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(Received 20. February 1955.)

The recent studies of the nuclear properties of 4 Tm!®® by means of
the optical hyperfine structure investigations performed at Heidelberg [1]
and by means of the CouLoMB excitation reaction [2], [3] have yielded
a considerable amount of data on this nucleus which may be discussed
in terms of the unified nuclear model [4], [5].

For nuclei, such as Tm?69, which are well removed from closed shells,
the strong deviation of the nuclear shape from spherical symmetry
implies that with considerable accuracy one can separate between the
intrinsic motion of the nucleus and a collective rotational motion. With
each intrinsic state of the system there is then associated a rotational
band having states of spin

I=K, K+1, K+2, ... (1)

where K, which is a constant for the band, is the component of total
angular momentum along the nuclear symmetry axis. The measured
spin [1], [6] of Tm'® of I=1/2 thus shows that the lowest particle
configuration in this nucleus has K =1/2. Intrinsic states with K =1 /2
are especially interesting since, in this case, there may occur a partial
decoupling of the intrinsic spin of the last odd nucleon from the rota-
tional motion. This decoupling, which depends on the intrinsic structure,
manifests itself in such properties as the rotational energy spectrum and
the magnetic moment, and a determination of these properties may thus
provide a rather detailed test of the nuclear model employed.

We shall attempt below to discuss the properties of the lowest
intrinsic state of Tm!%® by assuming that the component of angular
momentum, K, along the nuclear symmetry axis is associated with the
motion of a single nucleon. We use for this purpose the wave functions
obtained by considering particle motion in an axially symmetric de-
formed potential with the inclusion of an appropriate spin orbit force [5].
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Since the spectrum of particle states, as well as the properties of a
particular state, depend essentially on the deformation, we must have
an estimate of this parameter before we are able to consider the more
detailed properties of the intrinsic structure. While, in principle, the
equilibrium deformation may be calculated by considering the total
energy of the system as a function of the deformation and obtaining
the minimum value, it appears difficult to obtain reliable estimates in
this manner due to our insufficient knowledge of the cohesive forces in
(%2, Vo) the nucleus. Therefore, in the applications
{ ) of the model considered below, we prefer to

(%, 2+) USE an experimental determination of the
deformation, as obtained from the reduced
transition probability for electric quadrupole
transitions within the corresponding rotational
band. From the observed cross sections for
CouLoms excitation [2], [2] of the 120 keV
level of Tm® (cf. Fig.1), one thus obtains
| Qo] =9 x 1072 cm? for the intrinsic quadru-
pole moment, which corresponds to a deforma-

0 (7 Yz+) tion parameter §=~03. We assume Tm'® to
o= (7 %2+) have a prolate shape, as is observed for all
D o rotationalband for  other nuclei in this region of the periodic table.

. igure gives the lowest
states of Tm*® as deduced from This value of 6 corresponds to a ratio of major
t[g’e 3521302:);xtcgzazf"lgyﬁ[‘;?ﬁ to minor axis of 1-3 for the nuclear shape.
glslspele;;rgtﬁ:fgtigeartiegci?;n ?rfl The first test of the model in the case of

y Tmlé9 is whether for Z — 69 there is available

keV. Therotational interpretation X
of these lovels sugeests the spin  an orbit with K =1/2. From an examination

issfrr;fif:,:;irs;ﬁ%'t}];:rli}; of Fig. 4 of ref. 5, it can be seen that for
deformations d~0-3 there exists a unique
orbit (no. 43 in the notation of ref. 5) with K —;:1/2, which should be
filled at about Z=09. As we shall see below, this state reproduces
in a rather detailed way the observed properties of the lowest intrinsic
configuration of Tmi%®. Tt may be worth noting that, if we follow this
orbit as a function of the deformation, it goes over into an Sy orbital
in the limit of a spherical potential; however, the deformation implies
a major modification in the structure of this state and for the defor-
mations of interest the state is mainly composed of dyja, dsy2> and gy
components. -
The magnetic moment of Tm1#® has recently been determined to be [1]
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The value of g calculated for the above state is shown in Fig. 2a as &
function of the deformation. In the calculations of p, the spin and
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orbital g-factors for the intrinsic structure have been taken to be g, = 5-58
and g, =1 for this odd-proton nucleus, and the g-factor for the collective
rotation has been assumed to have the value g,=Z/4=041. It is
seen that, in the region of the observed deformation, the calculated
moment agrees well with that observed.

Fig. 1 gives the level scheme for the lowest states of Tm'% suggested
by the CouromB exitation studies [2], [3] and by the measurements [7]
of y-rays following the electron capture decay of Yb'69. It is seen that

OIT the observed energies agree well
with the rotational energy spectrum
6—m .
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Fig.2a—c. Properties of the intrinsic state of Tm!", The properties of Tm'* are compared with those
calculated from the wave functions of ref. 5; the various properties are given as a function of the defor-
mation parameter ¢; the value of d estimated from the observed E2 transition probability is 6~0.3,

appropriate to such K =1/2 configurations. While the moment of
inertia, 3, depends on the deformation and the nature of the collective
flow, the last term in (3) reflects the partial decoupling of the spin of
the last odd-nucleon from the rotational motion. The value of g im-
plied by the observed spectrum is

a=—074, (4)
which may be compared with the value calculated from the wave func-
tions of ref. 5 which is shown in Fig. 2b.

The reduced transition probability for }/ 1 radiation within a rotational
band with K =1/2 depends on the intrinsic structure through two para-
meters G, and b, i.e.

3 eh \2 2141 , _
B =i (5] S Gl (=) e (5)

for a transition from a state 741 to I. The observed [2] ratio of 1:10
for the intensity of the 120 keV to the 110 keV y-ray when combined
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with the value of the E 2 transition probability for the 120 keV transition
as obtained from the intrinsic quadrupole moment given above yields

|Go(1 — Do)| = 3. ©)

This value is compared in Fig. 2c¢ with that calculated from the wave
functions of ref. 5. The calculated values of G, and b, are —2.86 and
0-043, respectively, for 6 =0-3. One may also calculate that the ratio
of the intensity of the 23 keV and 133 keV y-rays is expected to be 1:20.
There does not yet seem to be an experimental determination of this
relative intensity.

Finally, it should be mentioned that the four nuclear quantities
u, @, Gy, and b, depend on the structure of the intrinsic wave function
through only two independent parameters, as soon as we attribute the
angular momentum K to a single nucleon. One thus obtains two rela-
tions between these four quantities, which are independent of the details
of the calculations of ref. 5, but depend only on the coupling scheme
underlying these calculations. For an even-parity nucleus with /y=K
=1/2, one thus obtains

Go=13p—12g+ &1 —a) —gr(2—4a) (7a)
by=— 55 But126— gl —9 — gl + )} (7b)

The value of G, (1 — b,) calculated from (2), (4), and (7), using the g-fac-
tors given above, is —2-6, which is also seen to agree well with the
observed value (6).

It is a pleasure for us to acknowledge our many stimulating contacts
with Dr. A. BoHR in the course of this work.
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