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The isotopic distributions of projectile fragmentation have been measured for the reaction of 44
MeV /nucleon 129%e on %°Zr and '°7Au targets. The systematics of the production cross sections

are discussed via some macroscopic models.

PACS number(s): 25.70.Mn, 24.10.—i

The investigation of the isotopic fragmentation distri-
bution of heavy-ion peripheral collisions can provide not
only a valuable insight into the nature of the reaction
mechanism but also an important reference for search-
ing for new isotopes and for developing radioactive nu-
clear beams. The formation of projectilelike fragmenta-
tion products in peripheral heavy-ion collisions at inter-
mediate energies has been studied both experimentally
[1-8] and theoretically [9,10]. Some measurements for
projectiles (up to 86Kr) on various targets at intermedi-
ate energies have been reported [1-8], but the detailed
explanation of some aspects of the observed phenomena
is still in an unsatisfactory state. In this energy range
the production mechanism for fragments is not yet well
understood. Why the abrasion-ablation model, which
can reproduce the experimental isotopic distribution of
a °Ar induced reaction, cannot explain the 8¢Kr results
is still an open question. Furthermore, there are only
few experimental data on fragmentation isotopic distri-
butions for heavy projectile-induced reactions at interme-
diate energies. It will be very useful to have more exper-
imental data of isotopic fragmentation distributions with
heavier projectiles for systematic studies of the behavior
of fragmentation and for searches for new heavy exotic
nuclei such as 1°9Sn, which may represent the limit to
nuclear structure studies of the N = Z nuclei.

Following this idea, in this paper we report the ex-
perimental isotopic distributions of the reaction induced
by 44 MeV /nucleon 12°Xe beam on various targets. The
comparisons with some model predications are also dis-
cussed.

In the present study, a beam of 44 MeV /nucleon 12°Xe
ions delivered by the GANIL cyclotrons was used to bom-
bard a °Zr (1.13 mg/cm?) and a '°”Au (0.9 mg/cm?)
target, respectively. Both targets were mounted at the
intermediate focal plane of the SPEG spectrometer [11].
They were chosen because the projectile mass was be-
tween the two target masses so that different kinematics
and target effects for producing higher yields of fragment
could be studied. Beam intensities on the targets were
typically 10 nA. The center angle of the SPEG was set
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at 3 degrees with a horizontal open angle of £2 degrees.
The dispersion and the momentum acceptance AP/P of
the magnetic spectrometer were set to be 8 cm per per-
cent and +3%, respectively. Two drift chambers for mea-
suring the horizontal and vertical positions of reaction
products were put in front of and behind the focal plane,
respectively, so that it could give a precise magnetic rigid-
ity. The time-of-flight (TOF) start signal was provided
by a parallel plate avalanche counter, which was located
at the focal plane. The TOF stop signal was derived
from the radio-frequency signal of the cyclotron. The
flight path length was 14.2 m. The focal plane detec-
tor was composed of a Bragg detector and two ionization
chambers, which could give the energy, range, and AE
information. The veto dete:ztor was a plastic scintillator
detector.

Combining the magnetic spectrometry with the
energy-loss and range measurements in the Bragg detec-
tor made it possible to identify reaction products unam-
biguously as described in Ref. [12]. Figure 1(a) shows the
ion charge number Z spectra of 44 MeV /nucleon '?9Xe
on the %°Zr target, which are obtained by the energy-
range particle identification method. The elements from
Xe to Kr can be clearly distinguished. Fragments with a
charge number larger than the projectile’s are observed.
This can be explained as the result of nucleon transfer
from the target to the projectile. From the figure, some
interesting phenomena can be observed, which we cannot
explain at present: the yields of Z = 46 and 48 isotopes
are smaller than their odd-Z neighbors’ in this reaction.
This is an intricate effect, since the detailed structure
of the isotope distribution depends on the competition
of several things, such as the distance from the stability
line and from the projectile, the nuclear structure effects,
etc. A detailed explanation should be very useful in un-
derstanding this reaction. Figure 1(b) is the ionic charge
state distribution for a given atomic number. Four to five
charge states are measured at one magnetic rigidity Bp.
The resolution of the charge state @ is mainly decided by
the energy resolution because of the high resolution of the
magnetic spectrometer and the precise measurement of
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FIG. 1. The particle identification spectra of fragments

produced by 44 MeV /nucleon '**Xe on °°Zr targets. (a) The
atomic number Z spectrum. (b) The spectra of particles ver-
sus charge state for two values of Z. (c) The mass number A
spectrum.
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the TOF. Figure 1(c) is the mass spectra. In order to
improve the mass resolution several cuts have been ap-
plied to these data including charge cuts and charge-state
cuts of 0.2%, respectively. Because of the limited accep-
tance some charge state and energy spectra cannot be
measured. These have been compensated for by software
correction. The errors caused by these corrections are
around several percent.

