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are directed to scalers 2; 1 , 4 and 3 respectively. 

A 512 channel analyzer was used to select base 

lines and window widths for all of the single channel analy­

zers and also to obtain singl es and coincidence spectra. 

During magnetic precession measurements the position 

of the counters are fixed at positions which maximize R. 

During angular correlation measurements, the counter angles 

are changed automatically. 



CHAPTER VI 

EXPERIMENTS AND RESULTS 

6.1 Introduction 

The -decay scheme for the 177Lu ground state, showing 

the cascades studied in this experiment, their spin sequence, 

parities and mu1tipo1arities, is given in figure 7. The g­

factor of 113 keV state of 177Hf is known from external field 

measurements so wT 113 gives the internal field, Hint' on 177Hf 

in gadolinium. The g-factor of 250 keV state is to be 

measured. 

The angular correlation of the 208-113 keV cascades 

of 177Hf has previously been measured by Matthias, Karlsson 

and Lerjefors [1962] and found to be: 

1 - {0.101 ± .00l)cos28. 

For the 71-250 keV cascade, the angular correlation function 

obtained in previous measurements were 

1 - {.09 ± .Ol)cos28 

by S. Ofer in 1957 and 

1 - (.085 ± .009}cos28 

by Brooker in 1967. 
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Figure 6 

177 The decay scheme of Lu 
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6.2 Angular Correlation 1-ieasurements 

The angular correlation has been measured for both 

the 208-113 keV and the 71-250 keV cascades, using a lutecium 

metal source. The source was prepared by neutron activation 

of a 10 milligrams lutecium metal sample, in powder form, in 

the McMaster reactor, and had activity of about 100 micro­

curies. The coincidence rate as a function of e, the 

angle between the detectors, was found using single channel 

analyzer windows as shown 'in figures 8 and 9. A least squares 

curve was fitted to these data and the results are given in 

the later sections. 

The angular correlation for the 208-113 keV was found 

to be 

we = 1 - (0.101 ±.002)cos26 

whi ch agrees with the results of Matthias, Karlsson and 

Lerjefors [1952]. The same measurement performed using a 

lutecium and gadolinium alloy source, gave an attenuated 

pattern, and B
2 

was found to be about 5 percent smaller than 

the above values. This may be due to the difference in the 

radiation damage to the two sources. 

The angular correlation patterh for the 71-250 keV 

cascade was found to have the form 

W(6) = 1 - (0.0327 ± .005)cos26. 

The value of B2 was found to be about 60 percent smaller 

than the value obtained by Brooker [1967]. In order to 



Figure 7 

The coincidence spectra showing spectra in 

coincidence with windows A and B 
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Figure 8 

Coincidence spectra showing spectra in 

coincidence with windows C and D 



"'o "'Q 

13NN\1H:::> ~3d SlNno:::> 

39 

0 
~ 

a> 
0 

N ,... 

0 
10 

a> 
v 

10 ,.., 

<t 
N 

~ 

0::: 
w 
C) 

~ 
:::> 
z 

_j 

w 
z 
z 
<( 
:X: 
u 



40 

investigate the source of the discrepancy, the same measure-

ment was performed for several window widths and positions. 

It was found that as the window widths were decreased and 

their positions were moved away from the high peaks, the 

value of B2 decreases. It seems that Brooker was getting the 

effects of high peaks which made his value of B2 larger. 

Thes~ values have not been corrected for the finite 

solid angles subtended by the detectors or for the presence 

of other cascades. The errors include statistical uncertain-

ties and allowances for small changes in window positions and 
c/ 

width. The angular correlation patterns are given in figures 

10 and 11. 

6.3 Perturbed Angular Correlation Measurements 

The source for magnetic perturbation experiments was 

prepared from an alloy of 1% lutecium in 99% gadolinium, which 

was made by Research Chemicals, a division of Nuclear Corpora-

tion of America. A 10 milligrams piece of the sample was 

machined to a thin cylinder, about 4 millimeters long and 

about 0.5 millimeters in diameter. This source was placed 

between the pole tips of the magnet so that the magnetic 

fie l d was parallel to the geometric axis of the cylinder. 

In this configuration, the demagnetization factor D is very 

nearly zero. 

In order to ensure that the gadolinium alloy could be 



Figure 9 

The angular correlation pattern for the 

208-113 keV cascade 
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Figure -'10 

The angular correlation pattern for the 
::_5 

250-71 keV cascade 
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magnetically saturat~d, the rotation, R, for the first 

excited state of 177Hf, was measured as a function of magnet 

current. The result is shown in Figure 12. After these 

experiments the value of R, for the second excited state, was 

measured. 

6.4 Measurement of g-factors 

The values for R/2, for the two cascades studied in 

this experiment, are shown in Table 1. 

