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PHOTODISINTEGRATION OF ’Li
By S. SusiLa*
MATSCIENCE, Institute of Mathematical Sciences, Adyar**
( Received July 16, 1979)

The bremsstrahlung weighted cross section for the photodisintegration of 7Li is
calculated using the cluster model wave function. The range of the parameters in the fully
antisymmetrized cluster model wave function which account for both the r.m.s. radius
and the bremsstrahlung weighted cross section, are determined.

1. Introduction

The study of photodisintegration of 7Li reported here is intended to obtain information
about the cluster model wave function of "Li [1]. An earlier study of the r.m.s. radius of
7Li, using the cluster model by Srinivasa Rao and Sridhar [2] yielded the range of values
of the parameters in the wave function -which have been favourably compared with the
experimental results. In the case of some light nuclei such as *He, *H and *He — the
bremsstrahlung weighted cross section, which is the energy-weighted electric dipole cross
section for the nuclear photoeffect, is directly proportional to the r.m.s. radius of the target
nucleus. However, this is not true in the case of ®Li and "Li, since the cluster model ground
state wave functions [1] of these nuclei are not' completely symmetric in the space coordi-
nates of all nucleons. Therefore, a study of the bremsstrahlung weighted cross section for
the photodisintegration of 7Li is expected to provide additional information about the
cluster model wave function of 7Li.

2. The bremsstrahlung weighted cross section
The bremsstrahlung weighted cross section for the photodisintegration of 7Li is given by
o, = [ (a|W)dW, @

where o is the electric dipole cross section for a given photon energy W. Following Dellafiore
and Brink [3] equation (1) can be written as
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where R,, = R,—R,, R, and R, representing the centres of mass of protons and neutrons,
respectively, and the expectation value is in the groundstate of the nucleus. Explicitly, the
operator R2, is given by
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in terms of the relative co-ordinates: ¢; = r,—R, (i = 1,2,3,4), 0; = r,—R, (j = 5,6, 7)
and R = R,—R,, defined in Ref. [2] with the subscripts 1, 4, 5 being used for the protons
(and the subscripts 2, 3, 6, 7 being used for neutrons). The expectation value of R;n takes
the form

(R} >~sz(wo 3y, + 3y, — p3)* Rl podt
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where v,, ¥, ¥, and y; correspond to the no-exchange, one-nucleon exchange, two-
-nucleon-exchange and three-nucieon exchange wavefunctions respectively. The normaliza-
tion factor:

N? =T7! § (po—=3w1+3y2—v3)*podt = TW(Ao—34,+34,~43) &)
has already been evaluated and the expressions for 4,4, 4,, A, and A; are given in equations

(10)-(19) of Ref. [2].
A straightforward but lengthy calculation yields the following expressions
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where g; and p; (i = 1, 2, 3) are as defined in Ref. [2], and the following are the param-
eters in the cluster model wave function « = a}, & = ai,, B = & (3¢ +4d), z = &« and

x = fB/a.

3. Numerical evaluation

The bremsstrahlung weighted cross section, oy, for the photodisintegration of a nucleus
is determined from a plot of experimental results for the nuclear photodisintegration
reaction. A graph of ¢/W versus W is drawn, where o is the total cross section for a given
incident photon energy W and the area under the curve gives the bremsstrahlung weighted

o, (mb)
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Fig. 1. Bremsstrahlung weighted cross section for "Li using the unantisymmetrized cluster model wave
function
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cross section. From the data of Ahrens et al. [4] for the photoneutron yield of photon
absorption at energies from 10 MeV to 100 MeV, o, was measured as 5.224 mb.

The bremsstrahlung weighted cross section for the photodisintegration of "Li has
been computed by varying the parameters « and z within the ranges: 0.25fm?2 <«
< 1.0 fm~2 and 0.20 < z < 1.7 respectively. In Fig. 1 oy, is plotted for several values of
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Fig. 2. Bremsstrahlung weighted cross section for 7Li using the antisymmetrized cluster model wave
function

«, as a function of z making use of the normalized, unantisymmetrized wavefunction for
7Li. In Fig. 2, o, is plotted for the same values of « as a function of z, including the terms
that arise due to the antisymmetrization of the cluster model wavefunction. The effect
of antisymmetrization is to reduce o, for z < 1 and then make ¢, a constant for z > 1.
This is in contrast to the effect of antisymmetrization on the r.m.s. radius [2], where the
value of (r2>V2 was enhanced throughout the range of z, for all values of «. The cluster
model wave function will correspond to the single oscillator shell model wavefunction in
the lowest configuration when o = & = f.

4. Conclusions

In conclusion, it is noted that with the unantisymmetrized wavefunction, the experi-
mental value of the bremsstrahlung weighted cross section can be obtained for « > 0.4 fm~2
and z > 0.3. But with the antisymmetrized wavefunction the experimental value of oy is
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attained, with the same range for « while the range of z is significantly changed to 0.2 < z
< 0.4 (except for a = 0.45 fm~2, where a larger value of z = 0.7 is also allowed). Thus
it is found that for a range of values of o around 0.5 fm~2 and 0.2 < z < 0.4, in the fully
antisymmetrized cluster model wavefunction, it is possible to account for both the r.m.s.
radius and the bremsstrahlung weighted cross section for the photodisintegration of 7Li.
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