The measured isotopic production cross sections are
given in Fig. 2, in which triangles and solid dots repre-
sent the reaction on %°Zr and %7 Au targets, respectively.
The experimental isotopic distributions of Cd and Sn are
almost centered near the valley of stability (shown as ar-
rows). The Ag and In isotopic distributions are also cen-
tered not far from the stability line. This phenomenon is
unexpected in that the heavier projectile should produce
nuclei near the drip line because of the geometry of the
abrasion mechanism and the low excitation energy de-
posited in the prefragments according to the systematics
of *°Ar at 44 MeV /nucleon. It indicates that the reac-
tion process appears to be very dissipative and leads to
the formation of highly excited prefragments. Quantita-
tively, a better understanding of this process is very im-
portant to optimize the experimental conditions for the
purposes. In the case of searching for 1°Sn, it is better to
use higher incident energy to reach the pure fragmenta-
tion regime, which has a higher cross section. The peaks
of the isotopic distributions for these two systems are al-
most located in the same position. This indicates that
the target is a spectator, as in the high-energy projec-
tile fragmentation. We also can see that the lighter the
target mass the larger the cross section. But the differ-
ence between them is small. This evolution confirms that
the kinematical focusing effects play a role in heavy-ion
peripheral collisions at intermediate energy.

In Fig. 3 the comparison is made to different model
calculations. For systematics, the isotopic distribution
of 44 MeV /nucleon *°Ar+81Ta reaction from Ref. [6] is
also given. The results of a calculation by a fragmenta-
tion model, which is based on the abrasion-ablation pic-
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FIG. 3. Comparison of the isotopic distribution with model
calculations. The solid dots represent experimental results.
The curves represent model calculation. The neon isotopic
distribution is from 44 MeV /nucleon *°Ar+'%!Ta reaction [6].
The silver isotopic distribution is from our experimental result
of 44 MeV /nucleon *?**Xe-+°°Zr reaction (for more details, see
the text).

ture and incorporates the giant dipole resonance and a
deexcitation process [13-15], is shown as dashed curves in
Fig. 3. The dots represent the experimental results. This
calculation considers that the dominant reaction mecha-
nism around the Fermi energy range is similar to a pure
fragmentation process at high energies and neglects the
dissipative phenomena existing at intermediate energies.
We can see that both the peak and width of the isotopic
distribution of the 44 MeV /nucleon *°Ar induced reac-
tion can be reproduced very well. But it is completely
different in the 44 MeV /nucleon ?°Xe case. The differ-
ence of the peak position between the experimental and
calculated results is about 6 amu. A possible explana-
tion is that in the 44 MeV/nucleon Xe induced reaction,
a large amount of energy is dissipated in the primary
fragments and the reaction products will move in the
direction of the 3-stability line by evaporating more nu-
cleons and particles.

Siimmerer et al. developed a new parametrization for
calculating cross section of fragments for projectiles with
mass larger than approximately A = 40 for high-energy
heavy-ion reactions [16]. They considered the influence
of the projectile N/Z ratio on the fragmentation in that
calculation and used a modified parametrization of the
proton excess, which drastically effects the cross section
of heavy fragments. Their parametrization calculation
can reproduce about 700 experimental fragment cross
sections within a factor of 2. In order to see if there
is a substantial difference at intermediate bombarding
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energies, a comparison is made with our experimental
results. The solid curve in Fig. 3 is the calculated result
of Siimmerer’s parametrization formula. Surprisingly, we
can see that this simple parametrization can fit the exper-
imental results fairly well for both reactions. The neutron
deficient side is in good agreement for the Xe fragment.
But a large deviation for the neutron-rich Xe fragments
is observed. This may indicate that an inherent overesti-
mation in Stimmerer’s parametrization calculation exists
for the widths of isobaric chains close to the projectile.
For reproducing the fragment cross section for a heavier
fragment, a parameter A, which is a shift of the cen-
troid of the charge distribution toward the [ stability
with decreasing mass loss from the projectile, has to be
introduced into the calculation [16].

In the comparison with the fragmentation of the
heavier (12°Xe) and the lighter (“°Ar) nuclei with the
abrasion-ablation model, it seems that surface energy is
approximately right to predict the isotopic distributions
of the lighter systems while the heavier systems will be
reproduced by including higher excitation energy. From
comparison with Stimmerer’s parametrization we can see
that the nuclear structure, such as the diffuse surface of
the nucleus or neutron skin, should be introduced to give
a rather broad and lower charged distribution of the pre-
fragment. A model, which considers both of these two
aspects, will give a better explanation of the isotopic dis-
tribution for both the lighter and the heavier projectiles
[17].

In conclusion we have measured the isotopic distribu-
tions of 44 MeV /nucleon 2°Xe on %°Zr and !97Au tar-
gets. It can be seen that the reaction process induced by
a heavy projectile at intermediate energies is not a pure
fragmentation but a complex process including trans-
fer, fragmentation, and dissipation process. Siimmerer’s
parametrization can be used to predicate the isotopic
production cross section for heavier projectile peripheral
collisions at intermediate energies. But some large devi-
ations still exist. More experimental data on the isotopic
fragmentation distribution are needed in order to make
a reliable prediction of the fragmentation cross section
for certain isotopes for an estimate of the intensity of
secondary radioactive beams.
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