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Summary. — Effects of short-range correlations are included in nuclear
momentum distribution also using a simple method suitable for high mass
number nuclei.

PACS 21.10 - General and average properties of nuclei; properties of nuclei;
properties of nuclear energy levels.

PACS 21.30 — Nuclear forces.

PACS 18.75.Cs - Nucleon-nucleon interactions, including antinucleon,
deuteron, ete. (energy <10GeV).

Many nuclear reactions (e.g., pion absorption, quasi-elastic electron
scattering, nuclear photo-effect()) are very sensitive to high-momentum
components of the nucleon momentum distribution. The high-momentum tail
results from the short-range part of the nucleon-nucleon interaction which
introduces short-range correlations (SRC) in the motion of nucleons and raises
nucleons above the Fermi sea. Several methods have been developed to include
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the effects of SRC in momentum distribution (**). However these methods turn
out to be prohibitively complicated for all but the lightest nuclei. It would be
therefore very desirable to have a procedure which enables the momentum
distribution, with proper high-momentum components, to be easily calculated
for all nuclei.

In a recent study(®) of nuclear momentum distribution n(k) we have
considered its integral representation

afk

) (k) = (2n)3 f da W, (x)(4/3) xa?,

0

W, (x) being a weighting function of uniform momentum distributions in spheres
of radii .
From the normalization condition

@) j Ao W, @) = 4r j dk k2ndk),

one finds « = (9/2)12.

The numerical analysis of the weighting functions W, (x) for various nuclear
models (®) has revealed a clear-cut effect of short-range correlations. The
function W, (x) shows two peaks if the nucleon are correlated but only one if they
are not correlated. In the former case, one broad peak is associated with the
Fermi momentum and does not vary from one nucleus to another. The other
narrow peak, at a smaller value of %, is attributable to the correlations which
produce high-momentum components in the nucleon momentum distribution.
Motivated by these results we investigate here a possible additivity of weighting
factors W, (x) corresponding to long- and short-range correlations in nuclei:

3 ‘ Wo(@)=(1—eg) Wi, (@) + s W5 (@),

proposing Wgs(x) in the Gaussian form:

\

@) Ws () ==~ y5texp |:_ (90 — xs>2] ’
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with the parameters xg and ys describing the position and width of the peak
associated with SRC. The parameter ¢g measures the relative presence of short-
range correlations in the nucleus. We do not need to specify Wy, (x) since the
long-range part of the momentum distribution, corresponding to the first term in
(3), may be taken from the single-particle model:

® 1, (k) = (4)71 3 (2 + 1) Ny [ Ry (B,

nlf

R,;(k) being the radial wave functions in the momentum space and N,
appropriate occupation numbers of single-particle states.

We have checked our conjecture (3), (4) in the case of “He and °0 nuclei using
the single-particle model with harmonic-oscillator wave functions. The short-
range part of momentum distribution, corresponding to the second term in (3),
has been fitted to the results of Malecki and Picehi(®) obtained in the Jastrow
correlation model. The parameter 5 was allowed to change from one nucleus to
another. In such a way we have obtained the parameters of the short-range peak
Ws(®): €5 =0.69fm, yg=0.15fm. The strength of SRC is ez = 0.070 for “He and
e =0.095 for °0. The fit for 0 is presented in fig. 1, where we compare the
momentum distributions obtained from the Jastrow correlation model () with
that resulting from egs. (1)-(4).
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Fig. 1. — Momentum distribution of %0 caleulated with the present method (solid line) and
from the Jastrow correlation model on Mafecki and Picehi (?) (dashed line). The dotted line
corresponds to the single-particle model with the harmonic-oscillator energy spacing
118.8 MeV (3.
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Fig. 2. — Momentum distribution of *Ca calculated with the present method for three
values of the correlation strength: e5=0.10 (dot-dashed line), 0.15 (solid line), 0.20
(dashed line). The dotted line corresponds to the single-particle potential method (7).

Encouraged by the success of our simple parametrization (3), (4) in the case of
light nuclei we have also calculated the momentum distribution for **Ca nucleus
using the single-particle potential method (") for the long-range part and the
parametrization (3), (4) to account for short-range correlations. The results are
presented in fig. 2 for three values of the correlation strength 5. It is evident
that the high-momentum tail is reproduced very reasonably.

At present we do not know how the parameter e varies with the mass
number A. We expect it should grow with A because of increasing number
correlated pairs. Alternatively one may treat ¢g as a convenient parameter
measuring the relative effect of short-range correlations in a given nucleus. It
could be determined by calculating observables like (e, e’, p) cross-sections and
then fitting them to experimental results. ’
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