Host Cascade 

Gd 208-113 

Gd · 71-250 

R/2 

(.033 ± .001) 

(.0032± .001) 

"'--' 

WT 

- (0.187 ± .006) 

- (0.055 ± .018) 

The rotation angles w-r are obtained using the relation 

2 
R = (2b 2 } (2w-r)/[l + (2w-r) ] 

The magnetic moment of the ground state of 177Hf has been 

measured by optical methods and has been found to be 

ll = (0.61 ± 0.03} [Speck,l959] 

The g-factor for the first excited state has been 

measured by angular .correlation techniques by Manning [1960] 

and by Matthias [1962] and was found to be 

= (0.235 ±.006). 



Figure 11 

R as a function of magnet current 
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The half lives of the first two excited states of 177Hf have 

been measured: 

113 keV level: Tl/2 = (0. 52 ± 0.03} X l0-9 sec 

250 keV level: Tl/2 = ' (0 .10 ± 0.02} X 10-9 
sec. 

By comparing the measured values of WT and using the values 

of the mean lives of the first and the second excited states, 

one may calculate the g-factor for the second excited state 

from the relation, 

Hence, 

Gd 
(wT)250 

Gd 
(WT) 113 

= gll/2 T250 

g9/2 Tll3 

gll/2 = (.346 ± .087). 

This value of the g-factor does not depend on a calculation 

of the hyperfine field causing the rotation. 

6.5 Hyperfine Fields 

The internal field is obtained by comparing the mea-

sured values of wT with that measured in an external field. 

E. Matthias, E. Karlsson and C. A. Lerjefors [1962] used an 

external field of(53~1 ± .S)kOe, and obtained 

' (wT}Ext = (0.0416 ± .002} rad. 

Using these values and the relation, 

Heff (WT} eff 
= 

Hext (wT)ext 



The value of Heff is found to be 

Heff = - (239 ± 14) kOe. 

Using the relation given in Chapter III for Heff 

and the value of H~, which was 13 kOe, the value for the 

internal field on l??Hf in gadolinium is found to be 

6.6 Discussion 

H. t = -(252 ± 14) kOe. 
~n 

6.6.1 Hyperfine fields 

S. G. Cohen, N. Kaplan and S. Ofer [1964] found 

the value of internal field and their extrapolated value 

of the field at 77°K was 

Hint= -(350 ± 30) kOe. 

The measured value is, 

H. t = - (252 ± 14) kOe. 
~n 
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There is a large difference between these two values. This 
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is probably because of the difference in the sources. Cohen 

prepared the source by neutron irradiation of 99.9% pure 

lutecium metal which was then introduced homogenously into 

99.9% pure gadolinium, by induction melting the metals in a 

tantalum crucible. The atomic concentration of luticium, 

in their source, was between 0.3% to 0.8%. 

The 
177

Hf nucleus was also studied under different 

environment. The internal field on 177Hf in Fe was measured 

by Brooker and by Becker, and their values were 

HFe = ~ (133 ± 7) kOe 

and 

HFe = -(300 ± 60) kOe respectively. 

Both of them use the implantation technique for making their 

sources, but have obtained quite different values for H . - Fe 

This shows that the internal field is very sensitive to the 

sources, which are not reproducible. 

6.6.2 g-factors 

The measured ratio 

is 
0.29 ± 0.10. 



and that of Brooker is 

Fe 
(WT} 250 

Fe 
(wT} 113 

- 0.23 ± 0.05 • 

The weighted average of these two is 

{0.25 ± 0.04) 
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so the measured value is not much different from the weighted 

average. 

The 177Hf lies in the middle of a region of highly 

distorted nuclei (150 < A < 190), and hence it can be properly 
) 

described by the use of the collective model and the strong 

coupling scheme discussed in Chapter IV. The magnetic moment 

of a nucleus in the strong coupling approximation depends 

upon two parameters: gR, the g-factor corresponding to the 

angular momentum of the collective rotation, and gK, the g-

factor appropriate to the angular momentum of the intrinsic 

particle motion. 

Now, using equation 

J 
(gR + Jg ) ll = J+l ·. K 

for ground state, and 

'll (J I K} 
J {J+l) -K2 

+ 
K2 

K -:f 1 = gR {J+l) · gK J+l 2 

for the excited states, the two parameters gRand gK may 

be calculated from known g-factors for the ground and first 

excited states . 
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The g-factors for the ground and first excited states are 

. g7/2 = (0.174 ± .002) 

. g9/2 = (0.235 ± .006) 

and the measured value of gll/2 is 

gll/2 = (.346 ± .087). 

Now, using the equation given in Chapter IV, 
' 

g (J ,K) 

This gives three relations for the two parameters gK and 

gR. Weighting the ground state and the first and second 
r 

excited states, a least square fit to the data was performed. 

The resulting values of gK and gR were 

gK = 0 .1121 

0. :>14 J 
-

from least squares 

gR = 

These two parameters may also be calculated from 

the known g-factors for the ground and first excited states. 
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The results obtained are 

:::: 0.126 ± .012 

:::: 0.343 ± 0.035. 

