -8.73 (0.09) 2:2:1 d) 8.18
H03 2.76 (0.06) -8.23 (0.10) 2.12:1.41:1.47 4,25
2.42 (0.04) -8.34 (0.05) | +1.54 * 0.04 n=0.63 *0.02 2.18
4,8 (0.3) 9.45 (0.40) 0.931 + 0,038 | 1:1:1 d) 0.93
*
W 82
4,7 (0.3) 9.55 (0.38) 0.939 + 0.036 {1.06:0.99:0.95 d) | 0.92
183
Ta
*
W 03 5.1 (0.3) -7.92 (0.37) 0.940 = 0.050 | = 0.63 d) 1.10
Q(5/27) = - (1.70) % 0.07)
barns e)

a) The thicknesses were 50 mgW/cm2 and 22

b) Not corrected for absorber thickness.
¢) The standard deviation of XZ/(N = n) & 0.14 for all the fits,

d) Kept fixed in the fitting procedure,.
¢} Adopting Q(2t) = - (1.81 % 0.05) barns, inferred from Coulomb excitation experiments (Ref. 30).

*
mgW /cmz, where the symbol * stands for enriched material.

9L
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IV. DISCUSSION

1) Magnetic Fields

The internal magnetic field (715 + 10 kG; see Table III. 2)
at tungsten nuclei in dilute solution in iron determined in the present
work is in agreement with that (700 + 70 kG) obtained in an earlier
Mﬁsszbza)uer experimentzl) and the NMR result (635 kG) of Kontani and

by the Coulomb-excitation technique. 23) There is better agreement

Itoh, but is inconsistent with the value (430 + 100 kG) determined
among the results of the present measurements of the internal fields
for tungsten in cobalt (360+ 10 kG) andnickel (90 + 25 kG) and the fields
obtained in Coulomb-excitation experiments?'s) (Co: 330 kG; Ni: 60
kG). The NMR result for W in Co is 385 kG. 22)

The discrepancy between the values of the internal field in W-Fe
obtained by M8ssbauer and NMR experiments and the value obtained
by the Coulomb-excitation technique is not at all understood. The
discrepancy might be due to a dependence of the field on the concen-
tration, since vastly different concentrations were used in the
MdUssbauer and the NMR experiments as compared to the Coulomb-
excitation experiments. However, for concentrations from 0.18 to
3.6 at. % tungsten we found no such dependence for tungsten-iron

24)

Pd-Fe alloys, and they contend that the implantation technique used

alloys. Herskind et al. have found a similar discrepancy for

in the Coulomb-excitation experiments results in a different internal
field from that obtained with a metallurgically prepared alloy. This
maﬁr be because the nucleus recoilling into the lattice produces local
disturbances which are not present in the metallurgically prepared
sample. Finally there may be a temperature dependence of the

internal field, since both the MUssbauer and the NMR experiments
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were done at liquid helium temperature, while the Coulomb excitation
was done at room temperature.

The internal field (1190 + 40 kG; see Table Iil. 3) for Pt
in Fe obtained in the present work is in rough agreement with the
NMR resultzz) (1280 kG). There is better agreement between our
results for Pi-Co (860 + 30 kG) and Pt-Ni (360 + 40 kG) and the NMR
results (830 and 340 kG, resp. ).

Figure IV .1 shows the variation of the internal field He
for several elements in dilute solid solution in Fe, Co, and Ni as a

ff

function of the magnetic moment u . (u s 1:) on the host atom.
Shirley and Westenbarger have attempted to explain the internal
fields of transition elements dissolved in magnetic hosts of the 3d
transition series. Their approach assumes that the major portion
of the field is due to a polarization of conduction electrons (CEP)

by an exchange interaction involving the conduction electrons and
the 3d electrons of the host atom. Their explanation predicts a
linear dependence of the internal field on the host magnetic moment.
As is seen in Figure IV, 1, the fields for tungsten and to a lesser
extent platinum, deviate from this predicted linear dependence.
Their explanation is therefore incomplete. :
' Although Shirley and Westenbarger mention other
mechanisms fhat could possibly contribute to the internal field,

they do not consider these to be important. However, the trend of
our data for tungsten and platinum indicate that their premise is not
valid. When an impurity element of a {ransition series is dissolved
in a magnetic host of the 3d transition series, the spin of the host
polarizes the spin of the d shell of the impurity, which in turn
polarizes the core electrons, After Campbell%), the polarization
of the core (CP), and the field produced by CP, is taken to be
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proportional to the magnetic moment of the impurity, “impu rity’
Thus, for W and Pt, elements of the 5d transition series, both CEP

and CP contribute to He ¢p» Which may therefore be written as

Heff = & “impurity+b Mhost * (V. 1)

