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a b s t r a c t ,  a  oriUcal survey lias henti m ade in this iiaper on the present position 
oT the ipiadrupolo m om ent of elosod shi^ll plus (or minus) a single nueleon mieloi. I t  is found 
Lliat- collootivo model formalism of the  i(uadmpolo momenf- is essentially eorreet if one caleu- 
laLes the rig id ity  of the  core from the  d a ta  on the vibrational siieetra of even-oven nueloi, 
Using tho available d a ta  on v ibra tional levels the strength of surface eoupling has been caluu- 
laled and it is found th a t in tho logion of closed sliell, an  interm ediate ooiijihng picture holds 
true. Tho values of th e  quadrupole m om ent are also im proved in this scheme,

1. I N T K O D U  C T J  O N

I t  IS well known th a t although sjiin and energy levels of nuclei can sometimes 
bo satisl'aetorily explained by the shell model, it is voiy diffieult to aceoimt for 
the magnitude of their magnetic moments and eloctne quadrupole moments. 
Specially the latter is very sensitive to tho choice of tho ground state wave function. 
Til the extreme single particle model the ground state quadrupole momoiit for a 
closed shell plus a single proton nucleus is given by
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wliere j  is the total angular momentum of tho satellite proton, m its Z-componont 
and r  its position vector.

On the average <  >  can be taken as 3/5 (Mayor and Jensen, 1955),
wJicre is the nuclear charge radius. I t  is well known that

... (2)

Avhore — 1.19 X 10" ^^cm (as given by electron scattering experiments). If  
there is a hole instead of a proton then the sign of (1) is to he interchanged. This 
explains the fact th a t just before a magic number the (jfuadrupole moment is positive 
■'uid after a magic number it is negative. But apart from this qualitative agreed
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merit, the single particle model is not adequate to account for the magnitude of 
the quadrupole moments. In  fact, the ratio QobalQj is sometimes as large as 
forty.

In  1950, Rainwater showed th a t if instead of a central field F(r), a spheroidal 
field of the form F(r, 6) is taken then the value of Qj 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 one or more particles are moving 
in their shell orbits. As a result of the surface coupling the core will be distorted 
and its equilibrium shape will be a spheroid.

As a consequence of this there will be a good amount of contribution to the 
quadrupole moment from the core. j

I t  can be easily proved (Bohr and Mottelson, 1953) th a t for core plus a single 
proton \

Q =  Qc-\-Qj \

=  - [ l - 3 __ 2/H -l
(/+ l)(27-h3) y'ai^+4/9
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"5 ■ 2(J-\rl) (3)

In  (3) A: is a term  appearing in the interaction hamiltonian of the particle and siu- 
faoe. I ts  sign is reversed if the particle is replaced by a hole. On the average 
Jc <=£ 40 Mev. The factor C which appears in (3) is known as the nuclear rigidity. 
Bor a uniformly charged nucleus of constant surface tension S

O =  4Bo*/S- - I -  . ^  [A. Bohr, 1952] . . .  (4 )

The dimensionless parameter

A
IGtt .y/fecojC

I t  is a measure of the strength of coupling between the particle and the surface. 
In  (5) CO is the frequency of collective oscillations of the core. I t  can be shown 
(A. Bohr, 1952) th a t

1 n
... (6)
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whero B  is the micloar inertial parameter.
For a uniform liquid in irrotational flow,

i i  --  . A M R \ (7)

Using (4) and (7), Bohr and Mottolson (1953) have caloulated Q for various nucloi 
and found th a t in general Q is many times larger than its actual value (sec Table
1 . column 15). This is hardly surprising since both (4) and (7) are very approxi
mate equations. I t  is obvious that both B  and G should depend strongly on the 
shell structure of the core.

Marumori et al. (1956) showed th at O, the surface rigidity depends strongly 
o i l  the shell structure configuration of the core. Using a simple form of interaction 
Uiey have calculated the values of G and tound th a t those values of C give excellent 
values of the quadrupole moment. But here again the agreement has little moan- 
mg since these authors have used the same irrotational value of B  as given by equa
tion (7).

The purpose of the present pajier is to show th at the colloistivc model forma
lism of the quadrupole inomout, as given in equation (3), is essentially correct.

2. C A L C U L A T I O N  O F  Q U A D J I U  P O L F  M O M E N T  F J I O M  
T J-l E  D A T A  O P  ' r H  E  V I I I  K A T  J O N  A L L E  V E  O F  

E  V E  N  . E  V IG N  N U C L E I

The core of the nuclei under our consideration are oven-even nuclei and 
hence they are capable of oscillation about a sjiherical e(]uilibrium shape when 
the extra particle is absent (Alder at al. 1956). The lowest mode will be obviously 
of (juadrui)ole type if the nucleus is to remain symmetric." The energy of the 
lii'st excited level is given by the well known oscillator equation.

— fi(̂ y

... (8)

I t  is well established th a t the spin of the first excited level of oven-even 
nuclei is almost always 2 and the dominant mode of decay is by radiation. 
That the observed excitation is of collective origin is exhibited by the fact th a t the 
reduced transition probabihty B{E2) is many times larger than the single particle 
estimate.

If  one assumes th a t these vibrations correspond to one photon excitation 
then it is easy to show th a t

B{E^, 0-» 2) =  S I <  0 1 11 >  P
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=  ( A  | < 0 | as^*|  |1  > p

where OL̂fi is the familiar deformation parameter.

^  5 Y  _  ^ __
'  ' ■ r  47t / ■

From (8) and (9)

,327t2 B{E, ,̂ 0-4 2)

... (9)

(10)

Thus here is a nice way to determine the value of C as well as x from the data 
of the first excited state of even-even nuclei. From (5) it is obvious that

> 27TjE (11)

uherc we have taken Ic -- 40Mev and and C arc expre,ssed in Mev.
To be sure th a t the levels we have used to calculate C and, x are of collective 

origin, wo have compared the experimental values with that of single
])artic‘le estimate. (Blatt and Weisskoff, 1952).

Esp{Eo, 0- . 2) -  —  ̂ 20;r
(12)

l^his is presented in Table I  column 8, where one can see that the ratio

^exp{^2)_ jg always much greater than one.

The coupling strength x as calculated from (11) is presented in column 10 
of the same table. I t  is seen th at x is almost always of the order of one, indicating 
an Jiitormediate coupling. I t  is of interest to note that x depends sensitively on 
th(* orbital angular momentum of the satellite particle. Thus for sî Ge’''* core 
X '^  2 when the outside particle is in 2p orbit, while x ^  1 .1  when the particle is 
m hj.

The last three columns of Table I  give our calculated values of Q, the previous 
liydrodynamical values Qjjm> observed values Qobs- H  will be seen that our 
values agree better with the observed values. One exception is that of 32̂ ®’®- 
This can bo accounted for by the fact that the core 32Ge’® has or more rigid neutron 
core {N =  40) than proton core, and the values of G as determined from the vibra
tional specti'a gives essentially the rigidity of the proton core.
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