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ABSTRACT

Quantum molecular dynamics (QMD) is applied to study the ground state
properties of Li, Be and B isotopes. The model Hamiltonian includes both two-
and three-body density dependent interactions, a Coulomb term, and a
momentum dependent Pauli potential. With parameters which guarantee the
infinite nuclear matter properties, the QMD model can only reproduce the
binding energies for Be and B isotopes. The experimental root mean square
radii of the Li, Be and B isotopes are not sufficiently reproduced by these
parameters. It is shown, however, that the binding energies and root mean
square radii of these isotopes can simultaneously be reproduced in the lower
density limit of the potential parameters.

1 INTRODUCTION

Experimental information about neutron rich nuclei has been obtained by
means of radioactive nuclear beams [1-7]. Systematic studies in a single
theoretical framework are desired for those observed properties of neutron
rich nuclei together with ordinary nuclei.

For most theoretical frameworks of light nuclei, it is not easy to make
systematic researches on the isotopes ranging from ordinary nuclei to
neutron rich nuclei. First of all, the applicability of the mean field
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approaches is not necessarily assured in light nuclei due to the existence of
the cluster model. The properties of ordinary light nuclei with cluster
structure have been studied well with the cluster model. In the model the
existence of cluster is assumed a priori. Furthermore, if a nucleus has shell
model like structure instead of cluster structure, the cluster model does not
provide a good approach. Therefore, it is very difficult to apply either the
cluster or shell models to the study of exotic nuclei for which we have little
information or observed data.

On the other hand, there are many kinds of microscopic simulations that
can investigate nuclear properties and reactions without making any model
assumption such as (QMD) [8], antisymmetrized molecular dynamics
(AMD) [9] and Fermionic molecular dynamic (FMD) [10]. with
antisymmetrization of the total wave function, the last two models are very
suitable for studying ground state properties and reaction processes.
However, they are not commonly used since they need much CPU time
which is approximately proportional to the fourth power of the particle
number A. With various kinds of molecular dynamics, the QMD approach
has been proposed to study high energy heavy-ion collisions [8]. QMD has
been also used for the analysis of fusion reactions, nucleon-induced
reactions, fragmentation in collisions between heavy systems and so on.

In this paper, we apply the QMD method to the investigation of the
ground state properties of ordinary and neutron rich nuclei of Li, Be and B
isotopes. The paper is organized as follows. In the next section (Sec. 2) we
explain the formulation of QMD for our present study of nuclear structure.
The calculated results are given and compared with data in Sec. 3. Finally
in Sec. 4 we give a summary.

2 BRIEF EXPLANATION OF QMD MODEL

The QMD model is n-body theory which simulates all fluctuations and
correlations of the nuclear reactions on an event by event basis. There
exists several flavors of QMD (for a review see [8] ). Aiming to study the
influence of interactions on the ground state properties of ordinary and
neutron rich nuclei, we will adopt the most standard type of QMD model.
The present model is based on two devised models, namely the QMD
model of Aichelin and Stocker [11] and the Quasi-Particle model of Boal
and Glosli [12]. Our explanation of this QMD version here isbrief, keeping
a self-contained style.

In QMD the wave function of an A-nucleon system is assumed to be a
direct product of Gaussian wave packets of nucleons:
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where tm and ^m are the mean position and momentum of the nucleon i
and the width of the wave packet is characterized by the parameter L. The
ground state configuration is defined as an energy minimum state of the
system and is calculated as follows. First, an initial choice is made for the
positions and momenta of all A-nucleons. Nucleons are assigned momenta
distributed randomly with a sphere in momentum space of radius equal
local Fermi momentum. To get the energy minimum configuration, we use
the following damping equation of motion:

where u and v are the damping coefficients with negative values when we
need to cool the system. These values are chosen as u = 400 (MeV/fm.c)
and v= 938.9 (MeV/fm.c)2. The equations of motion are then integrated
using a Runge-Kutta procedure until pOj, rOi becomes sufficiently small.
After 200 fm/c the initially hot nuclei are cooled down to T ~ 0 almost
independently of the starting configuration of the nucleus.

We have adopted the Hamiltonian to consist of non-relativistic kinetic
energy, Skyrme type effective interaction, Coulomb, symmetry and the
Pauli potential:

H = V —— +Hskyrme+Hcoulomb+HsymmetTy+Hpauli (3)
v LTCV

For the form of Skyrme interaction, we use the most simple one:

\V* (4)
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In the treatment of real system, however, we exclude the self-interaction:

Hskyrme= T^~ £ ^ 1, - I, V A ̂  V> A X > " > d \ d \
^P

= H2 + H3 (5)

which is identical to the two and three body interactions, respectively.
We employ the symmetry potential as:

(6)

where T, is the isospin index of nucleon (i). In the nuclear matter limit, this
term goes to

P,

where pp and pn denote proton and neutron densities, respectively.
The Pauli potential is introduced for the sake of simulating Fermionic

properties in a semiclassical way. This potential is taken as [12]

where m is the nucleon mass and the Kronecker deltas ensure that the
potential acts between like particles only.