The parameter a, which gives the contribution to the internal field
from CP, is not expected to vary with the number of d electrons
within a given transition series, because the core electrons are
predominately inside the d shell. 27) By contrast the contribution
to the field from CEP, given by the parametei“ b, varies markedly

25)

to element and provide variable shielding for the conduction

within a given series, since the d electrons vary from element

electrons. Values for “impurity

elements, including W and Pt, in Fe have been derived by _Ca,mpioell2 5)
2.22,

for a number of transition

from neutron diffraction data. For Fe, Co, and Ni,

M ~
28), 29) host

- 1.72, and 0.606 Bohr magnetdns, resp.
" Our confidence in the validity of Equation IV.1 is
increased by considering the data presented in Figure IV. 1 for

Au, Ag, and Cu. These elements are diamagnetic atoms at the

end of each of the transition series. Since they have no magnetic
moments, there is no contribution from CP. The internal field is
then given by the second term alone of Equation IV. 1, in agreement
with the linear dependence evident from the figure. It is thus
reasonable to assume that the deviation from the linearity that

was predicted by Shirley and Westenbarger is due to the additional
contribution to the field from CP.
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2) Nuclear Parameters for the 5/2° and 3/2 States in wits

This experiment provides the first measurement of the

183 _—

electric quadrupole moments of the 5/2" (89-keV) state in W
of the magnetic moments of the 5/2  and 3/2  (46.5-keV) states. A
value for the lifetime of the 5/2  state is estimated in this work, but

large corrections had to be made which were based on assumptions

that are not well established (see Section ITII. 4b). A reliable measure-

ment is made of the lifetime of the 3/2 state. Previous estimates for

these lifetimes have been made based on Coulomb-excitation experi-

30)

ments and the MUssbauer experiment of Sumbaev et al. 31) How-

ever, the present result for the 3/2_ lifetime represents a considerable

improvement over the previous values.

The nuclide ng3 is a strongly deformed nucleus whose
level scheme consists of several bands (see Figure I.1). The level
structure and the Y-ray transition intensities in this nucleus cannot
be well accounted for by an adiabatic rotational model for the nucleus.
A significantly improved description was obtained by Kermansz) as
the result of mixing of states in the two low-lying bands, K= 1/2 and

3/2, by Coriolis coupling (the RPC model). More extensive band

33) 34)

mixing has been considered by Rowe and by Brockmeier et al.
In this section a comparison of the experimental results with calcu-
lations in terms of the RPC model will be made. The results of the
work of Brockmeier et al., namely the mixing parameters and
magnetic matrix elements, and its notation will be used. The
admixture of states of the higher bands into the low-lying levels is
very small. Therefore mixing of states in only the two lower bands
is considered. Thus the moments and the M1 and E2 transition

probabilities can be described by the following eight matrix elements?

34)
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Y212 Gl/21/2  (1/23/2 (3/23/2 .4 o1/21/2
1/2 3/2 /2 8/2, R 3/2 3/2’ e ’
bros Q » where G = K (g - gp) and
bags = bof 2.

The accurately determined ratio of the quadrupole
moments, Q(5/27)/Q(2") = 0.94 + 0.04 (see Table III. 5), suggests
a comparison with accurately measured B(E2) values for Coulomb

A and W183. 30) The comparison is presented in

excitation in W
Figure IV. 2. In this figure Q(5/2 ) may have been incorrectly
derived, Our determination of its value depended on the derivation
of Q") from B(E2; 07 - 27). In this derivation we assumed the
correctness of the rOLatlonal model for W182. However, recent
MUssbauer exper1ments : W18 and the theoretical calculations
of Kumar and Baranger 6) have cast doubt on this assumption. Thus,
the inconsistency apparent from the graph may be due to an incorrect
value for Q(5/27). In any case the diagram allows the determination
QY212 =654+ 0.30 and @23/ % = -0.4 + 0.5b.

The measured magnetic moments, w(3/27) and u(5/27),
and the measured half-life of the 3/2 state can be compared with
values derived from the magnetic parameters of Brockmeier et al.
The latter were obtained from the fit to a large number of relative
37) 1/2 1/2 _ 6.5b,

which agrees with the value determined above. To calculate the

y=-ray transition intensities with the assumption Q
magnetic moments the g-factor for the core rotation, gn, must be

assumed and is here taken equal to the g-factor of the ground state
rotational band of W182, since the contribution to er from the odd

neutron has been accounted for in the band-mixing theory. Contri-
butions to g due to higher ba.nds and blocking effects are small

compared to the uncertainty in tl_le g-factor of W182. The comparison
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is presented in Table IV. 1. Ii is seen that u(1/2") is well accounted
for, but u(3/27), u(/27), and B(M1; 3/2" - 1/27) differ from the
predictions of Brockmeier et al.

