


Exotic nuclei close to the neutron drip line are difficult to describe micro-
scopicélly. The smail binding energies and ektended radial density distributions
of neutron-rich nuclei such as the lithium isctopes, which are produced in ra-
dioactive beams [1, 2, 3, 4], are not correctly reproduced in either Hartree-Fock
or shell model calculations [5, 6]. For this reason simple Gaussian parameteri-
zations of the density distributions [6] have been used in order to describe the
large experimientally observed reaction cross sections [1, 2, 3]. In the present
work a fully microscopic calculation of the Lithium isotopes has been performed
in a basis of hyperspherical functions in which the symmetries have been prop-
erly taken into account {7, 8. In this basis a better description of the asymptotic
part of the wave functions is possible.

Unlike some previous theoretical attempts {9, 10] we shall attempt to pro-

vide a unified description of &7%%11i rather than that of just a single isotope.
" No attempt will be made to parameterize thé effective interaction used for each
isotope, rather a simple parameterization for all the isotopes has been used.
Furthermore in our treatment there is no inert core [9, 10} and all of the nu-
cleons are properly antisymmetrized. Lastly because we make use of Jacobi
coordinates no preblems are encountered with the treatment of the center of
mass [11]. .

In order to provide a unified descriptién of all of the lithium isotopes
we use the following group theoretical treatment. In Table 1 the spin and

isospin of each of the isotopes "aregiven. From knowledge of the iotal isospin
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the symmetry of each isotope is determined. As can be seen from the table the
corresponding Young diagram [f] for each isotope exhibits a simple structure.
In the same manner in which °Li is constructed from "Li plus two neutrons
1111 is constructed from ?Li plus two neutrons.

In the hyperspherical basis the wave function of nucleus A is expanded In

terms of I{-harmonic polynomials |AK[f]leLST} in the following manner [7, §]

$(1,2,3,...,4) = p~534- “)me WAKY), ()

where p is the hyperradius expressed in terms of Jacobi coorciinates, v =
[fleLST and ¢ represents the additional quantum numbers necessary to de-
scribe the state. In the hyperspherical basis the hyperradius is a collective
variable which is related to the root-mean-square (rms) radius of the nucleus,
p° = Ark,, ie, to the mean nuclear density. Excitations of this degree of
freedom correspond to the monopole oscillation of the nucleus as a whole. The
density is therefore a dynamical variable.

The Schrodinger equation for the radial wave functions can be written as

[7. 8]
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where Lx = K + 1(34 — 6), and WII{(,;"’J(;J) are the matrix elements of the

nucleon-nucleon interaction
V= ZV(r,,) V(rg) = f(ri))Wa, - (3)
i<

which are expressed in terms of fractional parentage coefficients in the following
manner '
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where A is a normalization constant and Pf.(z) are Jacobi polynomials [7, 8].

It has already been pointed out [8] that the shape of the effective poten-
tial (WK" (p) ++ centrifugal term) becomes broader for the higher-lying energy
states. Nuclear properties such as the radial density distribution and the rms
radins are thus functions of the excitation energy of the nucleus. The increase
in size of the excited states takes place therefore automatically for the hyper-
spherical basis. -

It the present work we adopted the K ;, approx_imatibn in which all values -
of K greater than K, = A - 4 are neglected. The success of this approxima-
tion arises fromr-the fact that the centrifugal barrier reduces the contributions of
configurations with K greater than Ky, in the equations determining the hy-

_perspherical wave functions {12]. We have also renormalized the Brink & Boeker
Bl (BB1) potential [13] to the ground state energies and rms radii of ®Li and
Li, and we call this renormalized potential RB1. The potential is pardmeter-—

ized with a sum of two Gaussians:

Viry= ZSl—me(l—PM)]exp( 2/ u?), (6)

i=1



Table 2:

Name 51 [MGVI my [(3% [fll’l] 5'2 [MEV} ma ez [fm]
BB1 —140.6 | 0.4864 | 1.4 J89.5 -{0.529 0.70
RB1 —120.0 | 0.4864 1.7 324.2 —0.529 0.85