Using the three measured g-factors and the two 

transitio.n rates, T (Ml} 912 -+7/ 2 and T (Ml) ll/2-+ 9/ 2 the values 

for gK and gR were calculated. 

given in Table II. 

The resulting values are 

g7/2 

g9/2 

gll/2 

T(Ml)9/2-+7/2 

T(Ml)ll/2-+9/2 

gK (using g 912 and 

T(Ml)9/2-+ 7/2 

gR 

gK(using g
912 

and 

T (M) 11/2-+9/2) 

* 

Experimental 

(. 17 4 ±. 0 02) 

(.235±.006} 

(.346±.087) 

(1.25±0.39) 10 7 

(29.8±20.8) 10 7 

(0.248±0.09) 

(0.222±0.08) 

(0.289±-:.il2) 

(0.181±0.83) 

-1 
sec 

-1 
sec 

Theoretical 

0.273* 

7 . -1 
( 1 . 5 ± . 5) 10 , sec 

7 -1 (4±2)xlo sec 

0.44 

0.41 

Using the known g-factors for the ground and first excited 
states the value for gK and gR were obtained. And using 
these values the value of ~ for the second excited state . was 
calculated which gave the value for g

1112 
equal to 0.273. 



51 

Both these calculations usi?g transition rate give values for 

gK which are higher than those obtained from measured values 

of g-factors. This difference may be due to errors in the 

mixing ratios o, total conversion coefficients aT or in the 

optically measured ground state moment. 
~ 

d . 1 177 f 1 1' . h . ddl As state prev1ous y H nuc eus 1es 1n t e m1 e 

of the deformed region (150<A<l90). The intrinsic states of 

the nucleus are interpreted in the Nilsson scheme [Nilsson 

1955] . For the states corresponding to a given n, the vec­

tors IN£Ar> with A + r = n are used as basic vectors. 

Where 

n = the component of intrinsic angular momentum on the body 

axis. 

N = principal quantum number 

£ = orbital angular momentum quantum number 

A = the projection of the orbital angular momentum on the 

symmetry axis 

r = the projection of the spin on symmetry axis. 

The spin projection r is of course either+~ or -~. 

Mottelson and Nilsson [1959] classified the ground 

state of 177Hf as 

I 
7 - [ 514] 2 
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in terms of the basis vectors. 

The intrinsic g-factor, gK' can also be calculate~ 

from the Nilsson wave functions • 

. gK is given by 

where 

g~ = the orbital g-factor for the one extra-core nucleon. 

gs = the spin g-factor for the one extra-core nucleon. 

In the case of one neutron, g~=O arid gs = -3.826 nuclear 

magnetons. 

The distortion parameter n was determined by Nilsson 

and was found to be 

n = 5.5 [Nilsson 1955]. 

Using base vectors !553+>, l533+>,l554->, the value of gK is 

found to be gK = 0.44. This value does not agree with the 

value calculated from the measured g-factors . 

gives 

The calculation of gR from the relation 

gR = Z/A 

· gR=0.41. 

This is again much larger than the value obtained 

from the measured g-factors. 

The explanation of the discrepancies between the 

theoretical and experimental data is that the magnetic moments 
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are quite sensitive to small admixtures of states involving 

core excitations induced by a a-function two body residual force 

[Gauvin 1958]. One of the significant points of this effect 

is that the magnetic moments always go inward from the Schmidt 

lines. Blin-Stoyle [1957] interpreted this general trend, 

as a partial quenching of the nucleon's intrinsic magnetic 

moment. 

For 177Hf, this would suggest that the free neutron 

moment should be less than the free ,neutron moment of -3.286 

nuclear magnetons. The deviation of the static nuclear mo­

ment from single particle estimates may be due to spin­

polarization of the even nuclear core by the unpaired extra­

core nucleon. 

Summary 

The experiment was intended to measure the internal 

field on hafnium in gadolinium and to measure the g-factor 

of the 250 keV second excited state. 

The results were as follows. 

Hint = - (252 ± 14) kOe 

gll/2 = (0.346 ± .087) 

The measured g-factor is about 23 perce~t higher 

than the value predicted using the g-factors of the ground 

and first excited states. 
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The technique of making an alloy of two rare earth 

metals gives satisfactory results. It should be used to allow 

the studies of all those elements which are soluble in rare 

·earth metals. 



APPENDIX 

NUCLEAR DATA FOR 
177

Hf 

113 keV Level-: 

== (0.75 ± 0.03) X 10-9 
sec 

2 
69/2 +7/2 == (24 ± 5) 

aT == ( 3. 2 7 ± 0 . 3) 

g9/2 == (0.235 ± .006) 

250 keV Level:-

-9 -
T 250 == (0.14 ± 0.03) x 10 sec 

~2 - (10+ 14) 
ull/2 +9/2 - - 5 

aT== (1.18 ± 0.12) 

[Bird 1962] 

[N.D.S.] 

[N.D.S.] 

[Matthias 1962] 

[N.D.S.] 

[Boer 1959] 

[N.D.S.] 
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