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ABSTRACT. A critical survey has hesn made in this paper on tho present position
of tho guadrupole moment of closod shell plus (or minus) & singlo nucleon nucler. It is found
that collootive model formalism of the yuadrupole momoent is essentilly correct if one enleu-
lules the rigidity of the core from tho datw on the vibrutional spectrn ol even-oven nuclei.
Twing tho available datw on vibrational levels the strenglh of surtaco coupling hus heen cnluu-
Taled and it is found that in tho 1ogion of closed shell, an miermodiute coupling proture holds
true. Tho values of the quadrupole moment ure rlso improved in this scheme.

1. INTRODUCTION

It 15 well known that although spiu and energy levels of nucler can sometimes
be satsslactorily explamed by the shell model, it is very difficult to account for
the magnitude of their maguetic moments and electric quadrupole moments.
Npecully the latter is very sensitive to the choice of the ground state wave function.
Tn the extreme smgle particle model the ground state quadrupole moment for a
closed shell plus a single proton nucleus 18 given by

Q= < r¥(3cos>0-1) > 3

== A7 o 1
204 1) <r> .

where j is the total angular momentum of the satellite proton, m its Z-component
and r 18 position vector.

On the average < r* > can be taken as 3/5 B2 (Mayer and Jensen, 1955),
where R, is the nuclear charge radws. It is well known that

By = KAW )

where K == 1.19x 10-%¢m (as given by electron scattering experiments). 1f
there is a hole instead of a proton then the sign of (1)is to be interchanged. This
explains the fact that just before a magic number the quadrupole moment s positive
and aftor a magic number it is negative. But apart from this qualitative agree:
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ment, the single particle model is not adequate {o account for the magnitude of
the quadrupole moments. In fact, the ratio Q,,/@; is sometimes as large as
forty.

In 1950, Rainwater showed that if instead of a central field V(r), a spheroidal
field of the form V(r, 6) is taken then the value of @, is somewhat increased. This
was further developed in the collective model of nuclei by A. Bohr in 1952, In
this model the closed shell part of the nucleus is treated as a liquid drop, capable
of collective oscillations and around this core onc or more particles are moving
in their shell orbits. As a result of the surface coupling the core will be distorted
and its equlibrium shape will be a spheroid.

As a consequonce of this there will be a good amount of contribution to the

quadrupole moment from the core. |‘

It can be easily proved (Bohr and Mottelson, 1953) that for core plug a single
proton

Q= Q-1-Q; \
. 2541 22 3 201 &k
=—|1-3, ZT- __ % 2o e 2 2
[1 (I41)2I+3) v/ -4/9 ]47r 2(I41) (,'ZR"
3 2I—1
“3oagap o O

In (3) k is a term appearing in the interaction hamiltonian of the particle and sur-
face. Its sign is reversed i the particle is replaced by a hole. On the average
Jo =40 Mev. The factor C' which appears in (3) is known as the nuclear rigidity.
For a uniformly charged nucleus of consiant surface tension §

0 = 4R28— 3 . Z | A, Bohr, 1952] @
°7 1om T R, T ’
The dimensionless parameter
5 k .
e= /2 . * _ e (D)

It is a measure of the strength of coupling between the particle and the surface.
In (6) w is the frequency of collective oscillations of the core. 1t can be shown

(A. Bohr, 1052) that
c
m=J B )
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where B is the nuclear inertial parameter.
For a uniform liquid in irrotational flow,

3
B .AME e (D)

Using (4) and (7), Bohr and Motielson (1953) have caleulated @ for various nucloi
and found that in general @ is many t{imes larger than its actual value (sec Tablo
1. column 15). This is hardly surprising since both (4) and (7) are very approxi-
mate equations. It is obvious that both B and € should depend strongly on the
shell structure of the core.

Marumori et al. (1956) showed that €, the surfuce rigidity depends strongly
on the shell structure configuration of the core. Using a simple form of interaction
they have calculated the values of ¢ and {ound that those values of (' give excollent
vulues of the quadrupole moment. But here again the agreement has little moan-
mg smee these authors have used the samo irrotational value of B as given by equa-
tion (7).

The purposo of the present paper is to show that the collective model forma-
lism of the quadrupole mowmeont, as given in equation (3), is essentially correct.

2. CALCULATION OF QUADRUPOLE MOMENT 1ROM
THE DATA OF THE VIBRATIONAL LEVEL OF
EVEN-EVEN NUCLRET

Tho core of the nuclei under our consideration are oven-even nuclei and
hence they are capable of oscillation about a spherical equilibrivim shape when
the extra particle is absent (Alder ef al. 1956). The lowest mode will be obviously
of quadrupole type if the nucleus is to remain symmetric.” The onergy of the
lirst excited level is given by the well known oscillator equation.

y, = ko

=n~/2 . (8)

Tt is well established that the spin of the first oxcited level of oven-even
nuclei is almost always 2 and the dominant mode of decay is by X, radiation.
That the observed excitation is of collective origin is exhibited by the fact that the
reduced transition probability B(E,) is many times larger than the single particle
extimate.

If one assumes that these vibrations correspond to one photon cxcitation
then it is easy to show that

B(E,,0-2) = X | < 0| m(Byp) | 1 > 2
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—( 3 zerg)* .
=( 4 ZeRd) T1<0laur 1>k

where oy, is the familiar deformation parameter.

_ ¢ (3ZeR2\* &
—5. (,_471_ ) . S . (@)

From (8) and (9)

45 Z2:RNE,
= 332" B(B, 0-9) - (10)

Thus here is a nice way to determine the value of C as well as z from the data

of the first excited state of even-cven nuclei. From (5) it is obvious that
100

Y N 11

2mili (1)

where we have taken & — 40Mev and ¥, and (' arc expressed in Mev.

To be sure that the levels we havo used to calculate €' and, z are of collective
origin, we have compared the experimental B(#,) values with that of single
particle estimate. (Blatt and Weisskoff, 1952).

9

BBy, 052) = o R o (12)

Thisis presented in Table I column 8, where one can see that the ratio

Bea(B)_ is always much greater than one.
By(E,

The coupling strength z as calculated from (11) is presented in column 10
of the same {able. Tt is scen that x 1s almost always of the order of one, indicating
an mtermediate coupling. It is of interest to note that x depends sensitively on
the orbital angular momentum of the satellite particle. Thus for 4,Ge™ core

&~ 2 when the outside particle is in 2p orbit, while x ~ 1.1 when the particlo is
m lg.

The last three columns of Table I give our calculated values of @, the previous -
tiydrodynamical values @y, and observed values Qg It will be seen that our
values agree better with the observed values. One cxception is that of 4,Ge™.
"This can bo accounted for by the fact that the core 5,Ge™ has or more rigid neutron
core (N = 40) than proton core, and the values of C' as determined from the vibra-
tional spectra gives essentially the rigidity of the proton core.
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