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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
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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
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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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