Recently, new experimental information on the W183

nucleus has become available, 38), 39)

which, together with the results
of the present experiment, calls ior a redetermination of the magnetic
single-particle matrix elements. The data used are the results of the
present measurements, the value of the ground state magnetic
moment, and those B(M1) values for transitions of predominantly
magnetic character that can be determined most precisely. In Table
IV. 1 are listed the experimental quantities used. These are fitted to

32), 34)

the theoretical magnetic transition rates and moments with the

least-squares method. The fit is found to be insensitive to the
1/2 3/2 —_— G3/2 3/2

constraints on these parameters was investigated to determine the
Gl/ 21/2
2

M1 The results of such a fit are also included in the

parameters G The influence of various

reliability of the values obtained for the parameters gn»
il Gl/ 21/ Zb
table. It was also found that these latter parameters do not depend
sensitively on any individual experimental quantity. The following |
values are the results of the {fits:

il

eg 0.25 + 0,04

c/21/2 - _406+0.05

1/2 1/2 _
G by = -0.74= 0.06 .
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The Nilsson model allows us to understand the values

of Gl/ 21/2 and Gl/ 21/ 2 Ml by the expressions:
G222 (/9 - gp) = (8, - 8p) (1/2 13, 11/2) +(g%-g,)(1/2]8 |1/2)
(IV. 2a)
cl/2 172

by ® /2 = (gg-gp)by = (g, -8R) 1/2(7,|-1/2)+(g}-g,)(1/2/8 |-1/2)

(IV. 2b)

where, in the sirict sense of the model, gz = g: = By the free nucleon
value, and g bR = 8n- Thebras and kets refer to single-particle states.
It is well known that the interaction between the spin of the odd nucleon
and the spins of the nucleons in the core reduces the spin contribution
to the nuclear magnetic moment, and that this effect can be accounted
for by the use of an effective value in place of 8ge It has recently
been pointed out by Bochnacki and Ogaza 41) that the component of the
spin polarization of the core in the direction parallel to the symmetry
axis of the nucleus might not be the same as that in a direction trans-
verse to the symmetry axis, Therefore one may not assume that g
and g are equal. The term (g& - gR) (1/2 |J |-1/2) is only
shghtly affected by the spin polarization, so that gR ~ 8R» 41) and

we have adopted gp = 0.24, an average of several recent measure-
ments. 8) The matrix element (1/2 | I, |-1/2) can be obtained from
the experimentally d.etermmed3 decoupling parameter

2g = - (1/2 |?+ |-1/2 ). Since the odd nucleon is a neutron, B, = 0.
Equations IV. 2 have been evaluated with various assumptions for the

potential, 42), 43) and the eifective single-particle g-iactors, g: and
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g;, are then obtained by comparison with the experimental values
G1/2 1/2 - G1/2 1/2b

faciors are quoted in Table IV, 2.

o n1e The effective single-particle g-

For comparison, corresponding values for Yb171 and

o
Tm109 have been calculated from available experimental data. 44-46)
Since the primary experimental results have not been analyzed in

terms of band mixing, one should in principle correct for the effects
47), 48

gR, and bO' ), 48)

Such corrections have been estimated by assuming that only K = 3/2

of band mixing on the experimental quantities gi{,

bands mix with the K = 1/2 ground state. 47) One consequence of the
neglect of the mlxmg of the K = 1/2 bands with the ground state is
that no correction is obtained for the quantity (gK - gR)bO; In Table
IV. 2 are given the results of two calculations of the effective g-
factors g‘; and g; , one accounting for Coriolis mixing with the

K = 3/2 bands only and the other without Coriolis mixing.

It is demonstrated in the table that in all cases the
values derived for g‘; and g'!s' using recent Nilsson wave functions42)
differ from each other significantly. It should be pointed out that
the values calculated for the effective g-factors depend on the
potential used in the nuclear model. If the old Nilsson wave-

43)

functions ™"/ are used, markedly changed values are obtained for
the effective g-factors for Y 171, viz. gz/ gg < 1, whereas there
are only small changes for W183 and Tm%g.

3) Magnetic Moment for the 3/2° Level of pl 5

The value for the g-factor of the 3/2 state determined
in this experiment (~0.41 + 0.03) is in good agreement with that of
4
Atac et al. 49) (-0.43 + 0.10) and with the recently quoted value
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(-0.40 + 0.07) of Buyrn and Grodzins. 50) It is just outside the
limits (0.47 > g3/2 > -0.60) given by Benczer-Koller et al, 51)
assume |H. ,| = 1.39 MG for the Pt-Fe alloy. The core-
A 52) 53)
excitation model proposed by de-Shalit and Gal
195

for the low-energy states in Pt . Experimental information is
194 54),55)

who
should account

available for the 2" states in Pt so that a comparison of

the predicted and measured values of the g-factor can be made, It
turns out that calculations give values very near zero; hence present
core-excitation models do not give an adequate description of the 3/2~