Finally, the Coulomb energy is taken as

=—-Y (X)
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T o . - T <where erf denotes the error function and TV) =

There are six-parameters in the effective interaction of the Hamiltonian,
eq.(3), i,e, C s , a, p, p 0 , X a n d L- T h e symmetry energy coefficients Cs

is adopted from [12] to be 30.54 MeV. The Skyrme parameters (a, P) are
fixed to their original values -124 MeV and 70.8 MeV, respectively. These
values give the binding energy per nucleon of 16 MeV at the saturation
density po=O.168 fm'3 and incompressibility K=380 MeV for nuclear
matter limit, the remaining two parameters \ * and L are estimated from
[12] by equating the ground state energy per particle of a simple cubic
lattice at a specific density with that of an ideal Fermi gas at the same
density. Three densities are chosen for comparison, po/8, po/4 and po/2 and
for each a locus of values of X and L which yield the same energy as the
Fermi gas are obtained. The reference density is equal to po/4 to take into
account the four spin degrees of freedom in nuclei. In their calculations,
they fix V£ = 1.9 and L=2 fm2, which corresponds to reference density
equal to po/4. We call the parameters taken in this way as standard
parameters of QMD.

3 RESULTS AND DISCUSSION

Fig. 1 shows the comparison of binding energies of the ground state of Li,
Be and B isotopes of our calculations and the experimental values. The
circles connected with solid lines represent the QMD calculations with
parameters fixed to their original values (standard parameters), which
guarantees the infinite matter properties. As one can see with these
standard QMD parameters, the experimental binding energies are
reproduced especially for heavier isotopes (Be and B), for which the local
density approximation is the best. The light model nuclei of Li isotopes are
overbound.

The dashed lines with crosses show the effect of changing dependent
interactions. First of all, the values of the parameters \ J =1.9 and L=2 fm2

which corresponds to the lowest reference density of po/8. Second, the
density dependent two-body interaction part (a) is adjusted by weaking
the strength of its attractive part from a=-124 MeV to a=-l 12 MeV in the
case of Li isotopes and a=-l 16 MeV in the case of Be isotopes and a=-
120 MeV in the case of B isotopes. As one can see, we can reproduce the
binding energies of normal and neutron rich nuclei almost perfectly. Thus
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for the study of the neutron halo structure, it is necessary to give careful
consideration in choosing the interaction parameter such as the density
dependent of the two-body interaction term on which the energies depends
rather sensitively

Fig.2 shows the comparison of the theoretical values of the radii of Li, Be
and B isotopes with the data. The results show that the neutron rich Li, Be
and B nuclei near the drip line have large radii considerably deviated from
the AI/3 law. The circles connected with the solid lines are the results of
the QMD with parameters which guarantee infinite matter properties, the
QMD underestimates the values of root mean square radii for both normal
and neutron rich nuclei. The crosses connected with the dotted line
indicate the QMD results with the use of parameters a=-l 12 MeV, -116
MeV and -120 MeV (the adjusted parameters) for Li, Be and B isotopes,
respectively Again, the agreement is quite satisfactory. Further adjusting
of parameters may be necessary for precise description of 13Be isotope.

It should be noted here that, in Refs.[13,14], the binding energies and
root mean square radii of Li, Be and B isotopes studied with the (AMD)
model where they have adopted the Volkov force (consisting of Wigner
and Majorana components) for the effective two-body interaction and the
MV1 force for the three body interactions. It was found there that the
binding energies can only be reproduced by using Majorana parameter of
the effective two-body interaction which depends on the mass number.
This may show that their results are consistent with ours in that the density
dependent two-body interactions is very important to reproduce the
binding energies and large radii of the experimental data. We consider the
reason is as follows: since the two-body attractive and three body
repulsive force work weaker in how density region, the nuclear system of
neutron rich nuclei prefers having the density distribution extended to
spatially wider region, which results in the larger radii and, relatively,
smaller binding energies.

