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Density of quarks in heavy spherical nuclei using NRQSM
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Abstract. A nonrelativistic quark shell model (NRQSM) is used to derive an expression
for the density of quarks in heavy spherical nuclei. It is shown that quark density is related
in a simple way with the probability of finding a nucleon in a nucleus. The quark density
is used to determine the ratio of average distance between two quarks to the average distance
between two nucleons. :
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One of the most important aspects of a many-body system is to study its various
properties starting from its basic constituent particles. As our knowledge of the
particles which are used to build a nucleon advances, we get more and more interested
in building a theory of nucleus starting from this basic picture. As a first step in this
direction we would like to show how we can derive an analytic expression for the
density of these constituent particles in a heavy spherical nucleus. We shall do this
using non relativistic quark shell model (NRQSM). _

Let us consider a nucleus of mass number A, then its wave function using NRQSM
can be written as
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where

R=Y7#, ‘ (2a)

and y; denotes the internal wave function of a nucleon consisting of three constituent
quarks. It is an antisymmetric wave function having colour quantum number ¢ =0,
spin s =1, projection of spin m,, isospin I =% and projection of isospin my,. The
radial part consists of two Gaussian wave functions
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b, being the harmonic oscillator parameter, and p, = 7, — Fiv1sdi =Fiyq—3(F +Fipy)
The wave function Pnitim, I8 the centre-of-mass wave function of ith nucleon having
quantum numbers n;, ;i m,. The integration over & function takes care of the
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