195 53)

state in Pt ~. As has been pointed out, the discrepancy might be

removed if configuration mixing is taken into account.
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Figure IV. 1

Internal fields Heff at nuclei of atoms dissolved in
Fe, Co, and Ni lattices, plotted against the host magnetic
moment M ogpe The values for W and Pt have been measured
in this work. (See Tables IIl. 2 and IIl. 3.) The remaining
values of Heff’ as well as the values of Hoppr BT taken from a
similar figure in Shirley and Westenbarger (Ref. 25).
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Figure 1IV. 2

Comparison of the electric parameters for WIS3
derived from the ratio of the quadrupole moments,
Q(5/27)/ Q(2+), measured in the present experiment and
B(E2) values measured by the Coulomb excitation technique
(Reference 30). The ratio of the quadrupole moments and
the B(E2, 0 - 2%) = 4.00 + 0.20 e2b? imply Q(5/27) = 1.70

+ 0.07b. The three quantities Q(5/27), [ B(E2; 1/2 - 5/27)]
depend linearly on the quantities Ql/ L 2, Ql/ 2 B/ 2,
Ql/23/ 2hergs and @3/23/2 g 4o agsumed that @172 3/2 < o,
also Q3/2 3/2 enters only in Q(5/2) and is there of little
importance.

1/2
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Table IV. 1

Magnetic moments, B(M1) values, and magnetic
parameters determined from these. The units for the magnetic
moments and the B(M1) values are nm and (nm)z, respectively.
Column A gives the result of the fit with all parameters varied;
column B corresponds to fixing the two parameters to which the
fit is insensitive. Except where noted, the B(M1) values are
determined irom the following quantities:

1) The ratio of the y-ray intensity of the appropriate transition
to that of the crossover transition originating from the same
level (averaged from those of References 37 and 38).

2) The B(E2) value for the crossover transition (calculated
from the values of Ql/ 21/2 and Ql/ 21/ 2bE2 given in the text);
and

3) The mixing ratio for the direct transition (Referenc‘e 39).



Table 1v, 1

Experimental Predictions of
Quantity Fits to Present Data
Value Brockmeier et al. A b) B
n(1/2") B 117 0.123 0.117 0.117
n(3/27y s 0.1 % 0.1 -0.28 -0.22 -0.08
u(5/2')/u(2+) 1.98 2 0.05 1.98 1.79 1.86
B(M1,3/2° S 1/27, as.gg 0.209 + 0.020 0.288 0.176 0.178
B(M1,5/2° - 3/27, 52.6) | 0.0239 £ 0.0017 0.0316 0.0256 0.0263
B(M1,7/2° 55/27, 107.9) | 0.216 + 0.029 0.245 0.193 0.164
B(M1,5/2° _,3/2', 82.9) | (0.94 * 0.26).107> | " 1.39 . 107> 0.98 1073 1.027. 1073
5y 0.24 ¢) 0.25 (0.04) | 0.28
ghtd Jid -1.25 -1.06 (0.05) |-1.06
et/ Usz1 -0.89 -0.74 (0.06) |-0.70
ghi? 242 7 | -0.21 -0.04 (0.13) |-0.21 4)
g2 32 S : 0.68 -0.2 (0.7) 0.68 d)

a) Calculated from '1‘1/2(3/2-) with o = 8.4 (Ref.40), and 62 = 0.006 (Ref. 39).

b) Numbers within parentheses are standard deviations. 182 .

c) Adopted value, equal to gp of the ground state rotational band in W~ ; Brockmeier ‘et al.
use gp = 0.35.- _

d) TFixed at the value predicted by Brockmeier et al. (Ref. 34).

26



a3

Table 1IV. 2

Eifective single-particle g-factors derived from the

183) and from the experi-

171

results of the present experiment (W

mental data of References 45, and 46 (Yb~ ) and of Reference

44 (Tmlﬁg); The matrix elements of the spin operators have
been calculated from recent Nilsson wave functions (Reference
42), using the potential parameters » = 0.0637 and u = 0.42,
The errors quoted are derived from the uncertainties in the
experimental data only.
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Table 1V, 2
Quantity W183 Yb171 - ‘ Tm169
(1/2]s_[1/2) 0.281 -0.183 -0.356
(1/2|s,|-1/2) " o0.781 0.317 ©-0.144
2 ' .la) 1.01 £0,02)e) 0.83 = 0,02
g./8g 0.88 % 0.04
b) 0.95 * 0.09 | b) 0.76 * 0.03
N . a) 0.60 % 0.01 |a) 0.39 = 0.05
gs/gs 0.37 + 0.03 -

1+

by 0.64 % 0.03 | b) 0.51 + 0,05

a) Without correction for Coriolis mixing

b) Corrected for Coriolis mixing with K = 3/2 band.
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