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%, MAABE~HENFaRBAELIREER Pv(), KPEARBE, #
B (4) REH T, REASH AR MREERN AT RE <K >
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ORBITAL ANGULAR MOMENTUM DISTRIBUTION
IN NUCLEI AND NUCLEAR DENSITY*

Yane LiMing

(Departmenst of Physics, Peking University)

ABSTRACT

The purpose of this paper is to investigate to what extent the distribution
of orbital angular momentum of nucleons in a nuclens implied by the theory of shell
structure limits the form of nuclear density. The effect of the fatter has shown
itself in 2 number of physical problems, such as the scattering of high energy eleotrons

by nuclei, the hyperfine structure, the absorption of negative (-mesons by nuclei, internal

conversion coefficient in heavy elements, etc.

~ The investigation is based on the Thomas-Fermi model of the nucleus, according
to which one has

ny (1) —“-‘f—z-j VAR =P i R

-

where ny (/)dl is the number of neutrons with orbital angular momentum in / and 2+ d,.

Ky (7) is the local maximum momenturn of a neutron in unit of %, and the limits of
integration ry, rj are so determined that the integrand is realt. Instead of solving (1)
which is a non-linear integral equation when the left hand side is obtained from the
theory of shell structure, we find the momem N Tga‘f ny(l) as follows:

[23]) Redlich, M. G., Phy;.. Rev. 88 (1952), 28, -
(24] Seidliz, L., Blavler, E., and Tendam, D. ., Phys. Rev. 76 (1949), 861. .
*Reteived September 7, 1953.

tThe same thing can be said of tht protons, but we will carry thmugh the argument with the
neutrons only.
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| kE2 '
N-_fl % __,(E ) J‘ dr (r Ky (¥) )k+3~ . 2) |

2
r(43%)
2
When suitable trying function Ky(r) is used, frhe calculated ﬁ_can be directly compared

with the corresponding quantities <% > = 2 In; (/N + 1)/N obtained from data
Ni=1 "~

supplied by the theory of shell siructure.  (Here Iy, is the orbital angular momentum
quantum number of the N;-th neutron, and N the total number of neutrons.) Such
comparison will serve as a useful test to any density furiction rhat is proposed, but con-
siderations of orbital angular momentum distribution alone do not suffice to determine
the angular nuclear density completely. The latter statement follows from an inspection
of (2) which shows that the set of all moments N which characterize the distribution
nn (!) remaing invariant when r is replaced by ¢ and &kwn (r) by &w (r) /¢, ¢ being

an arbitrary constant. ' -

A trying function of the following type is used:
Ky (r) = Ky = (3=* o})*, r < Ry,

r—R
~ kY oY) 7> R,

where 0% is the neutron density at r=0, Ry is the radius of the central part of constant
density and 2 is regarded as the surface thickness.

For convenience, one puts r =Ry a, B = % % , then
Ky (r) = K} g (x),
g(x) =1 for x<1, 3
= By for x> 1.

The only parameter relevant to the requirement of the orbital angular momentum
distribution 1s B which measures the ratio of the linear dimension of the part of constant
density to that of the surface layer. Results of the above mentioned comtparison is shown
in Fig. 1. By making B a suitable function of 4, it is seen that (3) is capable. of
representing approximately the nuclear density of all nuclei with 4 > 30. -

" In view of thefact that the whole deduction is based on rather crude approximation,

"it is not attemnpted to cbtain an exact expression of 8 as a functioh of A4, but rather a

- /'
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few typical nuclei ace chosen for numerical analysis from which an approximate 8—4
curve can be constructed (see Fig. 3). In Fig. 1 and 3 are also plOttcd curves correspond-.
ing to nuclear deasities proposed by other authors. ]

e

From the B—A curve we obtained in Fig. 3, it is seen that the nudlear surface
is thicker than what is usually believed. Preliminary estimation shows that the thickness
a of about 2.38X10-13 cm. for 4 ~112 is the smallest. It increases to 2.5 x 1073 em. for
A~200 and to 2.64X 10 8cm. for A~50. Thus the thickness increasés even faster
towards kght nucles.

The shavpc of the B—/ curve in Fig..3 accounts better for the difference in orbital
apgular momentum distributions of neutrons and of protons than the model of constant
nuclear surface thickness, analyzed recently by Jenson and Luttnger.

The n\uolear density so determined leaves only one undetermined parameter, the
nuclear radius or the nuclear density at r=0. Provided that the total binding energy is
expressible in terms of integrals over the nucleon densitics, we have.now seviral
categories of empirical data that can be served as a cross check. These are the nudear
radii, the total binding energies, nuclear force law obtained from the nucleon: scattering
expenments under 20 Mev. ’ '

~In the appendiy, it is pointed out chat from the plot of the average orbital angular

momentum per nucleon shown in Fig. 1 and some other evidences from nuclear binding

energies and PB-decay energies, it is proposed that there exist two types of nuclear shell

structure one being connected mainly with the ‘filling up of states of given orbital angular

momentum (close shells are characterized by small average orbital angular mamentum

per neutron or protron): :
2, 8, 20, 40, '65, 107,

~
and the other connected mainly with the large separation of energy levels of smgie particle
states \n nuclei due to’ spin-orbit coupling:

6, 14, 28, 50, 82, 126.
The usual set of shell numbers is scen to be a combination of the above two sets,
cach of which is a third order arithmetic progression except the last two fnembers of

the first set which deviate from 70 and 112 expected from the progression, caused
presumably by the strong spin-orbit coupling in heavy nuclei.



