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Abstract of Thesis

This thesis reports on the first measurement of the charge-changing cross section (o) for ' C on a
natural carbon target at low energies around 45 MeV/nucleon and the determination of the point-proton
distribution root-mean—square (rms} radii using the Glauber model.

The experiment was performed at the RCNP secondary beam line (EN Course) in Osaka University. The ' '
beams were produced by the projectile fragmentation reaction of a ™Ne primary beam at 80 MeV/nucleon on a
%Be target, and momentum analyzed before being transported to a 450 mg/em® natural carbon target. The
transmission method was employed to measure the o, 5 To perform the measurements at low energy, we have
constructed a MUlti-Sampling lonization Chamber {MUSIC). The use of MUSIC, instead of silicon detectors, helped
reduce the systematic uncertainty in the particle identification, and contributed to the successful experiment.
By care- fully considering the geometrical acceptance of the detectors after the target, we demonstrate the
importance of the correction for the acceptance in the transmission method.

To extract the nucleon distribution rms radii from low-energy data, we have systematically determined
a global parameter set for the Gilauber calculation, which is applicable to reaction cross section (¢,) and
G oo at incident energies from 10 to 2100 MeV/nucleon. Adopting the proton—density distribution of *C known
from the electron-scattering data, as well as the bare total nucleon-nucleon cross sections, and the
real-te-imaginary-part ratios of the forward proton—proton elastic secattering amplitude available in the
literatures, we determine the energy-dependent slope parameter B . of the proton-neutron elastic differential
cross section so as to reproduce the existing interaction cross section {o,) and g, data for **C+“C aver a
wide range of incident energies. The Glauber model thus formulated is applied to calculate the ¢, s of 'C
on a "Be and “"A]l targets at various incidenti energies. Qur calculations show excellent agreement with the
experimental data. The proton rms radii of '"""™C thus extracted using our measured o’ s are consistent with
the existing data from measurements at around 950 MeV/nucleon. The results for *''C are consistent with the
values from the electron scatterings, demonstrating the feasibility, usefulness of the o measurement and
the present Glauber model to determine the proten (charge) rms radii of nuclei.

Applying our calculation to the o, and o, at different energies for the ""'C, we have evaluated the
model density distribution dependence of the point-proton distribution rms radii as well as point-neutron
distribution rms radii for “'*C. Whereas the proten rms radii do not depend on the assumed model density
distributions, the neutron rws radii show strong model-density dependence. In particular, the o,at low energy
is sensitive to the surface of the density distribution. The results demonstrate the importance of measurements
at incident energies below 100 MeV/nucleon. The proton rms radii of '""'%C show weak isotope dependence, which

reflects the stable proton distributions and provides an evidence on the proton subshell closure at Z = B.
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MM E : Study of nucleon density distribution of nuclei and energy dependence of the charge charnging
cross sections via Glauber model
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