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Analysis of energy dependencies for experimental total *He+**Si reaction cross section
employed various parameterizations. In order to describe them in the energy range of 70-200
MeV one should introduce a parameter that considers transparency of a nucleus. At energies E, <
50 MeV there is a discrepancy in total reaction cross section for theoretical and experimental

data. The value or decreases from 400 mb down to 60 mb when a-particle’s energy increases
from 10 to 40 MeV.

Experimental data on reaction cross sections for nuclear-nuclear interactions provide
important information on parameters of the potentials and structure characteristics of the nuclei
contributing considerably to data on elastic and inelastic scattering. Since a-particle is a core for
light exotic nuclei (**He), it is of interest to analyze systematically the empirical energy
dependence for total *He+®Si reaction cross sections (TRCS) in the energy range from the
Coulomb barrier (B ~ 6 MeV) to medium energies of about 200 MeV. Looking up into
published experimental data one can reveal that the reaction *He+**Si is the only with thoroughly
measured TRCS excitation function (or) in this wide energy diapason. Experimental data on
TRCS from B up to 101.2 MeV were obtained by us at the isochronous cyclotron of the Institute
of Nuclear Physics (Almaty, Kazakhstan) [1,2] and at the cyclotron K-130 of the University of
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Juvaskyla, Finland [3]. The energy dependencies of ox on the nuclei **Si at average energies of
69.6 — 192.4 MeV were studied in the works [4,5]. The work [6] presents data on oy for the
nucleus 2*Si obtained at the accelerator U-240 of the Institute of Nuclear Research in Kiev,
Ukraine at energy E, = 96 MeV and studies thoroughly the mass-dependence of a-particle TRCS
at the energy E, = 96 MeV.

At low energies TRCS are proportional to nuclear sizes only within a limited diapason of
mass numbers making this band wider at higher energies of accidental particles. TRCS
behaviour at low energies is determined by the ratio of the Coulomb barrier and energy of “He-
particle. Further increase of E, results in decreased wavelength of an a-particle with increased
role of nucleon-nucleon interactions (their interaction sections decrease at higher energies)
making TRCS lower at higher energies of *He-particles.

The following parameterization of TRCS has been accepted at low energies:

B
O'R:JZ'RI%-(I— %a)’ (1)

where R;, — interaction radius. In case of *He-particle R;, = 1o (A" + Ay ), A — mass of the
target nucleus, A, — mass of a-particle, r, — parameter of radius.

At higher energies with E,>>B. TRCS achieve the geometrical limit of the effective cross-
section at the energy E, ~ 60-70 MeV. Upon achieving this geometrical limit and at further
energy increase there is decrease in TCS [7, 8]. Section og minimum is localized at energy ~
(250-300) MeV/nucleon [7, 8] for nuclei '°C, “°Ca, **Cu; probably, the same values should be
observed for **Si. De Broglie wave length of a medium-energy *He-particle is several times less
than size of a target nucleus and is compared or smaller than average distance between nucleons
of a nucleus. Therefore a particle “feels” the nucleons in a nucleus and interacts with them. So,
interaction character is now different, and a particle does not interaction of with a nucleus as a
whole, but it interacts with separate nucleons. A nucleus becomes partially transparent for
incident particle accompanied with nucleus “blooming” that starts, probably, far before
achieving the geometrical limit. Introducing into the Eq. (1) a factor (1-T) where T denotes
transparency of a nucleus one can take into account the “blooming”:

0R=ﬂRii-(1—B%a)-(1—T). @)

In (2) the interaction radius R;, depends not only on the mass numbers A; and A,, but on
energy asymmetry as well.