where P is the Majorana exchange operator. In Table 2 we show the param-
eters used in BB1 and RB1 potentials. In order to fit the binding energies and
rms radii of ®7Li, it was necessary to decrease the strength of the BB1 poten-
tial and increase its range. We obtain a good agreement with the experimental
binding energies of ®7Li (see Fig. 1) and reproduce the experimental rms radii
to within the experimental errors [14]. We have calculated the binding energies
of the ground states, excitation energies of monopole excited states, rms radi,
compressibilities and the radial density distributions of 789111i with RBI1
potential. In Fig. 1 we compare our RB1 results for the ground state binding
energies with the experimental [14, 15] and BBI1 results. Note that we quali-
tatively reproduce the variation in the binding enérgy as the neutron number
increases. The discrepancies between our results and the experimental binding
energies are similar on the average to those obtained in a large-scale shell model

calculation [11). Most importantly, the decrease in the slope of the binding

Table 3:
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6 | 30.1 [ 241 2118 | 2.57(10) | 17.5 | 42.9
7 | 380 [245] 2139 | 241(10) | 18.1. | 474
8 | 361 | 257! 2157 16.4 | 428
9 | 42.4 | 263 | 2132 | 16.4 | 44.9
11 | 481 | 2.76 | 2.249 15.7 | 453
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Figure 1: The comparison of the experimental binding energies (EXP)

of 78 SILL with those calculated using BB1 and RB1 potentials.

£

energy from A = 7 to 8 and from A = 9 is well represented in our results. In
Table 3 we list our results of the ground state energies, rms radii (our, Bertsch
[6] ; and experimental), monopole excitation energies and compressibilities for
all B:78.9.117 5 isotopes with' RB1 potential. The compressibility proposed by
the hydrodynamical model is given as [16, 17, 18, 8] ‘

K = 23 s B | ()

where m is the nucleon mass, and Egm is the monopole excitation energy.
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Figure 2: Radial density of Li

InF ig. 2 the radial density distributions of the isotopes of lithium are given.
Increasing the neutron number leads to a more extended radial density distri-
bution. Furthermore, in the hyperspherical basis we obtain an exponentially
decreasing asymptotic behavior of the radial density distributions which differs

from the results obtained in previous microscopic calculations in an oscillator

basis [6].



With this radial density distributicons of the isotopes of lithium we have
calculated the form factors (see also ref.[23] ). The expression for the elastic
and inelastic form factors in the high energy approximation {19) has the form:

== O O‘:,E\Y'L(:c——ﬂem t|gze z, e} pni(x)x dx,
Fij =2 chl TP plilgzc + ¥(z, )]} ,,() d (8)

where the functions G, §,® take into account the distortion of electron wave
with the Coulomb field of nucleus (see [19] }. In the Born approximation G =
1, @ =0, § = ¢g. The formula (8) is correct for qR > 1, V(0)/E < 1, E* < E,
where V(0) - the Coulomb potential in the centre of nucleus, E* - loss of the

energy of the electron. The cross section in this case takes the form:
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- Mott cross section in the point nucleus Z,

where

-1
(T )

- the factor which takes into account the back movement of the nucleus; M -
mass of nucleus; J; ; - spin of the initial (final) state of the nucleus.

In Fig.3 are given the calculation results of the form factors with the
density distributions for °Li in comparison with the experimental results and
the calculation results with symmetrized fermi-function [22]. It is seen that the
hyperspherical approach gives a description of the form factor with the RB1
nucleon-nucleon potential at small transfer momenta. In Fig.4 are shown the
theoretical form factors of the Li neutron-rich isotopes in the hyperspherical
functions method. For compatrison in Fig.5 are given form factors obtained
with the density distributions [20]:

_p(r)=p(05exp(—;—z). | a)



01234567

Figure 3: Form factors of ®Li: new - this is our result, SF - symmetrized

fermi-function



Figure 4: Form factors of Li
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Figure 5: Form factors for density (12)
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Table 4:
Parameters of density distributions are represented in

ALi | a [fm] Table 4. For qualitative comparison in Fig.6 are given
1.797 the calculation results of the C0 form factor with the
1.885 density distributions for 7Li in comparison with the
1.959 new experimental results [21] (C0-+C2) and the calcu-
11 | 2.175 lation results with density distribution [20] (CO).
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Figure 6: Form factors of 7Li: solid - this is our result, dashed is result for
density distribution (12)
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Our results give the rich information about the structure of nuclei in con-
tradiction with the results from [20].

In the present work we have provided a simple unified descrlptlon of the
isotopes of lithium. The Young diagram [ f] for each isotope has a simple struc-
ture which allows one to obtain a simple approxifnation for the wave functions
of the different isotopes in a hyperspherical basis with a renormalized effective
interaction. A good qualitative agreement with the variations of the mass num-
ber is obtained along with radial density distributions which have exponentially

decreasing asymptotic behavior.
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