4 SUMMARY AND CONCLUSION

A systematic study of the structure of Li, Be and B isotopes have been
studied with the QMD model. With parameters which guarantee nuclear
matter properties, the QMD model reproduces the binding energies for
heavier Be and B isotopes, for which the local density approximation is the
best. The model nuclei for Li isotopes are shown to be overbound. The
experimental root mean square radii of Li, Be and B isotopes are not
sufficiently reproduced with the calculations. It is shown that this may be
due to the intrinsic structure of the model nuclei. The observed structure of
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these nuclei are stable, hard and difficult to be excited even for the most
neutron-rich nuclei.

By taking into account the lowest density limit, the strength of the Pauli
potential ^NJ^and the range of interaction (L) are chosen. The density
dependent two body interaction term is then adjusted to give the proper
binding energies for each isotope. The effect of changing these parameters
result in systematic reproduction of binding energies and radii of these
isotopes.

In conclusion, we have found that the density dependence of the effective
interaction plays important roles in getting better agreement with the
experimental data of binding energies and radii of stable and neutron-rich
nuclei of Li, Be and B isotopes, even better than those obtained by AMD
calculations [13,14]. Since the results of the present QMD calculations are
quite similar to those of the previous study of Refs.[13,14] with respect to
the structure change as a function of the neutron number, further study of
low and excited states of the neutron-rich nuclei by using the constrained
frictional cooling method in the QMD approach is desired.
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fig. l: Binding energies of Li, Be and isotopes calculated with QMD model Circles connected with
solid lines denote the QMD calculations with the standard parameters set Crosses connected with
dashed lines denote the QMD results with the use of parameters cc—112 MeV, -116 MeV and -120
MeV for Li, Be and isotopes, respectively Squares denote the corresponding experimental data[5]
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Fig.2: Root mean square radii of Li, Be and B isotopes. They are calculated with QMD model.
Symbols are the same as Fig. 1.
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The Hanging Church
(El Muallaqa, Sitt Mariam, St Mary)

The Hanging Church (El Muallaqa, Sitt Mariam, St Mary) derives its name from its
location on top of the southern tower gate of the old Babylon fortress with its nave
suspended above the passage. (Muallaqa translates to 'suspended') The church was first
built, in Basilcan style, in the 3rd or 4th century. However, at that time it is unlikely that
the church would have been constructed in this location. They covered the towers with
palm trunks and a layer of stone. The main church is thought to have been built between
the 5th and 6th centuries with the southeastern section called the "upper church" being
added later. The church was destroyed in the 9th century. It was rebuilt in the 1 lth
century and became the seat of the Coptic patriarchate until the 14th century.

It became known to travelers during the 14th and 15th centuries as the "staircase church"
because of the twenty-nine steps that lead to the entrance.

The church is composed of
a mam court and two
narrow suites separated by
eight columns on
each side. The court is
further separated from the
northern suite by a row of
three columns with
large ogee (arrow-shaped)
arches. Columns
separating suites were
made of marble, except for
one, which was made of
black basalt. Columns,
23.5-m-long, 18.5-m-wide
and 9.5-m-high, had
corinthian-style capitals
derived from earlier
architectural styles.

The church entrance lies
south of the eastern wall of
the front lobby, which is



rendered at present into an
open court, adorned with
geometrical and floral
plaster ornaments. Inside,
there are seven sanctuaries
in which six are in the two
side aisles and one in the
Church of St. Mark which
is above. In front of the
central sanctuary is a pulpit

that dates from the 1 lth century and is supported by fifteen marble columns. On one of
the bastions of the fortress is a chapel built for the Ethiopian saint Takla Haymanot. A
wooden staircase leads up to this chapel. There are many objects that belong to the
church inside the Coptic Museum. There are icons and manuscripts that can be seen
there. Inside the church are collections of over one hundred icons of which the oldest
dates from the 8th century. The craftsmanship of the iconostases in cedar, ebony and
walnut and are inlaid with ivory and dates from the 10th to the 13th century is
incredible.

On the eastern side of the church, there lie three altars dedicated to the names of the
Virgin Mary (middle), St. John the Baptist (right) and St. Mar Guirguis (left). Facing
these altars are wooden screens, of which the central, made of ebony inlaid with ivory,
dates back to the 12th / 13th Century. The screen is stuffed with exquisite geometrical
and cross-shaped patterns. The upper part shows icons depicting Christ as seated on a
throne flanked by Virgin Mary, Arch Angel Gabriel and St. Peter on the right and John
the Baptist, Arch Angel Michael and St. Paul (Boulos) on the left. The altar is covered
with a wooden awning supported by four columns, with a seating platform for the clergy
at the back. In addition to the Hanging Church, there is Abi-Sirga's Church, that lies
some metres below street level.

Adjoining, there are another six churches and a monastery, all of which lie on two rows
separated by a corridor wide enough for the passage of a few persons.
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