Discrepancy in calculated and experimental parameterizations can be explained as follows.
First, parameter of the radius r, for ‘He-particle differes from its value for the nucleus **Si.
Second, in the energy range beyond the geometrical limit oz (>70 MeV) influence on TRCS of
Coulomb field of the nucleus is poorly described by the factor (1-B./E,). Above the *He-particle
energy of about 20 MeV/nucleon one could probably neglect the Coulomb factor (1-B./E,) in
Eq. (2) and use the following:

2
There are other ways to take into account transparency of nuclel, for instance:
R =K +R,—ARy, @)
where the term AR, considers overlapping of densities for colliding nuclei and may be assigned
to radius of any of the nuclei in the Eq. (4). If AR is referred to radius of an incident ‘He-

particle, then decrease of its radius R, at increasing energy E, may be considered as “blooming”

of target nuclei. Introducing R,-AR,,6 = Ref one can obtain another expression for TRCS:
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Op = 7Z'(r0 -Atl/3 + Ref)z. (5)

Fig. 1 presents energy dependence of TRCS for *He+**Si. Symbols denote experimental data
[1-6] and solid curves — parameterizations [8-12].
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Fig. 1. Energy dependence of TRCS for *He-particles at their interaction with the nucleus
28Si. Black squares denote experimental TRCS from works [1,2]; black dots — from [3];
daggers — from [4,5]; triangles — from [6]. Curve represents parameterization of energy
dependence with expressions from the works [8-12].

Analysis of energy dependencies for obtained experimental TRCS employed their various
parameterizations. Parameterizations from the works [8-12] satisfactorily describe TRCS energy
dependence; at that the parameter r, should be within the limits (1.38-1.44) fermi. In order to
describe TRCS in the energy range of 70-200 MeV one should introduce a parameter (1-T) that
considers transparency of a nucleus. It should be noted that at higher energies when E,>>B.
experimental TRCS achieve their maxima at energy E, ~ 60-70 MeV and maxima in the
parameterizations [8-12] are achieved at energies E, = 40-50 MeV.

We have performed analysis of experimental angular distributions of elastic scattering for a-
particles and of tendencies for TRCS changes for the nucleus **Si for the energy range E, =
14.47-240 MeV within the macroscopic optical model (MOM) [13] and semi-microscopic
folding model (SFM) [14]. As initial values for the parameters there were taken ones
recommended in [15] for a-particle scattering. On Fig.2 one can see quite good description of
experimental angular distributions for elastic scattering within the MOM and SFM models.

Obtained within these models potentials were used for calculations of total reaction cross
sections. As one can see from fig.3, in the energy range of 50 — 240 MeV MOM and SFM
describe well the energy dependence of TRCS. At energies E, < 50 MeV there is discrepancy in
TRCS for theoretical (MOM) and experimental data, which decreases from 400 mb down to 60
mb when a-particle energy increases from 10 to 40 MeV.
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Fig. 2. Angular distributions of differential cross sections of elastic scattering for a-particles
with energies of 14.47-240 MeV on nucleus **Si. Dots denote experimental data; solid
curves — MOM, dash curves — SFM.
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Fig. 3. Energy dependence of TRCS for *He-particles at their interaction with the nucleus
28Si. Black squares denote experimental TRCS from works [1,2]; black dots — from [3];
daggers — from [4,5]; triangles — from [6]. Solid curves represent MOM, dash curves — SFM.

At analysis of discrepancies between experimental and theoretical TRCS on should take into
account the following. Within MOM two main values are calculated: differential section of

do, ()
dQ

elastic potential scattering and absorption section o, while in experiments one
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do(0)
measures differential sections of elastic scattering —<—~ and reaction section ox. At that one

dQ

should take into account the following:

do,(0) do,(0) dog(0) do, (9)
= + , where

dQ dQ dQ dQ

section for elastic scattering with formation of a compound nucleus;
b. for absorption sections and reactions: or = 0, — O, Where o, — integral section of elastic
scattering with formation of a compound nucleus.

Contribution from the compound nucleus mechanism at energies E, > 20 MeV is negligible
in comparison with error in determination of or and does not influence the agreement between
the theory and experiment.

What other mechanisms can explain such difference in TRCS? Possibly, one would introduce
additional terms into optical potential, in particular, L-splitting potential, etc.

a. for differential sections: - differential cross
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